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FOREWORD. 


The  volume  which  is  here  presented  to  the  scientific  world  contains  the  results  of 
the  most  extensive  piece  of  geodetic  work  attempted  by  any  nation,  a  geodetic  triangu- 
lation  across  the  continent  and  the  resulting  arc  of  the  parallel.  This  work  has  been 
conducted  with  the  greatest  care,  and  many  improvements  in  the  means  of  observation 
have  marked  its  progress. 

In  presenting  this  complete  record  of  a  great  undertaking,  carried  through  by  a 
bureau  of  the  Treasury  Department,  the  executive  ofl&cers  of  the  Department  feel  that 
it  will  prove  a  contribution  to  the  science  of  the  world  worthy  of  the  United  States. 

Ir.  J.  Gagb,  Secretary, 

Treasury  Department,  May^  1900. 
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INTRODUCTION. 


The  completion  of  the  measure  of  an  arc  of  the  parallel  across  the  Continent  of 
North  America  marks  an  epoch  not  only  in  the  scientific  history  of  the  United  States 
but  in  the  world*s  geodesy  as  well.  The  results  of  the  work,  not  only  to  geography  but 
to  geodesy,  are  most  important  and  far-reaching.  In  the  present  volume  are  brought 
together  not  only  the  observations  themselves  and  a  discussion  of  the  results,  but  also  a 
description  of  the  instruments  and  methods  employed,  and  the  improvements  which  have 
been  brought  about  in  the  progress  of  the  work.  This  progress  has  been  coincident  wnth 
that  of  the  science  of  geodesy  itself  and,  in  a  measure,  the  work  has  been  a  history  of  the 
science. 

The  transcontinental  triangulation,  which  was  designed  to  connect  the  triangula- 
tion  lines  already  executed  ^n  the  Atlantic  and  on  the  Pacific  coasts,  began  under  my 
predecessor,  Professor  Benjamin  Peirce,  the  third  Superintendent  of  the  Survey,  and 
the  work  has  been  prosecuted  under  the  succeeding  superintendents — Patterson,  Hilgard, 
Thorn,  Mendenhall,  and  DuflBeld. 

Soon  after  the  close  of  the  Civil  War  it  became  evident  that  greater  extension  must 
be  given  to  geodetic  operations,  in  order  to  keep  pace  with  the  material  development  of 
our  country.  It  was  at  that  time  that  Superintendent  Peirce  asked  Congress  for  $15  000 
to  begin  a  triangulation  connecting  the  Atlantic  and  the  Pacific  coasts.  He  characterized 
the  sum  as  '  *  small  in  amount  but  of  inestimable  importance. ' '  So  favorably  was  the 
project  received  in  Congress  that  the  necessary  legislation  was  immediately  enacted. 
The  appropriations  increased  with  each  succeeding  year  until  1874,  when  $50  000  were 
allotted  to  the  work. 

During  the  next  decade  no  specific  amounts  were  set  aside  for  this  enterprise,  but 
the  work  was  carried  on  in  connection  with  the  general  triangulation.  Congress  always 
authorized  the  expenditure  of  certain  parts  of  the  great  items  of  appropriations  for  this 
particular  purpose.  The  original  idea  was  steadily  kept  in  view,  however,  and  in  1883 
it  again  found  formal  expression  in  the  sundry  civil  bill,  by  the  appropriation  of  $30  000 
for  **  transcontinental  geodetic  work."  From  this  date  to  the  completion  of  the  general 
field  work,  regular  annual  appropriations  were  made.  The  total  cost,  from  1871  to 
18732 — No.  4 2  17 
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1897,  exclusive  of  salaries  of  officers,  was  approximately  $500  000,  giving  an  average 
expenditure  of  about  $20  000  yearly. 

The  cost  per  mile  of  progress  was  least  in  Maryland  and  Delaware,  being  $103, 
and  greatest  in  California,  where  it  was  $463.  The  average  expense  of  occupying  one 
station  was  $598  in  the  former  case  and  $9  031  in  latter.  The  cost  per  square  mile  of 
territory',  strangely  enough,  however,  is  greatest  in  a  flat  country,  where  short  lines 
are  necessary.  The  work  in  Indiana  and  Illinois  cost  $11  per  square  mile,  where  the 
average  cost  per  point  was$i  725,  while  that  in  Colorado  cost  about  $2,  where  the  cost 
of  occupying  each  station  was  $6  131. 

The  immediate  results  are  these:  Sixteen  States  are  given  fundamental  and  per- 
manent points  on  which  all  their  subsequent  surveys  may  be  based.  The  longest  arc  of 
a  parallel  ever  undertaken  by  any  single  government  has  been  completed,  and  valuable 
material  has  been  supplied  for  a  more  exact  determination  of  the  earth's  size  and  shape. 
Precision  in  scientific  work  has  been  substantially  increased  during  the  period  mentioned, 
and  improvement  in  the  field  methods  has  been  marked  in  the  base  measures,  in  the 
triangulation,  and  in  the  astronomical  determinations.  In  fact,  the  progress  of  this 
work  has  kept  pace  with  the  progress  of  geodesy.  Since  the  inception  of  the  work,  and 
growing  out  of  its  prosecution,  great  strides  have  been  made  in  point  of  rapidity  and 
accuracy.  New  methods  have  been  introduced,  consequent  upon  the  gigantic  scale  of 
the  operations.  Astronomical  results  obtained  at  an  altitude  of  14  000  feet  require 
special  treatment  on  account  of  changed  conditions  in  attractive  and  centrifugal  forces. 
Horizontal  angles,  if  the  stations  are  extremely  elevated,  are  sensibly  different  from 
what  they  would  be  at  the  level  of  the  sea.  The  ordinary  formula  for  spherical  excess 
must  be  extended  to  meet  the  demands  of  the  great  triangles  from  Pikes  Peak  to  the 
Sierra  Nevada.  The  laws  of  refraction  applicable  at  lower  and  equal  elevations  require 
modification  when  great  inequalities  exist  in  the  heights  of  stations.  The  calculation 
of  geographical  positions  enters  a  new  phase  when  lines  of  sight  182  miles  long  are  to  be 
dealt  with.  The  adjustment  of  the  triangulation — that  refined  operation  by  means  of 
which  incongruous  observations  are  made  to  blend  harmoniously  according  to  the  mathe- 
matical theory  of  probabilities — assumes  greater  significance  in  a  chain  of  2  600  miles  of 
continuous  geometrical  figures.  The  nature  of  the  country  traversed  has  developed  new 
ideas  in  signals  and  tripods.  The  mounting  of  an  instrument  152  feet  above  the  ground, 
and  tl>e  erection  of  an  observing  pole  to  a  height  of  275  feet,  are  features  hitherto 
unknown  in  similar  work.  For  the  first  time  corrections  have  been  introduced  for  the 
variations  of  latitude.  The  present  volume,  therefore,  marks  an  epoch  in  the  annals  of 
the  Coast  and  Geodetic  Sur\'ey,  and  the  completion  of  this  great  arc  may  be  fittingly 
called  one  of  the  historic  events  in  the  progress  of  geodesy. 

The  method  of  treatment  and  the  general  results  may  be  briefly  stated  as  follows: 
Each  base  net  was  first  adjusted  separately.  This  gave,  at  intervals  along  the  arc,  cer- 
tain lines  whose  lengths  depend  more  directly  upon  measurement,  and  which  were 
regarded  as  absolute.  The  triangulation  intervening  between  any  two  adjacent  figures 
thus  established  was  treated  by  the  method  of  least  squares,  so  as  to  reconcile  discrep- 
ancies between  the  fixed  values  and  those  resulting  from  the  angular  measurements 
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connecting  them.  The  operation  thus  far  gave  a  connected  homogeneous  system  of 
figures  throughout,  and  opened  the  way  for  the  final  computation  of  the  individual 
geogpraphical  positions. 

In  order  to  determine  standard  data  to  which  the  entire  arc  should  refer,  a  first 
preliminary  reduction  was  made.  This  gave  provisional  values,  which  were  afterwards 
corrected  so  that  the  average  discrepancies  between  the  computed  positions  and  those 
determined  by  astronomical  observations  should  be  as  small  as  possible. 

Latitude  was  observed  at  109  stations,  azimuth  at  73,  and  longitude  at  37.  The 
average  local  deflection,  irrespective  of  sign,  in  the  plane  of  the  meridian,  from  51  lati- 
tude comparisons,  was  about  2" '4,  and  those  in  the  prime  vertical  may  be  assumed,  in 
general,  to  be  of  equal  magnitude.  After  rejecting  values  which  were  clearly  inadmis- 
sible on  account  of  local  configuration,  the  following  corrections  were  made  to  the  posi- 
tions first  adopted:  In  latitude  —  o"'64  and  in  longitude  +o"'37.  No  change  was 
required  in  the  provisional  azimuth. 

The  discrepancies  between  the  positions  deduced  through  triangulation  and  those 
determined  astronomically  may  result  from  deflections  of  the  plumb  line  or  from  the 
fact  that  the  geometrical  figures  are  developed  on  a  spheroid  whose  dimensions  are  dif- 
ferent from  those  of  the  actual  earth.  Moreover,  the  deflections  ma3'^  be  local,  as  when- 
caused  by  mountains,  valleys,  etc. ,  or  they  may  extend  over  great  areas,  where  a  change 
of  density  in  the  earth's  crust  is  the  underlying  cause.  As  far  as  the  present  measures 
go,  the  curvature  of  the  North  American  Continent  along  the  39th  parallel  seems  to  be 
intermediate  between  that  of  the  Bessel  and  the  Clarke  spheroids.  The  accuracy  of  this 
deduction  is  evident  from  the  fact  that  the  probable  error  of  the  measured  length  of  the 
total  arc  (4  224  kilometres)  is  only  26  metres,  whereas  the  difference  between  the  arc 
of  a  parallel  in  latitude  39°  on  the  Clarke  and  on  the  Bessel  spheroids  is  615  metres. 

It  would  be  well-nigh  impossible  to  give  credit,  in  exact  proportion  to  the  ser\dce 
rendered,  to  all  persons  who  have  contributed  to  the  accomplishment  of  this  task.  Pre- 
eminent on  the  list  stands  the  name  of  C.  A.  Schott,  who  has  been  in  active  service  in 
this  Bureau  for  more  than  fifty  years.  He  has  had  charge  of  all  the  computations,  and 
the  present  report  on  the  work  stands  substantially  as  it  came  from  his  hands.  Assist- 
ance in  the  computations  was  given,  principally,  by  M.  H.  Doolittle,  E.  H.  Courtenay, 
D.  L.  Hazard,  and  J.  F.  Hay  ford.  The  volume  was  edited  by  E.  D.  Preston,  assisted 
by  A.  F.  Belitz. 

Prominent  among  the  officers  who  had  charge  of  the  field  operations,  and  w^ho  are 
here  arranged  in  the  order  of  linear  distance  covered  by  their  trigonometrical  operations, 
appear  the  following:  W.  Eimbeck,  F.  D.  Granger,  A.  T.  Mosman,  G.  A.  Fairfield, 
F.  W.  Perkins,  G.  Davidson,  and  O.  H.  Tittmann. 

The  following  table  is  believed  to  contain  the  names  in  alphabetic  order  of  all  the 
officers  in  the  regular  ser\ace  who  took  part  in  the  operations.  The  year  in  which  the 
observations  were  made  and  the  character  of  the  work  executed  by  each  officer  are  also 
shown: 
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Note. — .\stronomical  observations,  whether  for  latitude,  longitude,  or  azimuth,  are  indicated  by  *. 
Triangulation,  includincf  reconnoissance,  base  lines,  and  horizontal  angles,  is  denoted  by  ' 
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Hypsometry,  either  by  means  of  the  spirit  level  or  vertical  angles,  is  shown  by  H. 
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The  present  addition  to  the  literature  oft  geodesy  will  ever  remain  of  value,  and  will 
doubtless  take  its  place  among  the  epoch-making  contributions  to  the  subject. 

Although  the  influence  of  this  arc  in  the  determination  of  the  earth's  figure  is  one 
of  its  cardinal  virtues,  the  work  will  exercise  its  full  power  and  accomplish  its  complete 
purpose  only  when  combined  with  an  arc  now  being  measured  on  the  ninety-eighth 
meridian,  and  which  will  ultimately  traverse  Mexico,  the  United  States,  and  the  British 
possessions.  When  this  great  counterpart  of  the  triangulation  along  the  thirty-ninth 
parallel  shall  have  been  measured,  and  the  results  of  the  two  have  been  combined, 
we  shall  be  in  possession  of  sufficient  data  to  define  a  surface  of  the  country  which,  in 
the  present  state  of  exact  measurements,  may  be  considered  a  finality. 

Henry  S.  Pritchett, 

Superintendent, 
United  States  Coast  and  Geodetic  Survey, 

Superintendent's  Office^  Apfil,  igoo. 


PRELIMINARY  STATEMENT. 


I.    LOCATION,    SCX)PB,    AND    PURPOSE    OF    THE    TRANSCONTINENTAL    TRIANGULATION. 
WITH  HISTORICAL  NOTES  AS  TO   ITS   INCEPTION  AND   PROGRESS. 

This  transcontinental  triangulation  and  measure  of  an  arc  of  the  parallel  extends 
from  Cape  May,  New  Jersey,  on  the  Atlantic  coast,  in  longitude  74°  55''8,,to  Point 
Arena,  California,  on  the  Pacific  coast,  in  longitude  123**  41' '8.  The  intervening 
distance  is  about  4  225  kilometres,  or  2  625  statute  miles,  corresponding  to  48**  46' "o  of 
longitude. 

Its  terminal  points  are  near  Cape  May  and  Point  Arena  light-houses,  which  are  in 
latitudes  38°. 55' '9  and  38°  57' *3,  respectively. 

The  desirability  and  necessity  of  uniting  the  main  triangulations  along  the  eastern 
and  western  coasts  of  the  United  States  must  have  impressed  itself  upon  the  minds  of 
those  engaged  in  the  work.  It  was  recognized  that  such  a  connecting  bond  was 
demanded  in  order  that  these  separate  parts  might  be  made  to  depend  upon  the  same 
geodetic  and  astronomic  data.  By  this  means  only  could  the  unity  and  consistency  of 
the  work  of  the  Survey  be  secured;  besides,  it  was  apparent  that  any  proposed  surveys 
of  States  lying  in  the  path  of  the  connection  or  adjacent  thereto  could  at  once  be  based 
upon  the  same  standard  data,  thus  securing  uniformity  and  accuracy  for  the  whole 
work.  An  operation  of  this  character  could  not  well  be  undertaken  by  separate  State 
action,  since  it  would  involve  too  many  contingencies  respecting  uniformity  of  treatment 
and  of  timely  cooperation.  Its  execution  was  therefore  properly  intrusted  to  the  Coast 
and  Geodetic  Survey  as  one  of  its  functions. 

Besides  its  immediate  practical  benefit  of  providing  a  tier  of  interior  States  with  a 
nucleus  of  systematic  triangulation  at  once  available  for  the  extension  of  surveys  over 
adjacent  areas  and  furnishing  geographic  positions  within  these  extended  limits,  the 
measure  has  a  much  higher  value  from  a  scientific  standpoint.  It  is  a  considerable 
contribution  toward  those  data  of  which  geodesy  must  avail  itself  for  the  more  exact 
determination  of  the  earth's  shape  and  size.  For  this  and  kindred  measures  an  addi- 
tional stimulus  was  given  in  1889,  when  the  United  States  became  a  member  of  the 
International  Geodetic  Association  for  the  measurement  of  arcs  and  for  the  special  duty 
of  investigating  the  geoid  or  deformed  physical  surface  of  the  earth  as  contrasted  with 
that  of  a  mathematically  defined  figure. 

The  initial  step  toward  the  accomplishment  of  the  measure  was  taken  by  Superin- 
tendent Benjamin  Peirce.  Under  date  of  February  7 ,  1 87 1 ,  he  asks,  in  his  annual  report 
to  Congress  for  the  year  1870  (page  7),  for  a  specific  appropriation  for  this  object. 
On  page  4  of  that  report  we  find,  **A  new  item  is  proposed  in  the  estimates,  small 
in  amount,  but  of  inestimable  importance  to  the  scientific  accomplishment  of  the 
Survey.*'     Speaking  of  the  geodetic  connection  between  the  Atlantic  and  Pacific  coasts. 
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he  remarks:  **  It  will  give  to  the  National  Government  and  incidentally  to  the'  several 
States  the  best  possible  basis  for  all  accurate  surveys  which  may  hereafter  be  required.'* 
Ground  was  broken  in  July,  187 1,  in  the  vicinity  of  St.  Louis,  Missouri,  by  laying  out 
a  triangulation  extending  to  the  eastward  and  westward  of  that  city  and  providing  for 
a  base  line  and  astronomic  measures.  It  was  also  evident  that  part  of  the  operations 
already  carried  out  by  the  Survey  in  central  California  during  nearly  twenty  years  could 
be  utilized  or  incorporated  into  the  arc  measure;  likewise  at  its  eastern  end  it  was 
expected  that  some  part  of  the  very  much  older  triangulation  with  its  astronomic 
measures  would  be  included. 

Since  the  year  1871  the  work  has  been  continued  under  the  several  superintendents. 
Although  the  annual  accretions  were  small,  owing  to  the  meager  appropriations  allotted, 
it  can  be  said  that  at  the  close  of  the  year  1896  the  measure  of  horizontal  angles  of  the 
triangulation  was  completed.  The  last  of  the  base  lines  was  measured  in  1897,  but 
the  determination  of  heights  of  the  Rocky  Mountain  stations  yet  demanded  certain 
measures  of  zenith  distances  and  spirit  levels,  which  were  supplied  in  1898.  In  the  same 
year  the  last  of  the  astronomic  longitude  determinations  was  made.  The  reduction  of 
the  observ^ations  and  the  preliminary  computation  of  positions  were  kept  abreast  with 
the  field  work,  but  some  unavoidable  delay  in  the  final  adjustment  and  preparation  for 
the  press  occurred  in  consequence  of  the  late  supply  of  the  height  measures  required  for 
reducing  two  of  the  principal  base  lines  to  the  sea  level. 

The  accompanying  map  A  (in  pocket),  on  a  scale  of  T-TrTri-7nnr»  lias  been  specially 
designed  to  give  at  a  glance  a  general  view  of  the  location  and  comparative  extent  of 
the  triangulation  connecting  our  east  and  west  coasts.  It  exhibits  by  contrast  of  color 
the  base  nets  and  the  intervening  chains  of  triangulation,  and  by  their  variation  in  width 
it  indicates  the  dependence  of  the  size  of  the  triangles  on  the  hypsometric  features  of 
the  country.  On  map  B  (in  pocket)  is  shown,  by  means  of  the  simple  conventional  signs 
adopted  on  the  Survey,  the  number  and  distribution  of  the  astronomic  stations  whether 
for  longitude,  latitude,  or  azimuth. 

In  connection  with  the  measure  of  this  arc  of  the  parallel  it  may  not  be  out  of 
place  here  to  direct  attention  to  the  report  of  the  Geodetic  Conference  of  January  and 
February,  1894,  convened  by  Superintendent  T.  C.  Mendenhall.  (Appendix  No.  9, 
Coast  and  Geodetic  Survey  Report  for  1893,  Part  II,  specially  pp.  360-363.)  Reference 
will  be  found  therein  to  other  arcs  measured  either  by  the  United  States  I^ke  Survey 
or  by  the  Coast  and  Geodetic  Survey.  The  measures  of  the  great  meridional  arc  in 
longitude  98®  west  of  Greenwich  were  commenced  in  1897.*  This  proposed  arc  may  be 
considered  as  complementary  to  the  arc  of  the  parallel,  one  giving  a  measure  of  the 
curvature  in  a  north  and  south  direction,  the  other  in  an  east  and  west  direction,  thus 
affording  within  the  Hmits  of  the  country  the  means  for  determining  an  osculating 
spheroid  closely  approximating  to  the  curvature  of  the  earth's  surface.  The  first  half 
of  the  current  year  (1898)  also  saw  the  completion  of  the  measures,  geodetic  and  astro- 
nomic, of  the  great  oblique  arc  stretching  from  Calais,  Maine,  at  the  Canadian  boundary 
to  west  base,  Dauphin  Island,  Alabama,  on  the  Gulf  of  Mexico,  thence  to  New  Orleans, 
Louisiana,  a  length  of  23°  31',  or  2  612  kilometres  or  i  623  statute  miles. 

*  Reconnaiaance  was  made  in  the  preceding  year. 
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2.    SUBDIVISIONS    OF    THE     CHAIN    OF    TRIANGULATxON   AND    THEIR     DISTINGUISHING 

CHARACTERISTICS. 

The  contrast  in  the  physical  features  along  the  arc  of  the  thirty-ninth  parallel  is  so 
well  pronounced  as  conveniently  to  mark  out  for  general  description  three  subdivisions, 
which  moreover  demand,  in  part  at  least,  different  mathematical  treatment  in  the  reduc- 
tion of  the  obser\'ations.  These  subdivisions  are  designated  the  western,  the  central, 
and  the  eastern  sections. 

The  western  section  is  characterized  by  the  great  altitudes  of  its  stations  and  the 
unusually  large  size  of  its  triangles,  many  of  the  sides  being  over  160  kilometres,  or 
100  statute  miles  in  length.  The  triangulation  crosses  the  Coast  Range,  the  Sierra 
Nevada,  the  Wasatch  Range,  and  the  main  ridge  of  the  Rocky  Mountains,  with  many 
of  its  stations  more  than  3  kilometres,  or  nearly  2  statute  miles,  above  the  level  of  the 
ocean.  The  total  linear  development  between  Point  Arena  on  the  coast  and  Big  Springs 
off  the  eastern  flank  of  Pikes  Peak,  Colorado  (as  projected  on  the  parallel  of  39°)  is 
nearly  i  685  kilometres,  or  i  047  statute  miles. 

The  central  section,  which  extends  from  Big  Springs,  Colorado,  eastward  as  far  as 
St.  Louis,  Missouri,  over  a  distance  of  about  i  217  kilometres,  or  756  statute  miles 
(measured  on  the  parallel  of  39°),  partakes  of  the  very  opposite  character  from  its 
neighbor  with  respect  to  width  of  development  or  average  length  of  sides.  The  latter 
is  but  27*3  kilometres,  or  17*0  statute  miles,  and  is  therefore  a  minimum  value.  This 
feature  was  imposed  upon  it  by  the  general  flatness  of  the  great  plain  which  lies  between 
the  eastern  slope  of  the  Rocky  Mountains  and  the  Mississippi  River,  descending  ven* 
gradually  from  about  i  800  metres  (5  900  feet  nearly)  to  about  135  metres,  or  443  feet, 
above  the  sea  level.  As  a  rule  the  theodolite  was  mounted  on  tripods  or  scaffolds  in 
order  to  overcome  the  earth's  curvature  and  keep  the  line  of  sight  suflBciently  elevated 
above  the  ground. 

The  third  or  eastern  section  differs  from  the  others  by  its  small  but  diversified 
hypsometric  features  being  composed  of  plains,  low  hills,  and  mountain  ranges. 
Where  the  triangulation  traverses  the  Alleghenies  altitudes  exceeding  i  300  metres,  or 
4  265  feet,  are  met.  The  section  crosses  the  Chesapeake  and  Delaware  bays,  terminating 
at  the  capes  of  the  latter.  Its  total  (referred)  length  is  about  i  323  kilometres,  or  822 
statute  miles. 

The  triangulation  across  the  country  possesses  great  internal  rigidity  by  reason  of 
its  composition  throughout.  Either  quadrilaterals  or  central  figures  such  as  polygons 
formed  by  combination  of  triangles  compose  the  scheme,  while  its  length  is  supported 
by  10  base  lines  suitably  distributed. 

3.    GENERAL   STATEMENT   IN   REGARD   TO   THE   ASTRONOMIC   MEASURES. 

Respecting  the  astronomic  measures  there  are  109  stations  directly  connected  with 
the  triangulation  at  which  the  latitudes  were  determined  almost  exclusively  by  TalcotVs 
method.  These  observations  fall  between  the  years  1846  and  1898.  Eight  latitudes 
depend  on  other  than  Coast  and  Geodetic  Survey  authority.  Astronomical  azimuths 
were  obtained  at  73  of  the  trigonometric  stations  between  the  years  1849  and  1897.  A 
variety  of  methods,  suitable  to  the  circumstances  at  the  time,  were  employed  in  this 
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work.  On  account  of  local  deflections  of  the  vertical,  which  are  present  to  a  greater  or 
less  amount  at  all  stations,  the  value  of  an  arc  of  the  parallel  depends,  ceteris  patibus, 
largely  upon  the  number  of  subdivisions  or  component  arcs  which  together  make  up  its 
whole  longitudinal  amplitude.  There  are  37  astronomic  longitude  stations  not  ver>' 
unevenly  distributed  over  the  arc,  though  rather  crowded  in  some  places.  They  were 
determined  by  means  of  the  electric  telegraph,  and  are  either  part  of  or  depend  directly 
upon  the  general  telegraphic  longitude  system  of  the  United  States.  An  account  of 
this  system  is  contained  in  the  annual  report  of  the  Survey  for  1897,  Appendix  No.  2.* 
The  longitudes  were  determined  between  the  years  1869  and  1898.  The  stations,  in 
consequence  of  the  impracticability  of  establishing  wire  connections,  are  not,  as  a  rule, 
also  trigonometric  stations  in  the  main  series  of  triangles,  but  all  are  geodetically 
connected  with  the  nearest  triangulation  station. 


*An  abstract  of  this  paper  appeared  in  No.  412  (September  14,  1897)  of  Gould's  Astronomic  Journal. 
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I.  UNIT  OF  LENGTH,  BASE  LINES,  AND  BASE  NETS. 


(A.)  INTRODUCTION. 

In  this  first  part  of  the  exposition  of  the  measurement  of  the  arc  of  the  parallel, 
stretching  centrally  across  the  country,  will  be  presented  a  discussion  of  the  unit  of 
length  upon  which  its  whole  extent  is  dev'eloped.  This  is  followed  by  an  individual 
account  of  each  base  line  with  its  resulting  length  and  probable  error,  and  the  adjust- 
ment of  its  net  of  triangles  referring  the  base  to  a  principal  side  of  the  triangulation. 
The  methods  of  local  and  of  figure  adjustment  of  angles  and  sides  are  here  explained. 

(B.)  THE  UNIT  OF  LENGTH. 

I.    HISTORY   OF  THE   COMMITTEE   METRE   OF    1 799- 

The  unit  of  length  of  the  transcontinental  triangulation  is  the  metre.  Its  material 
representative  as  used  on  the  Survey  from  the  beginning  up  to  the  j^ear  1890  was  an 
iron  bar  standardized  at  Paris  in  1799  by  the  Committee  on  Weights  and  Measures. 
It  was  brought  to  America  in  1805*  by  F.  R.  Hassler  (afterwards  first  Superintendent 
of  the  Coast  Survey)  and- presented  by  him  to  the  American  Philosophical  Society  of 
Philadelphia,  and  later  placed  by  the  society  at  the  disposal  of  the  Coast  Survey.  Mr. 
Hassler  received  it  from  J.  G.  Tralles,  deputy  to  the  commission  from  the  Helvetic 
Republic.  It  was  made  by  Lenoir  at  Paris  and  is  one  of  16  metres,  of  which 
twelve  were  distributed  to  the  foreign  commissioners,  and  bears  among  other  distin- 
guishing marks  that  of  three  dots  ',-  It  is  an  end  metre  with  cross  section  9  by  27*5 
millimetres.  For  an  account  of  its  construction,  the  apparatus  employed,  and  method 
adopted  for  cutting  the  several  metre  bars  to  the  desired  length,  the  publications f 
given  below  will  be  found  to  contain  nearly  all  that  may  be  of  present  interest.  Its 
use  was  discontinued  after  the  receipt  in  November,  1889,  by  the  Government  of 
the  United  States  from  the  International  Bureau  of  Weights  and  Measures  at  Paris 
of  three  representative  platinum-iridium  bars  of  the  International  or  Prototype  Metre. 
Hence  part  of  the  triangulation  depends  for  its  length  on  the  Committee  Metre,  or 
CM.,  part  on  the  International  Prototype  Metre  and  part  through  adjustment  on 
both.  Under  these  circumstances  it  became  imperative  to  carefully  compare  these 
standards,  which  were  supposed  to  be  equal,  and,  if  different,  to  correct  the  length  of 


♦Pub.  Doc.  No.  299,  H.  of  Reps.,  aad  Congress,  ist  session,  Washington,  1832,  p.  6. 

t  Tran.sactions  American  Philosophical  Society,  Philadelphia,  Vol.  II,  new  series,  No.  XII.  **  Papers  on  various 
subjects  connected  with  the  Sur\'ey  of  the  Coast  of  the  United  States,"  by  F.  R.  Has.sler,  March  3,  1S20  (p.  253  in  par- 
ticular); United  States  Coast  Survey  Rejxjrt  for  the  year  1S67.  Appendix  No.  7  pp.  134-137;  Recherches  historiques  sur  les 
^lons  de  Poids  et  Mesures  de  robservatoire  et  les  appareils  qui  ont  servi  &  les  conslruire.    Par  M.  C.  Wolf.    Paris,  1882. 
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the  older  base  lines  depending  on  the  Committee  Metre  of  1799,  in  order  to  express 
their  length  and  that  of  the  whole  triangulation  in  terms  of  the  International  Proto- 
type Metre. 

In  attempting  to  determine  their  relative  length,  two  diflficulties  presented  them- 
selves— one  due  to  the  demand  of  modem  science  for  greater  accuracy  and  better  defi- 
nition than  was  the  case  a  century  ago,  and  the  other  due  to  a  slight  yet  perceptible 
deterioration  of  the  end  surfaces  of  the  iron  metre  by  oxidation  and  by  wear.  It  was 
hoped  that  the  length  of  this  metre  could  become  known  with  no  greater  probable  error 
than  one  micron.  An  error  of  one-millionth  part  of  the  length  would  produce  one  of 
4*2  metres  in  the  width  of  the  country  in  latitude  39*^  and  would  be  a  negligible  quan- 
tity in  comparison  with  the  inevitable  errors  introduced  through  the  triangulation. 

2.    THE  COEFFICIENT  OF  EXPANSION  OF  THE  IRON  COMMITTEE  METRE,  OR  /*C.M.*'. 

There  is  no  information  of  a  special  determination  of  the  coeflScient  of  expansion  of 
this  metre  by  the  committee  of  1799.  The  average  value  for  the  several  metres  was 
11*56  X  io~*.  A  direct  determination  made  at  Newark  by  F.  R.  Hassler  in  18 17*  gave 
him  o'ooo  006  963  5  for  Fahrenheit's  scale  or  the  value  for  the  centigrade  scale  of 
12 '534  X  io~*.  This  rather  large  value  was  supposed  due  to  the  method  employed, 
which  would  now  be  characterized  as  crude.  The  result  was  not  adopted  on  the  Survey, 
but  the  committee's  value  was  employed  instead  up  to  about  the  year  1881,  when  an 
elaborate  series  of  observations  was  made  by  Assistants  C.  A.  Schott  and  H.  W.  Blair 
at  the  Survey  office  in  connection  with  the  work  of  standardizing  a.  new  5-metre  bar. 
During  these  observations  the  CM.  and  5  other  metres  were  immersed  in  a  bath  of 
glycerin,  the  temperature  of  which,  when  steady,  was  found  by  means  of  standard 
thermometers.  The  ends  of  the  bars  protruded  slightly  beyond  rubber  diaphragms 
placed  tightly  in  holes  piercing  the  ends  of  the  trough,  which  was  then  brought  between 
two  Bessel-Repsold  screw  spirit-level  comparators.  The  range  of  the  temperature  of 
the  glycerin  and  immersed  bars  was  between  4°  and  38°C.  (39°  and  100°  F.).  The 
results  from  the  several  series  were  as  follows  : 


Expansion 
for  1°  F. 

1880,  Dec.  23-24 

6-576/< 

27-29 

6-603 

1881,  Jan.     3-8 

6-613 

2-3 

6  508 

4-5 

6*495 

7-8 

6  -579 

16-17 

6-474 

Mean  6*550// 

±  14 
equal  to  1 1  -790  X  10-*  for  C.  scale 

±:  25 


Particulars  of  these  operations  will  be  found  in  Coast  and  Geodetic  Survey  Report 
for  1882,  Appendix  No.  7  (p.  124  in  particular). 

In  1888  and  1889,  Assistant  O.  H.  Tittmann  made  a  series  of  comparisonsf  for 


*  Trans.  Amer.  Phil.  Society,  Philadelphia.  Vol.  I,  new  series,  No.  XVI.  An  account  of  pyrometric  experiments 
made  at  Newark,  New  Jersey,  April,  1817.    By  F.  R.  Hassler. 

t  Coast  and  Geodetic  Survey  Report  for  1889,  Appendix  No.  6  :  "  The  relation  between  the  metric  standards  of  length 
of  the  United  States  Coast  and  Geodetic  Survey  and  the  United  States  l^ke  Survey."  By  C.  A.  Schott  and  O.  H. 
Tittmann,  Assistants,    pp.  179-197. 
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relative  lengths  of  the  United  States  Lake  Survey  Repsold  Metre  R.M.  and  the  com- 
mittee metre.  These  gave  in  connection  with  the  coeflScient  of  expansion  of  the 
R.M.  (as  finally  given  by  Dr.  Foerster,  viz:  10*654  X  io~*,  by  Lake  Survey  observa- 
tions. io'6i5  X  io~*,  and   by  International    Bureau   of  W.   and  M.,   io'563  X  io~*), 

db  II 

the   resulting  values,  in    combination   with  other   measures,  for  coeflBcient  of  R.M. 

10*606  X  io~*,  and   for  CM.   11*795  X  IO~^  a  value   practically  identical   with    the 

=b  25 

one  found  in  1880-81.  A  further  confirmation  of  this  value  was  had  through  the 
direct  comparisons  of  the  C.  M.  with  one  of  the  national  prototype  metres.  Mr.  L.  A. 
Fischer  obtained  between  July,  1894,  ^^d  May,  1895,  a  large  number  of  micrometric 
differences  between  the  length  of  the  CM.  and  of  the  N.P.M.  21.  These  obsen^ations 
were  made  in  a  vault  at  the  office,  in  which  the  temperature  was  varied  2iJ^°  C 
The  optical  method  was  employed,  varied  by  the  use  of  2  prongs  3  millimeters  distant 
on  each  side  of  the  axis,  the  bars  and  thermometers  being  under  glass  cover  on  the  com- 
paring carriage,  provided  with  the  necessary  adjustments.  The  details  of  the  process 
being  explained  farther  on,  it  suflSces  to  state  here  the  resulting  differential  expansion, 
viz:  ^=  +3*i23/i.  The  coefficient  of  expansion  of  the  N.P.M.  21  was  determined 
at  Breteuil,  viz:  +  8*665  X  Io-^  whence  the  coefficient  for  the  CM.  =  11*788  X  lo-*. 
Recapitulation  of  values  for  coefficient  of  expansion  of  the  CM.: 


1799 

II -sex  10-* 

1880-81 

1 1 790 

1888-89 

"795 

1894-95 

1 1 788 

Mean  adopted 

1 1 79 1  X  lo-** 

db       2 

(<    ^     «ir     " 


3.    THE   LENGTH   OF  THE  IRON   COMMITTEE   METRE,  OR     *  CM. 

From  the  particulars  given  by  F.  R.  Hassler*  respecting  the  construction  of  the 
original  metres  it  would  appear  that  the  aim  of  the  committee  was  to  secure  an  accuracy 
in  their  length  which  should  be  trustworthy  to  within  about  half  a  micron.  It  is 
further  stated  that  the  difference  in  length  of  the  temporarily  selected  standard  and 
metre  !•  or  the  CM.  was  two  ten-millionths  part  of  a  toise,  the  latter  being  the  shorter. 
If  this  was  correctly  understood  we  would  have  C.M,=  im  —  0*4//. 

In  1867  the  CM.  was  taken  to  Paris  for  direct  comparison  with  the  standards  pre- 
served there.  A  full  account  of  the  work  done  is  contained  in  Coast  Survey  Report  for 
i867.t  During  these  comparisons  the  respective  metres  were  immersed  in  melting  ice. 
The  measures  were  made  by  means  of  the  Silbermann  comparator  with  the  aid  of  two 
abutting  pieces.  The  resulting  length  of  the  CM.  arrived  at  makes  it  too  long  by 
3*36;^,  but  the  first  and  third  series  of  comparisons  show  rather  a  wide  difference,  and 
considering  that  so  few  series  of  comparisons  were  made  we  may  regard  the  result  as  a 
weak  one.     The  actual  operation  occupied  but  a  few  hours  of  August  24. 

•  Pub.  Doc-  No.  299,  pp.  75  and  77.  f  Report  for  1867,  Appendix  No.  7,  pp.  134-137. 

18732— No.  4 3 
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A  more  satisfactory  although  indirect  comparison  was  obtained  in  1889  *  through 
the  medium  of  what  is  known  as  the  Repsold  steel  metre  of  the  United  States  Lake  Survey, 
R.M.,  the  length  of  which  had  been  determined  at  Breteuil,  near  Paris,  in  January, 
1883.  The  CM.  being  an  end  and  the  R.M.  a  line  metre,  Assistant  Tittmann 
employed  the  optical  or  reflection  method  for  comparing  the  two  bars,  which  was 
effected  at  Washington  in  a  cold-storage  room  and  other  localities  between  September, 
1888,  and  March,  1889.  The  R.M.  is  otherwise  of  importance  through  the  fact  that  the 
length  of  the  Olney  base  line  in  Illinois  is  expressed  in  terms  of  it,  for  which  see  Report 
upon  the  Primary  Triangulation  of  the  United  States  Lake  Survey,  by  Lieut.  Col.  C.  B, 
Comstock.f  In  a  supplement  by  General  Comstock,  dated  February  28,  1885,  the 
length  of  R.M.  is  given  provisionally,  but  very  closely,  as  im  +  gj'Sipi  at  the  tempera- 

ture  of  melting  ice,  and  for  any  temperature  i  (centigrade)  there  is  to  be  added  10*615// 
but  in  the  1889  report,  p.  186,  the  preferable  value,  io"6o6  X  lo"*,  is  deduced  for  the 

±  25 
coefficient  of  expansion.     From  these  Washington  observations  we  derive 

R.M.  —CM.  =  84-28// —  1*1925  (/—  ii°*66) 

±•49        =t  425 
and  CM.  =  im  —  0*38// dc o"joJji 

Between  July,  1894,  and  May,  1895,  an  extensive  series  of  comparisons  before  alludea 
to  was  made  at  Washington  by  Mr.  L.  A.  Fischer,  of  the  Weights  and  Measures  Office, 
between  the  CM.  and  one  of  the  new  National  Prototype  Metres  known  as  N. P.M.  21, 
received  here  in  July,  1890.     The  latter  is  a  platinum-iridium  line  metre  of  length 

M  M 

IW  + 2 '5;/  + 8*665/+ 0001  oo^'»  ^s  standardized  at  Paris.     The  comparisons!  were 

±    -15 
made  in  the  office  comparing  vault  by  means  of  micrometer  microscopes  clamped  to  a  steel 

beam  as  support.  The  two  standards  were  placed  in  a  glass-covered  box  or  carriage 
and  were  supported  at  two  points  54  centimetres  apart,  with  Tonnelot  thermometers 
placed  on  their  upper  surfaces  in  contact  with  them.  The  carriage  rested  on  iron 
rollers  and  was  provided  with  all  necessary  adjusting  devices.  For  defining  the  ends  of 
the  CM.  the  optical  method  was  employed,  but  as  the  end  surfaces  are  less  perfect  in 
the  axis  of  the  bar  than  at  a  short  distance  from  it,  two  points  6  millimetres  apart  were 
placed  symmetrically  to  the  axis  to  admit  of  their  direct  and  reflected  images.  Illumi- 
nation was  secured  by  means  of  right-angled  prisms  placed  about  i  centimetre  below 
the  bar,  the  light  from  incandescent  lamps  being  thus  thrown  upward.  The  defining 
lines  of  the  N.P.M.  were  made  visible  by  throwing  the  light  upon  them  through  45^ 
prisms  placed  between  the  two  lenses  of  the  objectives  of  the  microscopes.  An  observa- 
tion consisted  of  the  following  operations:  I.  Reading  of  thermometer^.  2.  Pointings 
on  CM.  3.  Pointings  on  N.P.M.  4.  Pointings  on  CM.  5.  Reading  of  thermom- 
eters— the  whole  occupying  about  12  minutes,  during  which  time  the  thermometers 


*  U.  S.  Coast  and  Geodetic  Survey  Report  for  1889,  Appendix  No.  6.    *'  The  relations  between  the  metric  standards 
of  length  of  the  U.  S.  Coast  and  Geodetic  Survey  and  the  U.  S.  I«ake  Survey,  by  C.  A.  Schott  and  O.  H.  Tittmann, 

pp.  179-197. 

t  Professional  Papers  Corps  of  Engineers,  XJ.  S.  A.,  No.  34,  Washington,  1882. 

X  Not  yet  published. 
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rose  about  o®'i  C.  Following  a  regular  scheme,  the  bars  at  different  times  were  placed 
in  different  positions  with  respect  to  the  observer  and  microscopes.  The  temperature 
of  the  vault  ranged  between  2^ '7  and  24° '2  C.  The  96  individual  observations  when 
condensed  into  4  groups  gave  the  following  conditional  equations: 

M 
;c  +  22  •  34q>' =  69  •  71 

x+    7-442^=  23-71 

^+    3'747y=  "'68 
x+  10550;/=  3407 

whence  the  normal  equations 

4000^+    44079^=+    13917 
44079:^  +  678*908^=  +  2136-97 

hence  x=  +  o'38/i,  or  the  difference  C.  M.  —  N.  P.  M.  at  o®  C  and  ^  =  +  3  •  1 23//  or  the 
differential  expansion  per  degree  centigrade.  The  result  is  CM.  =  iw  +  2 -88/1  at  the 
temperature  of  melting  ice. 

The  preceding  4  determinations  not  being  as  accordant  as  desirable,  further  obser- 
vations were  undertaken  at  the  oflBce  by  Mr.  Fischer  and  also  by  Assistants  G.  R. 
Putnam  and  A.  Braid  between  January  17  and  March  3,  1896.  These  operations  dif- 
fered from  the  preceding  one  by  the  substitution  of  the  contact  piece  method  for  the 
reflection  method;  otherwise  the  conditions  were  the  same.  Since  no  publication  has 
been  made,  a  somewhat  more  full  description  will  be  given  here,  taking  the  same  from 
the  preface  as  given  by  Mr.  Fischer.*  Two  platinum  abutting  pieces  were  made,  con- 
sisting of  thin  disks  about  6*3  millimetres  in  diameter  with  their  central  areas  hollowed 
out  in  order  to  produce  a  ring  contact  about  the  axis  of  the  CM.  On  the  side  opposite 
the  contact  surface  there  was  a  ledge,  level  with  the  center  of  the  disk,  upon  the  hori- 
zontal surface  of  which  were  drawn  two  lines  parallel  to  the  axis  of  the  bar  and  a  fine 
perpendicular  line  about  o'8  millimetre  from  the  plane  of  the  disk  for  observation;  when 
under  comparison,  the  disks  were  held  by  light  springs  supported  by  a  collar  clamped 
about  the  ends  of  the  CM.  After  observation  had  been  made  in  one  position  the  end 
pieces  were  taken  off  and  their  abutting  surfaces  placed  in  contact  and  the  distance  of 
their  fiducial  Hues  measured.  After  this  the  end  pieces  were  again  put  on  the  metre,  its 
ends  having  been  reversed.  The  values  of  micrometers  Nos.  5  and  6  were  found  by 
measuring  the  millimetre  spaces  on  N.P.M.  21,  which  were  at  its  A  end  1008  •6/*  and 
at  its  B  end  997'o/i  apart.  The  value  of  i  turn  of  micrometer  No.  5  is  74*697/^  and  of 
No.  6,  75*982/*  (January  18  and  24);  differential  expansion  of  the  two  metre  bars 
3"  126/*  for  I®  C;  range  of  temperature  during  the  comparisons  between  0^*72  and 
5**  62  C;  corrections  were  applied  to  thermometers  Tonnelot  Nos.  4333  and  4334  for 
position  of  zero  point,  graduation  and  reduction  to  hydrogen  scale;  distance  of  lines  on 
disks  when  in  contact,  i627'32/<;  the  outer  lines  of  the  N.P.M.  having  been  observed, 
we  have  the  distances  i  to  2  =  4997/^,  and  5  to  6  =  493' gM- 

*  After  the  above  had  been  written,  a  pai>er  read  before  the  Philosophical  Society  of  Washington  on  May  28, 1898, 
by  Mr.  L.  A.  Fischer,  was  received.  It  is  entitled  "On  the  comparison  of  line  and  end  standards*'  (see  Bulletin  Vol. 
XIII,  p.  241,  andfol.).  The  result  (that  of  1896)  is  the  latest  on  record,  and  the  author  thinks  it  is  at  least  as  trust- 
worthy as  that  derived  from  the  optical  or  Fiseau  method. 
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Recapitulation  of  mean  values  for  each  observer. 

No.  of  series 

Corrected  temperature  of  CM. 
Corrected  temperature  of  N.P.M. 
Observed  micrometric  difference  of  length 
CM.  at  o°  C  shorter  than  i  m. 

Mean  length  =  \m  —  I'^ju  zbo'i/i. 

Summary  of  results  for  length  of  C.  M.  in  terms  of  the  P.  M, 


Fischer. 

Putnam. 

Braid. 

17 

9 

12 

4°*2IO 

4°-2i8 

2«-656 

4  -204 

4    237 

2  -672 

643  -071// 

642    692// 

638  •24o>u 

I  -36 

I   '55 

I  -14 

Year. 

Length. 

1799 

IW  —  0  •4>ii 

1867 

+  3*4 

1889 

-0-4 

1894-95 

+  2*9 

1896 

1*3 

Indiscriminate  mean  iw  4-o'8//  ±0*7/1. 


Scanning  these  results,  it  would  appear  that  they  represent  rather  irregularities  of 
the  surfaces  about  the  axis  than  measures  of  the  true  length  of  the  bar.  If  so,  equal 
weight  would  attach  to  them.  On  the  other  hand,  the  value  of  1867  rests  upon  a  very 
meager  number  of  observations,  on  which  account  less  weight  (one-half)  might  be  assigned 
to  it,  whereas  somewhat  greater  weight  (two)  might  be  given  to  the  1896  comparisons  by 
reason  of  the  great  care  bestowed  upon  the  measures  and  in  particular  on  the  determi- 
nation of  the  temperature  of  the  bars.     Applying  these  weights  we  get  the  length  of 

the  CM.  at  0°  C.  =  iw«  +  o'2/i.     The  probable  error  of  the  determination  being  much 

d=o-6/^ 

larger  than  the  difference  in  length  of  the  bar  from  one  metre,  we  may  take  the  CM. 

to  be  equal  to  the  prototype  standard  without  any  serious  error  and  with  a  probable 

uncertainty  of  about  three-quarters  of  a  micron. 

(C)    THE  LOCAL  OR  STATION  ADJUSTMENT  OF  HORIZONTAL  ANGLE 

AND  DIRECTION  OBSERVATIONS. 

The  abstract  of  resulting  directions  from  theodolite  measures  and  the  adjustment  of 
the  triangles  composing  the  base  nets,  together  with  the  computation  of  the  probable 
errors  of  resulting  sides,  demand  further  exposition  of  the  methods  employed. 

The  great  majority  of  the  angular  measures  were  made  in  series  with  different 
positions  of  the  circle.  These  are  called  direction  observations.  At  three  only  of  the 
base  nets  do  we  find  some  angular  measures  by  means  of  repeating  theodolites.  In  the 
latter  case  the  weights  introduced  will  depend  on  the  number  of  repetitions.  The  least 
square  adjustment  to  satisfy  the  conditions  among  the  measured  angles  generally 
proceeds  by  the  method  employing  correlate  equations.*  By  addition,  the  adjusted 
angles  are  referred  to  an  initial  direction  and  the  results  given  in  the  abstracts  are  in 
the  order  in  which  azimuths  are  counted  (i.  e.,  clockwise).     For  some  of  the  base  nets 


*  The  process  is  so  well  understood  as  to  need  no  further  remarks :  reference  may  be  made  to  T.  W.  Wrights' 
Treatise  on  the  Adjustment  of  Observations,  New  York,  1884,  Chapters  IV,  V,  and  Part  of  VL 
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the  station  abstracts  include  a  column  giving  rough  values  of  probable  errors  of  the 
respective  directions,  which  were  not  in  all  cases  computed,  and  had  heretofore  been 
made  use  of  only  in  one  instance — that  of  no.  - 

the  Yolo  Base  net,  as  will  be  explained 
further  on. 

I .    GENKRAI,  DISCUSSION  FOR  LOCAL  ADJUST- 
MENT OP  DIRECTION  OBSERVATIONS.* 

**  Let  O  be  the  station  occupied  and 

I,  2,  3,    the  stations  sighted  at  in 

order  of  azimuth.  Let  some  one  direction, 
as  O I,  be  selected  as  the  zero  direction,  and 

let  A,  B, denote  the  most  probable 

values  of  the  angles  \yhich  the  directions 
of  the  different  signals  make  with  this  di- 
rection." 

In  the  first  series  of  readings  let  X^  de- 
note the  most  probable  value  of  the  angle 
between  the  direction  defined  by  the  zero 
of  the  limb  of  the  instrument  and  the  direc- 
tion  Oi.     Let  Ml,    Ml\  Ml'\  denote  the  readings  of  the   limb   on  signals 

I,  2,  3,  

Then  for  the  first  series  of  readings  we  may  write  the  following  observation  equa- 
tions, one  for  each  reading:  f 


K     -  m: 

X^  +  A-  Ml* 
X^+B-Ml'^ 


=  v. 


ft 


ftt 


Similarly  for  the  second  series  of  readings  we  may  write 

x,+a-m:'  =v:' 

X^+B-  M'"  =  vi 


tft 


(I) 


and  so  on,  for  all  the  series. 

The  number  of  observation  equations  is  equal  to  the  number  of  readings  (signal 
sightings)  at  the  station,  and  is  designated  by  n. 

The  subscript  in  each  case  indicates  the  number  of  the  series,  while  the  superscript 
indicates  the  signal  sighted. 

The  unknowns  are  X^,  X^,X^, one  for  each  series,  and  A,  B,  C, ,  one 

for  each  direction  except  the  initial  direction.  The  total  number  of  unknowns  is 
J  +  flf—  I,  in  which  j  =  number  of  series  and  flr=  number  of  directions  (or  signals 

^  See  Wright's  Treatiae  on  Adjustment  of  Observations,  New  York,  1884,  pp.  315-320. 

t  The  essential  difference  between  direction  observations  and  at^le  observations,  from  the  point  of  view  of  least 
squares,  is  that  with  direction  observations  there  is  an  observation  equation  for  each  readings  while  with  angle  observa- 
tions there  is  an  observation  equation  for  each  angle  measured. 


38 


UNITED  STATES  COAST  AND  GEODETIC  SURVEY. 


sighted  upon).     Of  these  unknowns  it  is  important  to  note  that  the  X's  are   not 
required;  they  are  unknowns  introduced  by  the  method  of  observation.     A,  B,   C, 

are  the  required  unknowns,  and  the  solution  is  to  be  put  in  such  form  as  to 

give  only  these  unknowns  and  not  the  X's. 

To  insure  that  only  small  numerical  terms  shall  occur  in  the  solution,  let 


X9  =  M^'  -\-  x. 


A  =  A'^(A) 
B  =  B'  ^  {B) 


where  JkT',  M^,  ,  the  readings  upon  the  initial  direction,  are  taken  as  convenient 

approximate  values  of  X^,  X^, ;  and  A\  B ,  are  approximate  values  of 

A,B, 

Then  the  observation  equations  shown  in  ( i )  may  be  written 


in  which  mx'' 


Xx-^{A)- 

Xr-^(B)- 

•    •    • 


-Mr' 


=  Vx'' 


x,-\-{A) 
x.-\-{B) 


m/'  =z;/^ 


(2) 


A' 
B' 


m'''  =  M.^'^  -  M/  -  B' 


The  absolute  term  in  the  first  equation  of  each  group  is  necessarily  zero  (=  M!  —  M^, 

Let  the  weights  of  the  various  observations  be  //,  //', ,  p^, p", the 

subscripts  and  superscripts  having  the  same  meanings  as  before. 

Then  the  normal  equations  formed  from  the  observation  equations  shown  in  (2)  are 


[A]^. 


[A]^a 


-\-p,''{A)  -f  A'^^(^)  + -       [  A««a] 


-  [p'^'m'^'^ 


o 
o 

• 

o 
o 


(3) 


(4) 


Since  the  unknowns  x^,  x^,  x^ are  not  required,  we  may  eliminate  them  from 

the  full  set  of  normal  equations  shown  in  (3)  and  (4)  by  substituting  their  values  as 
derived  from  the  separate  equations  of  (3)  in  each  of  the  equations  of  (4).  The  result 
will  be  a  set  of  equations,  shown  in  symbolic  form  in   (5),  equal  in  number  to  the 

required  corrections  {A),  (B) and  from  which  (A),  (B) may  be  derived 

directly  without  resorting  to  the  long  set  of  equations  shown  in  (3)  and  (4), 


[aa](^)  +  [ab](B)  +  M(C) -[a/] 

[ad]{A)^\:dd](B)  +  ldc](C) -[*/] 

lac]{A)^[dc:\(B)~^lcc](C) -  [r/] 


o  1 

o 

o 


(5) 


*The  square  bracket  [  ]  is  used  as  usual  to  indicate  the  summation  of  similar  terms. 
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in  which  [ad]  =  IP"  ] 


(A")'      (/>.")= 


[W] 


[/.] 

(#/") 
[/"']-^ 


[A] 


///\» 


(A"') 


[A] 
(A^K//^')  __(p,")(p,'") 

[/.]  [A] 

(P^")i.P^"")  _  (P^")(P."") 

[A]  [>•] 


(6) 


The  symbols,  /,  representing  the  relative  weights  have  been  used  in  the  preceding 
equations  merely  to  keep  the  equations  in  a  convenient  general  form.  In  actually 
making  the  local  adjustment  all  observations  are  given  equal  weight,  and  the  various 
P's  are  all  called  unity.  It  is  known  that  observations  upon  some  signals  (which  appear 
distinct  and  steady)  are  more  accurate  than  others  (upon  signals  which  appear  unsteady 
or  indistinct).  But  the  diflSculty  of  properly  estimating  the  relative  weights,  and  the 
extra  labor  of  making  the  computation  after  they  have  been  introduced,  make  it  advis- 
able to  assign  equal  weights  to  all  observations.  The  actual  computation  of  the  coeffi- 
cients and  absolute  terms  in  (5)  is  therefore  much  less  laborious  than  would  appear  from 
the  forms  shown  in  (6).  This  computation  is  also  considerably  shortened  by  grouping 
together  all  series  in  which  every  one  of  the  {d),  signals  were  observed,  all  series  in 
which  (df  —  i)  signals  were  observed,  and  so  on.  Within  these  groups  subgroups  are 
also  arranged  comprising  series  upon  the  same  combination  of  signals. 

Under  equations  (5)  the  following  additional  check  equation  [oo\0  +  [pa]  {A)  -\- 

[pb^iB)  +  ioc-\C -M=o (7) 

may  be  written. 

This  equation  is  to  be  used  simply  to  furnish  checks.  In  form  it  bears  the  same 
relation  to  the  initial  direction  Oi  that  the  first  of  (5)  bears  to  the  direction  O2.     Thus 

(A')-     (A')" 


M  =  (A)-^-^ 


M  =  - 


(A')  (A")     (A')  (A") 


«  • 


M  = 


In  equations  (5),  as  thus  augmented  by  the  addition  of  equation  (7),  the  sum  of  the 
coefficients  in  each  vertical  column  is  zero.     For  example,  in  the  column  containing 

(A)   [aa]  +  [ab']  +  [ac\ +  [pa]  =  o.     Also  the  sum  of  the  absolute    terms 

[a/]  +  [bl]  +  [d]  + +  [ol]  —  o.    The  sum  of  the  diagonal  coefficients  [00]  + 

[aa]  -f-  [bb]  + =n  —  s=  number  of  observations  --  number  of  series,  when 

all  the/*-y  are  made  unity.  Also  the  sum  of  the  coefficients  in  formula  (7)  is  zero.  By 
writing  out  in  detail  the  literal  equation  corresponding  to  each  of  these  checks  it  may 
be  shown  to  reduce  to  an  identity  in  each  case.     Hence  the  numerical  checks  will  be 
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completely  satisfied,  except  for  the  small  effects  of  omitted  decimals,  if  the  computation 
is  free  from  mistakes. 

All  the  observations  having  been  given  equal  weight  the  rigorous  formula  for  the 
probable  error  ^  of  a  single  observation  of  a  direction  is 

^^ o_:455Z!^ ^      o'455^J°      ,g. 

No.  Obs. — No  Independent  Unknowns      n  —  s  —  d-\-  i 

(8)  gives  a  rigorous  determination  of  e  if  the  observations  upon  all  signals  are  actually 
of  equal  accuracy.  If  the  observations  upon  different  signals  are  of  different  degrees  of 
accuracy,  even  though  they  have  been  assigned  equal  weight,  (8)  will  furnish  an  average 
value  for  e. 

To  derive  f,  the  probable  error  of  an  adjusted  angle,  by  the  rigorous  method 
involves  so  much  heavy  computation  in  solving  the  various  weight  equations,  that  one 
is  forced  to  use  some  approximate  formula  for  computing  it. 

Although  observations  upon  different  signals  (different  directions)  have  been  given 
equal  weight  in  the  adjustment,  it  is  nevertheless  recognized  that  a  difference  of 
accuracy  exists  and  that  it  is  desirable  that  it  should  be  taken  into  account  in  computing 
the  probable  errors.  This  may  be  accomplished  to  a  certain  extent  by  making  the 
computed  probable  error  for  ieach  direction  depend  upon  the  residuals  from  that  direction 
only,  instead  of  basing  it  upon  the  whole  group  of  residuals. 

We  may  assume  that  e^,  the  square  of  the  probable  error  of  a  single  observation 
upon  signal  x,  is  to  e',  the  square  of  the  probable  error  of  the  average  single  observation, 
as  the  average  ^^  upon  signal  x  is  to  the  average  ^'  at  the  station,  i.  e., 

/» *      s       * 

Is.     =    IX (q) 

e*       I  ' 

n 

in  which  s^  is  the  number  of  sightings  upon  signal  x  and  the  subscript  of  the  upper  2 
indicates  that  the  summation  includes  only  the  A^'s  pertaining  to  the  direction  jr  which 
is  being  treated. 

If  (9)  is  solved  for  e'  and  the  value  of  ^  is  substituted  from  (8),  there  is  obtained 

If  all  signals  are  observed  in  every  series  at  the  station  then  n  —  sd  and  s  =  s^.  After 
substituting  these  values  for  n  and  s^  (10)  may  be  written 

-("^-i)(5-i) ^     ^ 

In  the  usual  case  occurring  in  practice,  in  which  not  all  of  the  signals  are  observed  in 
each  series,  n<isd  and  ^  >  s^,  and  the  transformation  from  ( 10)  to  ( 1 1 )  is  approximate. 
A  detailed  comparison  of  (10)  and  (11)  indicates  that  for  the  usual  case  in  practice 
(11)  gives  values  of  ^/,  which  are  slightly  too  small. 

Having  e^,  the  probable  error  of  a  single  observation  upon  signal  x,  the  rigorous 

expression  for  «,  the  probable  error  of  the  adjusted  angle  between  signal  x  and  the 

initial  signal,  is  given  by 

^'  =  e:Q (12) 


C 


e: 
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in  which  Q  is  the  reciprocal  of  the  weight  of  the  adjusted  angle  and  is  determined  from 
the  following  weight  equations  in  which  the  coefficients  are  identical  with  those  in  (3) 
and  (4). 

The  weight  equations  for  angle  A  (second  direction)  are 

i>j^.  +  p:'Qa+  prgB+ =  oi 

+  M^,         +  p:'Qa^  prqB+ =  o 


A'Vx  +A'V.  + +  l>"]i?. -1=  o 

prq.+prg.+ +l>'"]^«     =  o 


(13) 


A  similar  set  of  weight  equations  may  be  written  for  each  of  the  other  angles  B^ 
C in  turn. 

To  solve  each  set  of  weight  equations  of  the  form  indicated  in  (13)  by  the  usual 
method  of  elimination  is  so  heavy  a  task  that  an  approximate  solution  must  be  sought. 

The  following  procedure  furnishes  a  quick  solution  which  is  exact  when  all  series 
are  complete,  and  which  is  approximate  when  some  of  the  signals  are  omitted  from 
some  series. 

In  the  first  half  of  equations  (13)  change  all  signs — that  is,  multiply  each  term 
by  —  i;  multiply  the  equation  which  contains  the  absolute  term  —  i  by  +  2,  and  write 
the  remaining  equations  unchanged.     Equations  (13)  as  thus  modified  are: 

-  i>j^.  -p:'Qa  -prqs- =0 

-  [/jy,  -p:'Qa  -prgs- =0 


2A"7.+  2A"y,+ +2\J>"1Qa  -2  =  0 


Adding  together  all  the  equations  in  this  group,  remembering  that  the  subscript  in 
each  case  is  the  number  of  the  series  and  the  superscript  is  the  number  of  the  signal 
observed  upon,  and  that  each/  is  unity,  there  is  obtained  the  following  equations. 

If  all  series  are  complete^  the  addition  gives  * 

iP"]QA-2  =  0 

which  may  be  written 

sQa  —2  =  0 
whence,  without  approximation 

Q=i (H) 

On  the  other  hand,  if  some  of  the  series  are  ineomplete,  the  above  addition  gives 

±  y.  ±y,  ± +  \J>"'\Qa  -2  =  0 (15) 


•The  term  involving  ^i  disappears  in  the  addition,  because   2pt"  =  pi'  •{■  px"  (each  /  being  unity)  and  hence 
2/1"  +  Px'"  + =  [>i].    similarly  the  terms  involving  ^a,  ^3 disap];)ear. 
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in  which  the  coeflBcients  of  ^„  y, are  always  unity  or  zero.     The  coeflScient  will  in 

each  case  be  +  i  if  the  initial  signal  is  not  observed  in  the  series  in  question  while  the 
second*  signal  is  observed,  will  be  —  i  if  the  initial  is  observed  but  not  the  second 
signal,  and  will  be  zero  if  both  the  initial  and  the  second  signal  are  observed,  or  if  both 
are  omitted. 

The  form  of  equations  (13)  shows  that  the  various  q's  are  in  general  small  in 
comparison  with  Q,'  Also  [/]  will  in  general  be  much  greater  than  unity.  Hence  it 
will  be  a  close  approximation  to  drop  the  terms  d=  ^,  d=^, from  (15)  and  write 

whence,  as  before 

Q=^ (16) 

in  which  s^  is  the  number  of  series  in  which  the  signal  in  question  was  observed. 

Equation  (12),  after  introducing  the  value  of  e^'  from  (11)  and  Q  from  (14)  now 

becomes,  tf  ail  series  are  complete, 

2d  (0-455)  2  J' 

^-s{_d-i){s-i) ^^^^ 

From  equations  (6)  it  may  be  seen  that  the  diagonal  coefficient  in  each  normal 
equation  (5),  viz:   [««],  [W],  etc.,  when  all  series  are  complete,  is 

s  _  s  {d—  i) 


Hence  (17)  may  be  written 

2(0-455)  ^^^ 


B 


%  "v^  tsJO/        X 


(  ^  —  I )  (diagonal coefficient) 


(18) 


^  some  of  the  series  are  incomplete,  the  approximate  value  of  Q  from  ( i6)  instead  of 
(14)  must  be  substituted  in  (12),  whence  there  is  obtained  the  approximate  formula 

2rf(o-455)-^\^' 
,^(rf_x)(..-i)   (»9) 

Also,  approximately,  the  diagonal  coefficients  in  (5)  are 

*      d~'         d 
whence  (19)  may  be  written,  as  an  approximation, 

£•  = L(21455  )Z..^! ; ,20) 

(5,  —  I )  (diagonal  coefficient) 

Formula  (19)  is  evidently  somewhat  more  accurate  than  (20). 

To  sum  up,  formula  (20)  may  be  used  for  both  complete  and  incomplete  series  with 
the  understanding  that  it  is  exact  if  all  series  are  complete,  but  is  otherwise  approximate 
only.  In  this  formula  ^^^*  includes  only  the  ^^s  from  pointings  upon  the  particular 
signal  under  consideration,  s^\&  the  number  of  pointings f  upon  that  signal,  and  the 

*The  second  signal  being  the  one  which,  with  the  initial,  defines  the  angle  A, 

fThe  mean  of  two  pointings,  one  in  the  direct  and  one  in  the  reverse  position  of  the  telescope,  being  hereconnted 
as  one  pointing. 
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**  diagonal  coefficient'*  is  the  [aa]  or  Idd]  ....  of  the  normal  equation  (5)  corresponding 
to  that  signal. 

It  should  be  kept  clearly  in  mind  that  the  b  is  the  probable  error  of  the  ang/e 
between  the  signal  under  consideration  and  the  initial  signal.  When  for  use  in  the 
triangulation  the  angle  between,  say,  O2  and  O3  =  (-B  —  ^),  see  figure  p.  37,  is  required, 
it  should  be  noted  that  angles  A  and  B,  as  derived  from  the  adjustment,  are  not  inde- 
pendent. The  errors  due  to  erroneous  pointings  upon  the  initial  signal  are  common  to 
both  angles  and  are  canceled  out  from  their  difference.  Hence,  assuming  that  errors 
in  A  are  due  in  equal  parts  to  errors  in  pointing  upon  the  initial  signal  and  upon  the 
second  signal,  and  similarly  for  By  we  may  write 

The  following  portions  of  the  local  adjustment  at  the  station  Mount  Helena,  Cali- 
fornia, will  serve  to  illustrate  the  arrangement  of  the  numerical  work. 


Absirctci  0/  directions. 


1876. 


Assumed 
directions 


Arithmetic 
complement 


Oct.  II 
a.  m. 
Pes.  12 
Series  33 


Oct.  12 
a.  m. 
Pos.  13 
Series  36 


Marys- 
Diablo.      Mt.    Mt,  (E).    Mark.     ^^^      I^ola. 


Mt.       Table    Snow 


Az. 


Pine      Round   Monti- 
Hill.        Top.      cello. 


Vaca. 


o      / 

o  00 

// 
00  "O 


// 
00 'O 


// 

21  '64 
17-32 
19-48 
00-00 


33  43  208  37  225  16  265  31  281  54  303  14  305  18  306  46  340  03 


// 
57*2 


// 

44  7 


// 
49 '5 


14 '3 


// 
43*5 


10*2 


41 -I 


// 
02 -8 

00 -o 


15-3 
12-5 

00 'O 


ft 

10-5 

07-7 

55*2 


// 

45  7 
42-9 

30*4 


// 

16 -5 

137 
01  -2 


// 
49*8 
47  o 

34*5 


ff 
18-9 

16 -I 

03-6 


ff 
19-22 

15  56 

17*39 
00-00 

00 -oo 

ff 
19-67 
16-10 
17-88 
58-40 


ff 

07  39 
04-83 

06 -11 

48-72 

01  *22 


00  -00     01  *20 


ff 
II  -27 

09-71 

10-49 

53 'lo 
00-80 

ff 
15-27 
10*61 

12-94 

53  46 
03-96 


ff 
37-28 

32-43 
34*85 
17-46 
00-36 


ff 
16-2 


ff 

43*8 
41  -o 

28-5 


ff 

36-78 
35-01 

35-89 
18-50 

59  50 


ff 

44-3 


ff 

157 
12  -9 

00-4 


ff 
06  -02 

05-12 

05-57 
48  18 

01  -08 


ff 

ff 

ff 

31-79 

37-00 

05  39 

29*79 

35 -06 

05  55 

30-79 

36-03 

05*47 

II  "31 

16  55 

45*99 

01  -11 

00-35 

01  -69 

•  t  •  •  f 


tilt. 
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The  assumed  directions  A\  ^,  C were  taken  from  the  field  computation. 

The  arithmetical  complements  of  the  seconds  of  these  angles  are  to  be  used  to  trans- 
form subtractions  into  additions.  They  are  given  for  each  signal  in  turn  used  as  an 
initial. 

In  the  abstract  pro^r  two  series  only,  the  thirty-third  and  thirty-sixth,  are  here 
given  out  of  the  152  series  shown  in  the  original  computation.  The  first  line  gives  the 
seconds  of  the  mean  reading  of  the  three  microscopes  for  each  signal  sighted  with  the 
telescope  direct.  The  corrections  for  run  have  already  been  applied.  The  second  line 
gives  the  corresponding  readings  with  the  telescope  in  the  reverse  position,  when 
sweeping  back  over  the  same  signals  in  the  opposite  direction.  The  third  line  is  the 
mean  of  the  first  and  second.  The  fourth  line  is  derived  by  subtracting  the  first  value 
in  the  third  line  from  each  of  the  values  on  that  line.  The  fifth  line  is  derived  by 
adding  to  each  value  in  the  fourth  line  the  corresponding  arithmetical  complement 
from  the  table  shown.  The  values  on  the  fifth  line  are  the  w's  of  the  observation 
equations  (2).    To  avoid  negative  signs,  59*50  is  understood  to  be  equivalent  to  --o'5o. 

An  abstract  of  the  w's  is  next  made,  as  illustrated  below.  It  is  made  in  a  rearranged 
order  such  as  to  facilitate  the  formation  of  the  normal  equations  (5).  All  series  of 
pointings  upon  nine  signals  were  placed  in  the  first  group  (no  series  included  all  ten 
signals),  upon  etg'hi  signals  in  the  second  group,  and  so  on.  Also,  within  each  group 
all  series  involving  precisely  the  same  combination  of  signals  were  placed  together. 

Abstract  of  diminished  measures. 


No. 
Series. 

Mt. 
Diablo. 

Table      Snow 
Mt.       Mt.(E) 

Az. 
Mark. 

Marys- 
ville. 

Lola. 

Pine 
Hill. 

Round 
Top. 

Monti- 
cello. 

Vaca. 

Means. 

// 

// 

// 

// 

// 

// 

// 

36 

00 'CO 

01  '20 

03  96 

01  -11 

00  35 

01  -69 

+  1*385 

131 

00*00 

00 -08 

58*35 

59  62 

00-58 

59  50 

—0  -312 

33 

•         •    •    ■ 

00  "OO 

01  -22 

00 'So 

00  36 

59*50 

01  -08 

+0  -493 

Sums. 

00 'OO 

+0-98 

-f4-34 

-9-17 

-f-7'37 

— 12-00 

—  10-32 

3*54 

10-97 

—  15*00 

No. 

82 

60 

81 

122 

56 

54 

55 

50 

67 

56 

The  means  of  the  horizontal  lines,  as  given  in  the  last  column,  serve  to  furnish  the 
negative  terms  in  the  expression  for  [a  /] ,  equations  (6),  while  the  sums  of  the  columns, 

as  shown  at  the  bottom,  are  [fi"  w"] ,  [p'*'  w'"] , The  numbers  of  entries  in 

the  separate  columns,  as  shown  at  the  bottom,  are  [^']  [^"]  [^'"] ,  

The  normal  equations  corresponding  to  (5),  as  formed  from  this  abstract,  are  shown 
below,  together  with  the  checks  upon  their  formation. 
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Normal  equations. 


45 


(A-)          (B)          (O         (D)         (£)          (F)          (G)         (H)          (/) 

Abso- 

lute 

term. 

+47-828  -  4-8;4l   -  8-927  -  3-447  -  2-086  -  2-995  -  1-807  -  8-564  -  7-364 

+  3-086 

=0 

-  4-841  +62-893  -14 ■25a  -  6-198  -  9'227  -  5-786  -  6-639  -  4-701  -  3-368 

—  12-040 

=0 

-  8-927  -14-252  +90-251  -  8-591  —  8-148  -II-II5  -  6-534  —11-960  -  9-427 

-12-099 

=0 

-  3-447  -  6-198  -  8-591  +44-687  -  3952  -  5'4a4  -  4-53>  -  3"673  -  3'«90 

-  8 -ego 

j=0 

-  2-086       9-227  -  8-148  -  3-952  +41-540  -  3467  -  5'243  —  2-054  -  >-229 

+10-637 

=0 

-  2-995  -  5"786  -ii-:i5  -  5-484  -  3-467  +43-082  -  2-945  -  2-920  -  2-795 

-  0942 

=0 

-  1-807  -  6-639  -  6-534  -  4-531  -  5243  -  2-945  +39-328  -  2-283  -  1-750 

—  I  089 

so 

-  8-564  -  4-701  -11-960  -  3-673  -  2-054  -  2-920  -  2-283  +51-985  -  8-823 

+  7-764 

=0 

-  7-364  -  3368  -  9-427  -  3-190  -  1-229  -  2-795  -  1-750  -  8-823  +44-2'8 
[oa^          \ph\          [oc]          \od\         [oe]          [of]          [og:         \pk\          [oi] 

+"•542 

=0 

[o/J 

-  7*797  -  7'882  -11-299  -  5'62i  -  6135  -  5576  -  7597  -  7-007  -  6-273 

+  1-822 

Sums        o'ooo  —  o-ooi  —  0-002        o'ooo       0-000  —  o-ooi  —  O'OOI        cooo  --  o-ooi 

+   O'OOI 

\aa\ 

=  4-47  '828                                  [oa^  =  -    7  797                                 // 

[W] 

—  -f-  62  -893                                  [ob"]  ——   7-882            [A'\  —  -  0  -058 

\cc\ 

=  -|-  90  -251                                   [pc]  =  —  1 1  -299            [^]  =  -}-  0  -212 

\dd\ 

=  +  44-687                                  [«f]  =  -   5-621            [C]=-ho-i43 

un 

=  -f-4i-540                                  [(7^]=_    6-135            [Z>]=-f  0*223 
—  +  43  -082                                  [£?/]  —        5  -576            [£•]  —      0-159 
=  -f  39  '328                                  [pg']  =  -    7  "597            [^]  =  -h  0  -080 

Residuals 
from  normal 
equations. 

\_hK\ 

=  -f  51  '985                                 [ok]  =-   Tocyj           [G^]  =  4-  0  -077 

\ii\ 

=  4-44  -218                                 [ot]  =  —   6  -273            [//']  =  —  0  -129 

\od\ 

=  -h  65  •  187                                 [po-]  =4-65  -187            [/]    =  -  0  -230 

4-  152  -ooo  =  No.  of  series.                                           _ 

0  -000  =  Sum. 
—  683  -ooo  ^  No.  of  observations. 

-0-008 
4-  o  -027 

4-0 '002 

—  0009 
4-0-017 

—  o  'OI  7 

—  o  -013 

—  o  -025 
4- O-OOI 


—     o  -ooi  =  Sum. 

The  '* residuals  from  normal  equations'*  were  obtained  by  substituting  the  adopted 
values  for  (^A),  {B) in  the  normal  equations. 

The  values  of  {A),  {B) being  substituted  in  the  '*  abstract  of  diminished  meas- 
ures "  there  is  obtained  an  ''abstract  of  remaining  differences'*  written  in  precisely  the 
same  form.  In  this  latter  abstract  if  the  mean  of  the  horizontal  line  as  given  in  the  last 
column  is  subtracted  from  each  of  the  individual  values  in  that  line  the  difiFerences  are 
the  ^'s  from  which  the  probable  errors  are  computed  by  (20)  and  (21). 

A  portion  of  the  abstract  of  remaining  differences  and  of  the  abstract  of  values  of 
^  and  ^'  is  shown  below. 

Abstract  of  remaining  differences — Mount  Helena, 


No. 
Series. 

Mount 
Diablo. 

Table 
Mountain. 

Snow 

Mt.  (H). 

Az. 

Mark. 

Marys- 
%'ille. 

Lola. 

Pine 
Hill. 

Round 
Top. 

Monti- 
cello. 

Vaca. 

Means. 

36 

00 -oo 

01  -26 

03  -82 

01-03 

00-48 

01  -92 

OI  -42 

131 

00 -oo 

00*14 

58-21 

59*54 

0071 

59-73 

59  72 

33 

00 -06 

01  -OI 

00 -66 

00-14 

•        •   •  • 

59-63 

01  -31 

00-47 
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Abstract  of  values  of  A  and  J" — Mount  Helena, 


No. 
Series. 

Mount 
Diablo. 

A     A3 

Table 
Mount'n. 

A      Aa 

Snow 
Mt.(E) 

A      A3 

Az. 

Mark. 

A      A3 

Mar3rs- 
ville, 

A      A3 

I«ola. 
A      A3 

Pine 
Hill. 

A     A3 

Round 
Top. 

A      A3 

Monti- 
cello. 

A      A3 

Vaca. 
A     A» 

36 
i3> 

-I  42  20 
+   -28  01 

-   16  00 
+   42  0  2 

+2  40  58 
-I  51  2*3 

-•390-2 

—  •18  O'O 

-  94  0  9 
+  -99  I  0 

+  •50  0-3 
+  -oi  0  -0 

33 

—  "41   02 

+  •540-3 

-f    19  CO 

-•330-1 

-•840-7 

+  •84  0-7 

Sums . . 
No 

38-5 
82 

31-6 
60 

38 '4 
81 

64  9 
122 

32  ^8 
56 

33  4 
54 

34^9 
55 

23-1 
50 

43 '2 

67 

67-9 
56 

67-9    2  A»— 408-7 


Hence  the  probable  error  of  a  single  observation  of  a  direction  is  by  formula  (8) 

^^    /  o'455  -^  ^'    -    /    (o'455)  (4087)     -  ^q*^-^ 
y  n  —  s  —  d+  I       V  683—  152  —  10+  I 

The  probable  error  of  the  angle  between  Table  Mountain  and  Mt.  Diablo  is,  by 
formula 

( 20;,  e  -  V  (^^  _  ^^  (diagonal  coefficient)      V    (60)  (47-8)         ^ooioo-±.o    10 
similarly  the  probable  error  of  the  angle  between  Snow  Mountain  and  Mount  Diablo  is 


(81)  (62-9) 

By  formula  (21)  the  probable  error  of  the  angle  between  Table  Mountain  and  Snow 
Mountain  is 

V/^  (o'oioo  +  0*0069)  =  =*=  0*09 

In  case  of  the  adjustment  of  the  Yolo  Base  net,  already  referred  to  above  as  the 
only  one  where  special  weights  to  the  resulting  directions  from  station  adjustments  were 

introduced  in  the  net  adjustment,  these  weights  were  not  those  obtained  by  /  =-^  as 

I 
roughly  approximate  values,  but  they  were  modified  by  adding  to  the  respective  prob- 
able error  a  constant  one  depending  on  the  closing  of  the  triangles.  This  latter  probable 
error  is  shown  to  be  much  greater  than  the  above  f ,  and  the  effect  was  to  tone  down 
the  variations  in  the  respective  final  weights  to  the  directions.  In  connection  with  this 
it  may  be  noted  that  the  influence  of  weights  rather  diminishes  with  an  increased 
geometric  complexity  of  the  net.  For  particulars  of  the  treatment  of  the  Yolo  Base 
net,  see  Appendix  No.  9,  report  for  1885. 

The  value  of  e,  or  the  probable  error  (p.  ^.)  of  a  single  observation  of  a  direction  at 
a  station,  as  given  along  with  the  abstract  of  the  directions  at  the  station,  merely  serves 
the  purpose  of  giving  some  general  information  bearing  upon  the  accuracy  of  the  means 
employed. 
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(D.)  REDUCTION  OF  HORIZONTAL  DIRECTIONS  TO  SEA  LEVEL. 

The  resulting  directions  at  a  station,  as  given  in  the  abstracts,  still  need  a  small 
correction  to  reduce  them  to  what  they  would  have  been  had  the  object  observed  upon 
been  at  the  sea  level.  The  altitude  of  the  observing  station  and  the  distance  between 
them  does  not  enter  into  the  case ;  the  reduction  is  due  to  the  circumstance  that,  in 
general,  the  verticals  at  the  two  stations  are  not  in  the  same  vertical  plane.  The  cor- 
rection *  is  given  by  —  •  -  sin2a  .  cos"*^,  where  e"  =  — ^^ —  and  h  =  altitude  of  the  sta- 

2    p  a' 

tion  observed  upon,    p  =  radius  of  curvature  in  the  plane  normal  to  the  meridian, 

a  =  azimuth  of  the  line  (counted  from  south  around  by  west)  and  ^  =  latitude  of  place. 

With  log  e'  =  7*8305  and  log  p  =  6-8054  for  ^  =  39°  and  Clarke's  spheroid  (of  1866), 

and  dividing  the  expression  by  sin  i",  we  get  for  the  correction  in  seconds  and  the 

height  in  metres 

o"'ooo  066  sin2ar.^ 

This  correction  has  been  applied  systematically  to  all  measured  directions  of  the 
base  nets  and  intervening  triangulation  from  the  Salina  base  to  the  Pacific  coast,  but 
no  application  was  made  to  the  triangulation  east  of  Salina  base  on  account  of  the  lower 
altitudes  and  consequent  smallness  of  the  correction  in  this  part  of  the  arc.  In  com- 
parison with  the  magnitude  of  the  average  triangle  closing  error,  the  eflFect  of  omitting 
this  correction,  except  for  the  higher  altitudes,  seems  justified.  About  the  Salina  base 
stations  the  average  reduction  of  a  sight  to  the  sea  level  is  but  o"'02. 

The  probable  error  of  a  single  observation  of  a  direction  (^)  is  given  under  the  list 
of  directions  at  each  station  as  a  convenient  index  of  the  accuracy  of  the  observations. 
When  the  parenthesis  (Z>.  and  JR.)  is  used,  the  observations  were  made  with  a  direction 
instrument.  A  single  obser\'ation  of  a  direction  comprises  two  pointings  upon  the 
signal,  one  with  telescope  direct  and  one  with  telescope  reversed,  and  two  readings 
(forward  and  backward)  of  each  microscope,  of  which  there  are  usually  three,  for  each 
pointing,    f  is  computed  by  formula  (8)  shown  on  page  40. 

When  the  parenthesis  (6  D,  and  6  ^.)  is  used,  the  observations  were  made  with  a 
repeating  instrument  and  a  single  observation  0/  an  angle  comprises  12  pointings  upon 
each  of  two  signals,  6  with  telescope  direct  and  6  reversed,  and  3  readings  of  the  hori- 
zontal circle,  at  the  beginning  and  end  of  the  direct  measure  and  again  at  the  end  of  the 
reversed  measure.     The  quantity  given  is  the  probable  error  of  a  single  observation  of  a 

direction  (not  angle)  and  is  —j=  times  the  probable  error  of  a  single  observation  of  an 

angle. 

It  was  also  computed  by  the  formula  (8)  shown  on  page  40. 

The  parenthesis  (3  Z>.  and  ^  R.)  has  a  meaning  analogous  to  (6  Z>.  and  6  R.). 

(E.)  ADJUSTMENT  OF  BASE  NETS  OR  OTHER  TRIANGULATIONS. 

The  method  is  the  same  as  that  usually  employed  to  satisfy  the  geometrical 
conditions  of  a  triangulation  by  application  of  the  method  of  least  squares.  For  the 
sake  of  convenience  the  leading  formulae  referring  to  condition  observations,  together 


•  "Geodesy,"  by  Col.  A.  R.  Clarke,  Oxford,  1880,  p.  113. 
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with  those  for  the  computation  of  the  probable  error  of  a  function  of  the  adjusted 
quantities,  will  be  briefly  recapitulated  here.  * 

Suppose  we  have  given  as  the  direct  result  of  observation  the  m  quantities  l^l^l^. , , . 

which  are  connected  by  n  conditions.     Let  x^x^x^' be  their  most  probable  values; 

also  let  v^v^v^  ....  be  the  corrections  to  the  observed  values,  so  that  in  general  we  have 
jT,  =  /^  -f-  Vi;  remembering  that  necessarily  m^n  in  order  that  any  adjustment  may 
exist,  then  the  conditions  involved  may  be  expressed  by  n  equations,  of  linear  form, 
thus : 

o  =  a^  +  a^x^  +  a^x^  +  a^x^  + 

o  =  ^,  +  b^x^  +  b^x^  +  ^-^3  + 

o  =  r^  +  c^x^  +  c^x^  +  ^3-^3  + 


Introducing  the  observed  quantities  these  equations  will  not  be  satisfied,  but  will 
leave  the  discrepancies  w^w^w^ viz: 

o',  =  «o  +  ^lA  +  ^/,  +  ^3^3  + 

«'3=    ^0+    ^/x+    ^,<i+   ^3^3+   •••• 


where  the  sign  of  Wi  is  to  be  taken  in  the  sense  of  observed  value  minus  true  value. 
We  have  then  the  n  condition  equations: 

^i^«  +  ^2^a  +  ^3^3  + +  2«/^  =  O 

^,^1  +   ^.^,  +  ^3  + +  Z£^,  =  O 

C,V^  +   C^V^  +   ^3^3  + +  22^3  =  O 


Let/,  P^P^ be  the  weights  of  the  quantities  /,  /,  /, then  the  quantity  \J>,  vv\ 

must  be  made  a  minimum;  this  leads  to  the  equations  of  correlates  which  introduce  the 
multipliers  C^C^C^ as  yet  unknown.     These  correlate  equations  are : 

P.^\  =  «.C  +  ^c,  +  f,c;  + . . . . 

x^a    2  a      I     '         2     2     '        2     3     ' 


and  the  normal  equations  become 


[«_*Jc,+[f]c,+[^]c,+....+..  =  o 


♦  C/.~T.  W.  Wright's  Treatise  on  the  Adjustment  of  Obsen'ations,  New  York.  1884,  Chapter  V,  p.  213  and  fol., 
and  W.  Jordan's  Vermessungskunde,  Vol.  i  (1S88),  p.  104  and  fol. 
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which  may  be  written,  putting  fjL=  I'p 

+  i^^^cc]  C3  + +  2«;^  =  o 

*  1"  •  •  ■  • 

Solving  these  equations  the  values  of  d  become  known,  and  consequently  also  the 
values  of  Vi  and  Xi. 

The  mean  error  of  an  obser\''ation  of  unit  weight  is  given  by  m^  =  J-  where 

the  sum  [pvv]  is  found  by  means  of  the  individual  corrections  and  checked  in  the  case 
of  the  base  nets  by  the  relation  Ipvv]  =  —  [u^C] 

To  find  the  weight  and  probable  error  of  an  adjusted  value  of  an  observation,  also 
the  weight  Poi  any  function  of  the  adjusted  observations,  we  put 

which  function  can  not  contain  all  the  x*s,  but  only  i«  —  «  of  them. 
The  coefficients /<  are  found  by  partial  differentiation,  viz: 

dx^     -^^  dx^     •^'  dx^     -^^ 

We  next  form  the  sums 


[f]  •  [fl  •  \S\  -■ "» Cf] 


and  combine  them  with  the  former  normal  equations,  at  the  same  time  introducing  a 
new  set  of  indeterminate  quantities  ^^  -^^  y?3  . . . .  in  the  place  of  the  former  C,  C,  C3  . . . . 
then  the  requirement  of  the  conditioned  minimum  leads  to  the  following  so  called 
transfer  equations: 

[u.aa\  R^  +  [w.fl*]  7?,  +  iu,ac'\  R^+ +  [«.«/]  =  o 

+  [«.W]y?.+  [u.bc-]  R3+ +  [«.*/]  =0 

+  \u.cc-\  R3  + +  \u,cf]  =  o 

+ 

Solving  we  have  the  values  Ru  and  consequently  also  Fi  by  the  relations 

^,=/,  +  «X  +  *A  +  ^.>?,+  ---- 

and  finally  we  have  the  reciprocal  of  the  weight  P  of  the  function  /*  by  ^  =  [«./7^]  Also 

the  mean  error  of 

«*t  ^ 

F  or  mp=~—}-r  z=im  s/  \u,FF\  and  the  probable  error  of  Fox  r^r  =  0*6745  ^-P 

18732 — No.  4 4 
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(F.)  REMARKS  ON  WEIGHT  COEFFICIENTS  IN  THE  NET  ADJUSTMENT 

AS  DEPENDING  ON  THE  STATION  ADJUSTMENTS. 

In  accordance  with  Bessel's  method  of  proceeding,  the  corrections  as  determined  in 
the  net  adjustment  depend  with  respect  to  weights  on  coeflScients  furnished  by  the  gen- 
eral solution  of  the  station  or  local  adjustments;  although  theoretically  strict,  this  pro- 
ceeding has  in  later  times  either  been  greatly  modified  or  abandoned  for  reasons  imposed 
by  practical  considerations.  It  has  been  from  the  beginning  the  practice  on  the  Survey 
to  treat  these  adjustments  independently  of  each  other  and  to  give  equal  or  nearly  equal 
weight  to  the  directions  in  the  net  adjustment.  This  separate  treatment  is  justified  by 
fhe  following  consideration:  The  errors  incident  to  the  angular  measures  as  indicated 
by  the  local  adjustment  either  depend  on  other  causes  or  at  most  are  of  a  subordinate 
character  to  the  error  in  the  subsequent  operation — that  is,  in  the  net  adjustment.  In 
the  latter  combination  of  the  measures  new  sources  of  error  show  their  effects;  as,  for 
instance,  the  effect  of  the  deflection  of  the  plumb  line  causing  the  angles  to  be  measured 
out  of  the  normal  horizontal  plane,  want  of  coincidence  of  the  center  of  a  station  and  of 
heliotropes  or  targets  subsequently  mounted  over  it,  persistent  lateral  deviation  of  the  line 
of  sight,  constant  or  uncompensated  graduation  errors  of  the  instrument,  all  of  which 
causes  exert  no  influence  on  the  station  adjustment.  It  is  a  matter  of  experience  that 
the  value  of  the  probable  error  of  a  direction  derived  from  the  measures  at  a  station  is  much 
smaller  than  the  same  when  derived  from  the  triangle  closing  errors — thus  if  weights 
are  introduced  at  all  they  should  be  made  to  exert  but  a  comparatively  weak  influence. 
As  an  example  of  the  process  followed,  the  adjustment  of  the  Yolo  Base  net  may  be 
referred  to  (Coast  and  Geodetic  Survey  Report  for  1885.     Appendix  9,  pp.  447-448). 

Let  es  =  average  value  of  the  probable  error  of  a  direction  as  derived  from  the  station 
adjustment,  e^  =  average  value  of  the  same  as  derived  from  the  closing  errors  of  the 
triangles  composing  the  net.  Put  ^c'  =  e'  —  ^/.  ec'  is  a  constant  quantity  for  the  figure 
under  consideration,  and  is  to  be  combined  with  every  probable  error  of  observation  e, 
in  order  to  obtain  the  appropriate  probable  error  and  consequent  weight  of  each  direc- 
tion as  needed  for  the  figure  adjustment.     Hence  we  have  ^  =  ^/  +  ec'  and  the  weight 

P  = ; — -.     In  this  manner  the  weights  from  the  station  adjustment  are  made  to 

undergo  a  considerable  equalization.*  In  connection  with  the  above  consideration  we 
may  note  also  the  important  feature  that  the  process  theoretically  called  for,  involving 
the  introduction  of  weight  equations  from  the  local  adjustment,  becomes  prohibitive  for 
any  extended  triangulation  on  account  of  the  excessive  labor  introduced  thereby.     The 

modified  weights  p  =    ^     — -  are  introduced  in  the  adjustment  of  the  triangulation 

between  El  Paso  and  Yolo  Base  nets,  whereas  in  other  parts  of  the  triangulation  equal 
or  unit  weights  are  assigned  to  all  directions. 

*  We  have  the  following  values  of  e,  and  e^  in  the  western  section  of  the  arc: 


I^ocality. 

Number  of 

Result- 

Number of 

Result 

directions. 

ing  e,. 

triangles. 

ing  Ct. 
ft 

El  Paso  base  net 

•  • 

16 

±0-32 

Triangulation  El  Paso  to  Salt  Lake 

67 

±0-094 

23 

±0*27 

Salt  Lake  base  net 

56 

±0088 

33 

±0*28 

Triangulation  Salt  Lake  to  Yolo 

90 

±o"o8o 

30 

dbO*20 

Yolo  base  net 

34 

±o-o8i 

19 

±0*24 
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(G.)  THE  COMPUTATION  OF  THE  SPHERICAL  EXCESS  OF  THE 

TRIANGLES. 

For  all  that  part  of  the  triangulation  which  lies  east  of  the  Rocky  Mountains, 
and  which  traverses  the  plains  and  gentle  slopes  of  Kansas,  Missouri,  and  Ohio, 
the  comparative  shortness  of  the  sides  of  the  triangles  admits  of  the  application  of 
Legehdre's  theorem  in  its  simple  form.     The  spherical  excess  f  (in  seconds)  is  given 

by    '  '  . ^^  where  abC^  refer  to  sides  and  included  angle  of  a  plane  triangle,  whose 

angles  are  those  of  the  corresponding  small  spherical  triangle  after  each  has  been  dimin- 
ished by  Yh  f .  When  greater  precision  is  required  as  for  the  larger  triangles  which 
stretch  across  the  peaks  and  ridges  of  the  Allegheny  Range,  we  introduce  the  radius 
of  an  osculating  sphere  (referring  to  the  center  of  the  triangle)  and  take 

ab^  sin  C  ah^  sin  C         F  ,  .    ^jTV 

2Pn,Pn  Sin  i"      2a»  ( I  —  e')  sm  i"  L  J 

[i  —  r*  sin  'Of]' 
The  quantity   -tt — zr^\  g{n    f'f  ^^  been  tabulated  with  the  latitude  g^  as  argument, 

for  which  see  Coast  and  Geodetic  Survey  annual  report  for  1894.* 

For  triangles  of  unusually  large  size  and  approaching  the  limit  for  possible  obser- 
vation, certain  terms  in  the  development  of  the  theorem  which  ordinarily  could  be 
neglected  need  examination.  It  has  been  shown  that  spheroidal  triangles  may  be  com- 
puted as  spherical  and  hence  as  plane  ones  by  application  of  the  same  theorem 
extended. t    Various  forms  have  been  given  to  the  development  of  the  theorem.  J    Let 

S^  =  surface  of  the  corresponding  plane  triangle  =  j4  «,  ^,  sin  C^, 
and  let  m' =  }i  (a;  +  d;  +  c;),  then 


€"  = 


Pn^Pn  Sin 


mi'^\'^Spo^"J 


m'  a     —  ^  ^'  ni'  a 


where  p^  and  p„  are  the  radii  of  curvature  in  the  plane  of  the  meridian  and  normal  to 
it,  and  e  is  to  be  distributed  unequally  over  the  angles, §  viz: 

'        3        60      PnPn  3V  20p«pny 

^-""3^60      P^Pn     "^  '   "         3\^20p«p«y 

A  convenient  logarithmic  formula  has  been  given  by  the  late  C.  H.  Kummell, 
tables  of  the  factors  log  A  and  log  B  of  the  Coast  and  Geodetic  Survey  method  for  the 

*Appendix  No.  9,  pp.  290-291. 

fThe  spherical  excess  of  a  spheroidal  triangle  is  equal  to  that  of  a  spherical  triangle  whose  angular  points  have 
the  same  latitudes  and  longitudes  as  the  corresponding  points  of  the  spheroidal  triangle— Clarke's  Geodesy  (x88o),  pp. 
49  and  107. 

JHelmert's  Theorieen  der  H5heren  Geodasie  (1880),  vol.  i,  pp.8S-ioi. 

I  Helmert,  ibid,  p.  98. 
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computation  of  geographical  positions  being  on  hand  (Appendix  No.  9,  report  for  1894). 
Put  in  the  latest  form  given  by  him,*  let  A  =  area  of  the  plane  triangle, 

log  w  =  log  ^  +  log  -B  +  4-384  545 

log  e  =  log  m  +  log  2  A  +  >  2  log  diff.  i"  for  the  three  angles. 

For  the  larger  triangles  within  the  region  of  the  Rocky  Mountains  and  of  the  Sierra 
Nevada  the  spherical  excess  rises  to  i',  and  even  exceeds  this  amount.  To  show  the 
effect  of  the  higher  terms,  also  the  change  of  e  when  computed  for  the  Clarke  and  the 
Bessel  spheroids,!  the  following  example  has  been  added.  For  the  largest  triangle — 
Tushar,  Wheeler  Peak,  Mount  Nebo — we  have  the  following  approximate  data,  and  for 
distances  given  in  metres — 

Distance. 

o  / 

log  fl,  =  log  (Wheeler  P.  to  Mt.  Nebo)  =  5  -376  1460 
log  Ct  =  log  (Wheeler  P.  to  Tushar)  =  5  -247  8364 
log  di  =  log  (Mt.  Nebo  to  Tushar)         =  5  '215  5124 

C^       =  48°  03'  40^'  -987 

log  di  bi  sin  C        =10  '463  150 
log  1/2  pm  p»  sin  i^^  =   I  '404  610  (see  table  appended) 

=   I  '867  760    First  term  73^'  7497 

=  10  -583 

13  609 

0-903 

6*071 

1*868 

7  '939   Second  term  =  o  "0087 

«  =  73  7584 


log  first  term 
log  wi* 

log  pm  Pm 

log  8 

log  m  »/8  Pm  pn 

log  first  term 
log  second  term 


Lat.  of  Tushar 

38     25*1 

Lat.  of  Wheeler  P. 

39    48-5 

Lat.  of  Mt.  Nebo 

38    59 'I 

<P^ 

39    04 

log  (W««— fl,«)  = 

«ro*26 

log   1/20  pm  pH    = 

-5-35 

logK* 

1*39 

Similarly — 

log(^-^.-f) 

// 

h5.74 

—  0. 00055 

log(B-B,-l) 

6*32 

-f-0*0002I 

l.g(c-C-0 

6-53 
Che 

+  0*00034 

ck  sum  =  0 

and  the  distribution  to  the  spherical  angles  becomes 


// 


to^ 

-  24  -5856 

to  B 

24  '5863 

to  C 

—  24  -5864 

sum 

737583 

This  example  shows  that  on  account  of  the  second  term  the  third  place  in  the 
decimals  of  the  difference  between  the  spherical  and  plane  angles  is  not  affected  by  as 
much  as  a  unit. 

Difference  in  the  above  value  of  €  due  to  a  change  of  reference  spheroid. 


*  Astronomische  Nachrichten  No.  21 16. 

d9         2da 
t  We  have  —  «  — ^-  +  2  cos  29>ede.    (See  Die  *'  geodatischen  Hauptpunkte,**  etc.    Von  G.  Zachariae,  translation  by 

Dr.  E.  Lamp,  Berlin,  1878,  pp.  302-303.) 
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By  direct  computation  the  values  stand  as  follows:  * 


Clarke  spheroid 
log  a,  bi  sin  C,  lo  "463  150 

log  1/2  p«  Pn  sin  i'^       T  404  610 
log  first  term 
First  term 
Second  term 
Resulting  e 


I  -867  760 

73''  749  7 
-ho;oo8  7 


n''  758  4 


Bessel  spheroid. 
10-463  150 
1-404  711 
I  -867  861 
73  766  8 
-1-0-008  7 

73'^  775  5 


The  difference  in  the  value  of  e  is 
0^^-017  I,  or  y^  part 
of  itself. 


The  computation  of  b  according  to  KummelVs  logarithmic  form  stands  as  follows : 


// 


Angle  at  Tushar  88  16  06 
Angle  at  Wheeler  43  40  13 
Angle  at  Mt.  Nebo  48    03    41 


log  diff.  i'^  +  I 

in  seventh  ,  ^^ 

lace    of  "^" 

ec*s.  4-19 


I 


8. 509  142  -i  From  table  app. 
8  -510  922  /  9»  rep.  for  18^. 

4  -384  545 


log  a,        =5*376  146 
logd,  5-215  512 

log  sin  C      9  '871  492 
log  2^         10  -463  150 


Sum  42 

Ye  sum  7 

log  yi  sum  o  -845  I 

log  1st  +  2d  term  i  -867  8 

516  2  -712  9 


log^= 
log^ 
log  const. 

log  m 

log  2  A 

log  ist  +  2d 

term 

3d  term 

Resulting  log  e  1  -867  811  and  e  =  73''  -758  3 

as  before 


1-404  609 

10-463  150 

I  -867  759  or  73"'  -749  5 
+     52 


Values  of  log  ihp^Pn  sin  i"  for  the  spheroids  of  Clarke  (1866)  and  Bessel  (1841) 
and  argument  4>  between  latitudes  ^  =  30°  and  4>  =  50°. 

Here  Pm  =  radius  of  curvature  in  the  meridian  and  Pn  radius  of  curvature  in  the 
plane  normal  to  it;  the  dimensions  of  the  spheroids  are  those  given  in  Appendix  No.  9) 
Report  for  1894,  P   280,  and  are  expressed  in  metres. 


Clarke* s  spheroid. 

<f> 

log/o« 

lOgPn 

log  1/2  pi 
pn  sin  1^^ 

0 

30 

6802  852 

6-805  066 

1-405  477 

31 

2  919 

5089 

387 

32 

2  988 

5  112 

295 

33 

3058 

5  135 

202 

34 

3  129 

5  159 

107 

35 

3  201 

5  183 

1*405  on 

36 

3  274 

5  207 

1-404  914 

37 

3348 

5  231 

816 

38 

3  422 

5  256 

717 

39 

3  497 

5  281 

617 

Diff. 
fori' 
in  6th 
place. 


1*50 
1*53 
1*55 
1-58 

1-60 

1*62 

1-63 

1-65 
1-67 


BesseVs  spheroid.f 


log  pm  log  p, 


Diff. 

fori' 

log  1/2  Pm    in  6th 
Pn  sin  i''    place. 


6-8o2  823 
2  890 

2  957 

3  026 

3  096 

3  167 

3  239 
3  312 

3  385 

3  459 


6*805  006 
5  028 
5  051 
5  074 
5  097 

5  121 

5  145 

5  169 

5  194 
5  218 


1*405  566 

477 

387 

295 
202 

107 

1-405  on 

1-404  914 

816 

718 


1-48 
I '50 
1*53 
I '55 
1-58 
1-60 
1-62 
163 
1*63 


€(U 


*  For  computation   by  the   formula  for 


dt 


m 


—  we  have:   do  =■  —  809*2, 


da 
— ■■  —  o'ooo  127, 


&  «»  —  o'ooo  56,    and 


—  O'OOO  046;  hence  "^'  -■  +  0*000  234,  or  rfc  =*  +  o"*oi7  2. 

fSee  Table  35e  of  radii  of  curvature  in  Dr.  Albrecht's  Pormeln  und  Hiilfstafeln  fiir  geographische  Ortsbestim- 


mungen;  I«eipzig,  1894,  pp.  268-269. 
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Clarke's  spheroid. 

Diff. 
fori' 
iji6th 
place. 

Bessel 

.*s  spheroid. 

DiflF. 
fori' 
in  6th 
place. 

<p 

logp« 

logp* 

log  1/2  p* 
Pn  Sin  I^' 

logp- 

logp» 

log  1/2  pm 
p«  sin  i'' 

o 

40 

3  573 

5  307 

515 

170 

170 
170 
170 
172 

172 

172 
172 
172 
170 
170 

3  534 

5  243 

618 

1-67 

1-67 
1-68 

41 

3  650 

5  332 

413 

3  609 

5  268 

518 

42 

43 

3  726 
3  803 

5  358 
5  383 

3" 
209 

3685 
3  761 

5  293 
5  319 

417 
315 

170 
1-68 

44 
45 

3  880 
3  957 

5  409 
5  435 

106 
1-404  003 

3  837 
3  913 

5  344 
5  369 

214 
"3 

1-68 

170 
1-68 

46 

4035 

5  460 

1*403  900 

3  989 

5  395 

T'404  on 

47 

4  112 

5486 

797 

4  065 

5  420 

1-403  910 

1-68 

48 

4  189 

5  512 

694 

4  141 

5  445 

809 

1*68 

49 

4  265 

5  537 

592 

4  216 

5  471 

708 

1-68 

50 

4  342 

5  563 

490 

4  292 

5  496 

607 

(H.)  ACCOUNT  OF  THE  BASE  LINES, 

their  positions,  apparatus  used,  measurements,  resulting  lengths  and  probable  errors, 
together  with  the  abstracts  of  angles  and  adjustment  of  triangles  forming  the  base  nets, 
with  description  of  stations  composing  the  same. 

GENERAL  STATISTICS  OF  THE   BASE  LINES,    ARRANGED  IN  THE  ORDER  OP  TIME  OF 

MEASUREMENT. 
Table  I. 

Apparatus  used. 

The  Haasler  base  apparatus,  4 
iron  bars  of  8-metre  joint 
length,  optical  contact. 

The  6-metre  contact-slide  iron 
rods  Nos.  I  and  2. 

The  Repsold  4-metre  steel  and 
zinc  combined  bar,  optical 
contact. 

The  6-metre  steel  contact-slide 
rods  Nos. 3  and  4. 

Schott's  5-metre  contact-slide 
compensating  steel  and  zinc 
bars  Nos.  i  and  2. 

The  5-metre  contact-slide  steel 
rods  Nos.  13  and  14  and  steel 
tape  measures,  also  used  in 
part,  steel  bar  No.  17,  in  ice. 

Two  100-metre  steel  tap>es  Nos. 
85  and  88. 

The  5-metre  contact-slide  steel 
rods  Nos.  13  and  14. 

Eimbeck's  5-raetre  contact- 
slide  duplex  apparatus,  steel 
and  brass  rods. 

The  5-metre  contact-slide  rods 
Nos.  13  and  14,  and  the  50- 
metre  steel  tape  No.  204. 
*  Gen.  C.  B.  Comstock,  U.  S.  E.,  in  charge  United  States  Lake  Survey. 


No. 

Name  of  line. 

State. 

Date  of  measure. 

Chief  of  party. 

I 

The  Kent  Island  Base 

Md. 

1844,  May  and  June. 

J.  Ferguson 

2 

The  American   Bot- 
tom Base 

III. 

1872,  Oct.  and  Sept. 

C.  H.  Boyd 

3 

The  Olney  Base 

ni. 

1879,  July  to  Sept. 

B.S.  Wheeler* 

4 

The  Bl  Paso  Base 

Colo. 

1879,  Aug.  and  Sept. 

O.H.Tittmann 

5 

The  Yolo  Base 

Cal. 

1881,  Sept,  Oct.,  Nov. 

G.  Davidson 

6 

The  Holton  Base 

Ind. 

1801,  July,  Aug.,  Sept. 

A.  T.  Mosman 

7  The  St.  Albans  Base 

8  The  Salina  Base 

9  The  Salt  Lake  Base 

10  The  Versailles  Base 


W.Va. 

1892,  October 

R.  S.  Woodward 

Kans. 

1896,  June  and  July 

F.  D.  Granger 

Utah 

1896,  Sept.  and  Oct 

W.  Eimbeck 

Mo. 

1897,  June 

A.  L.  Baldwin 
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2.    THE   MEASUREMENT  OF  THE   BASE   IJNES. 

The  measure  of  the  linear  extent  of  the  triangulation,  or  what  comes  here  to  the 
same  thing,  the  width  of  the  country,  is  made  to  depend  on  the  measure  of  10  base  lines 
located  at  suitable  distances  and  connected  with  the  triangulation  by  means  of  base  nets. 
Through  these  nets,  by  gradual  expansion,  the  comparatively  short  length  of  a  base  is 
developed  to  that  of  the  sides  of  the  principal  triangles.  The  bases  were  measured  with 
a  ^variety  of  apparatus  and  in  time  range  over  a  period  of  fifty-three  years,  the  first  one 
having  been  measured  long  before  the  survey  across  the  country  was  contemplated. 

In  what  follows  we  shall  give  for  each  base  complete,  yet  brief,  information  respect- 
ing :  The  geographic  position,  nature  of  the  ground  traversed,  its  altitude  above  the 
sea,  description  and  standardization  of  the  apparatus,  observer  and  method  of  measure, 
resulting  length  with  probable  error,  and  other  matter  pertinent  thereto.  This  is  fol- 
lowed by  abstracts  of  the  angular  measures  at  the  stations  composing  the  net,  by  its 
adjustment  and  final  length  of  its  triangle  sides;  finally  there  is  given  the  probable  error 
of  the  sides  of  the  net  which  bind  it  to  the  main  triangulation  on  both  sides  of  it. 

(a)  Kent  Island  Base  Line,  Maryland ,  1844, 

LOCATION,   MEASUREMENT,   AND  LENGTH. 

Kent  Island,  in  Queen  Anne  County,  Maryland,  on  the  western  shore  of  which 
the  base  was  measured,  is  situated  on  the  east  side  of  Chesapeake  Bay  and  nearly  oppo- 
site Annapolis  Harbor,  Maryland.  Originally  the  base  in  this  locality  was  intended  to 
serve  as  a  check  on  the  length  of  the  sides  of  the  primary  triangulation  brought  south 
from  Fire  Island,  New  York,  and  to  provide  a  basis  for  the  triangulation  of  the  Chesa- 
peake Bay,  but  its  situation  close  to  the  parallel  of  39**  has  made  it  available  for  the 
transcontinental  triangulation,  proposed  more  than  a  quarter  of  a  century  later.  The 
surface  of  this  part  of  the  island  is  slightly  undulating,  composed  mostly  of  cultivated 
fields,  but  in  parts  swampy  and  wooded.  It  is  little  elevated  above  the  mean  sea  level. 
The  northern  terminal  monument  was  placed  near  Broad  Creek,  and  its  foundation  was 
laid  in  the  sand,  one  and  a  half  metres  below  the  surface,  with  a  course  of  rubble 
masonry.  The  end  point  of  the  base  was  marked  by  copper  bolts  in  a  stone  slab  below 
and  an  upright  stone  above  ground.  The  southern  terminus  at  Prices  Creek  was  simi- 
larly marked,  and  both  monuments  were  finally  covered  with  an  earthen  mound  for 
further  protection.  When  visited  in  1888,  it  was  found  that  the  shore  of  the  southern 
part  of  the  island  had  been  washed  away  and  that  the  southern  monument  had  disap- 
peared below  the  waves. 

The  length  of  the  base  is  8^  kilometres,  or  nearly  5*4  statute  miles;  its  middle 
point  is  in  latitude  38°  56'  about,  in  longitude  76®  21',  and  the  azimuth  of  the  line  from 
the  southern  end  is  194°  35'  nearly.  The  alignment  of  the  base  was  made  by  placing  a 
theodolite  over  a  point  near  its  middle,  and  marking  out  the  line  by  flags. 

The  measurement  of  the  base  was  intrusted  by  Superintendent  Bache  to  Assistant 
James  Ferguson,  aided  by  Mr.  R.  D.  Cutts,  who  made  a  preliminary  measure  and  drove 
stakes  at  every  200  metres  of  the  line. 

The  apparatus  used  was  that  known  as  the  Hassler  Base  Apparatus.  It  is  described 
in  the  Transactions  of  the  American  Philosophical  Society  (Philadelphia)  for  the  year 


56 


UNITED  STATES  COAST  AND  GEODETIC  SURVEY. 


No.  3, 


finUty 


North 


1825,  pp.  273-286  (illustrated  by  Plate  III),  and  had  been  used  for  the  measure  of  the 
Fire  Island  base  by  Superintendent  Hassler  in  1834.  It  consists  of  a  box  in  which  are 
placed,  in  line,  4  rectangular  iron  bars,  each  2  metres  long,  the  joined  length  being  8 
metres.     Over  the  forward  end  of  the  box  a  microscope  was  mounted  on  a  tripod,  the 

cross  hairs  of  which 
served  again  as  a  fixed 
point  when  the  rear  end 
of  the  box  was  later 
brought  under  the  same 
fiducial  lines  of  the  mi- 
croscope. The  focus  of 
the  fixed  microscope 
was  never  changed  after 
it  had  once  been  placed 
in  position.  The  level 
of  the  combination  of 
bars  was  indicated  by 
means  of  a  sector  at- 
tached to  one  of  the 
bars  (A)  and  their  tem- 
perature was  indicated 
by  means  of  thermome- 
ters. At  distances  of 
I  kilometre  two  stakes 
were  driven,  one  on  each 
side  of  the  line,  but  no 
permanent  marks  were 
left;  there  is,  however, 
a  stoneware  cone  in  line 
I  kilometre  from  the 
north  end.  Transfers 
of  the  end  of  a  bar  to 
ground  at  the  close  of  a 
day's  work  were  made 
either  by  means  of  a 
plummet  or  by  means  of 
a  theodolite.  But  one 
measure  was  made,  and 
the  time  occupied  was 
between  May  3  and  June 
5»  '844. 
The  2-metre  iron  bars,  known  as  the  Hassler  bars  A,  B,  C,  D,  were  made  by 
Troughton  &  Simms  about  1813,  and  were  standardized  in  February  and  March,  1817, 
by  means  of  the  committee  metre,  which  is  of  the  same  cross  section  (27*5  by  9  milli- 
metres) and  the  iron  Lenoir  Metre — all  the  bars  being  ct  bout,  Hassler  again  determined 
their  length  in  May,  1834,  ^^^  ^^  March,  1835,  with  the  aid  of  the  Troughton  scale. 


North  Base 

Kent  Island  B&se 
South  £a3€ 


Autm^tt 


i-t  u-t  i-i 


10 


KilometreB 

I 

16 


3Z 
30 


th 


Statute  Miles 


? 


10 


so 


ift 


36 


UO 


3 
TO 
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In  May,  1844,  and  January,  1845,  Messrs.  J.  Saxton  and  W.  Wiirdemann  and  Superin- 
tendent A.  D.  Bache  again  compared  them  by  means  of  a  Bessel  comparator. 
The  values  were : 

In  1817,        2  =  7999  950  6  m     at  o°C. 

1834-35.  7*999  976  4  »*     ato°C. 

1844-45,  7*999  871  6m^  ato^C. 

±       5  5 

which  last  value  was  adopted  by  the  observers  and  verified  by  Assistant  J.  E.  Hilgard 
on  July  II,  1854,  and  was  to  be  used  for  the  Kent  Island  as  well  as  for  the  Massa- 
chusetts base  measured  in  the  same  year.  The  coefficient  of  expansion  of  the  bars  was 
determined  by  Superintendent  Hassler  in  181 7  at  Newark, f  the  value  found  by  him 
was  o'ooo  006  963  534  for  the  Fahrenheit  scale,  or  o"ooo  012  534  for  the  centigrade 
scale.  This  value  has  been  supposed  to  be  rather  large,  yet  it  may  be  correct  for  these 
particular  bars  and  has  been  taken  so  by  all  previous  investigators.  J  We  shall,  how- 
ever, increase  the  probable  error  of  the  length  of  the  base  by  the  effect  of  a  change  in 
the  adopted  coefficient  of  expansion  amounting  to  its  ^  part,  which  amount  is  supposed 
to  cover  the  whole  uncertainty. 

We  find  for  the  length  of  the  base : 

Metres. 

1086  boxes  of  8  metres  each 8688  '0000 

Defect  of  each  box  on  8  metres,  1086  X  0*000  128  35 —  o  '1394 

Correction  for  excess  (25^*44  C. )  of  temperature  of  bars  above  0°  C.  and  graduation  error  of 

thermometers  ( — o*'-255  C. ) '. -f  2  7424 

Correction  for  inclination  of  boxes —  i  '0007 

Excess  of  box  at  south  end,  as  measured  by  bar  D  and  scale —  2  '0508 

Reduction  to  half  tide  level  of  bay,  for  surface  elevation  and  height  of  box  5*0  m —  o  '0069 

•     Resulting  length  of  base 8687  '5446 

The  probable  error  of  this  value  can  only  be  estimated,  since  the  base  was  measured 
but  once.  Supposing  the  combined  length  of  the  metres  subject  to  db  20/i,  the  effect 
on  the  base  will  be  ±0*022  metre;  an  assumed  error  of  ifc^  part  in  the  expansion 
coefficient  would  produce  d=  0*055  metre;  again,  the  effect  for  imperfect  temperature 
correction  for  inequality  in  number  of  boxes  laid  with  rising  and  with  falling  tempera- 
ture may  be  taken  as  dt  0*034  metre,  while  other  minor  uncertainties  may  be  omitted. 
Combining  the  several  values  for  probable  error,  we  get  db  o'o68  metre,  equal  to  jfiSTTr 
of  the  length  nearly.  This  may  be  taken  to  represent  the  measuring  error,  and  to  include 
the  probable  error  due  to  our  practical  unit  of  length,  the  Committee  Metre,  taken  as 

Resulting  length  of  the  Kent  Island  Base  8687*5446  metres, 

zfc  '0680 

and  its  logarithm  3*938  897  05. 

=t     3  40 

*  Coost  Survey  Report  for  1865,  Appendix  No.  ai,  pp.  187,  188,  and  189,  and  Coast  Survey  Report  for  x866,  Supple- 
ment to  Appendix  No.  8 ;  I«ength  of  the  Kent  Island  Base,  p.  140. 

t  Trans.  Amer.  Phil.  Soc.,  Vol.  I,  new  series.    Philadelphia,  1818,  pp.  210-224. 

X  In  connection  with  this  it  may  be  worth  remarking  that  the  coefficient  of  expansion  for  the  8a-inch  Troughton 
brass  scale,  which  was  determined  by  Mr.  Hassler  at  the  same  time  and  by  the  same  means,  also  was  found  rather 
large,  viz :  o'ooo  010  509  for  Fahrenheit's  scale,  or  o'ooo  018  916  for  the  centigrade  scale.  On  the  other  hand,  we  have 
Fizeau*s  determination  for  our  brass  0.000  018  410,  yet  brasses  probably  differ  even  more  than  different  kinds  of  iron.  A 
search  was  made  for  the  recovery  of  the  four  Hassler  bars,  but  without  success. 
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UNITED  STATES  COAST  AND  GEODETIC  SURVEY. 


ABSTRACT  OP  RESULTING  HORIZONTAL  DIRECTIONS  OBSERVED  AND  ADJUSTED  AT  STATIONS  FORM- 
ING THE  KENT  ISLAND  BASE  NET,  1844,  1846-47-48-49-50,  1868  AND   1896-97. 

Kent  Island  South  Base^  Queen  Anne  County,  Maryland.     May  30  to  June  4,  1847.     30-centimetre 

repeating  theodolite,  No.  ii.     E.  Blunt,  observer. 


No.  of 
direction. 

Objects  observed. 

Resulting  direc- 
tions from  station 
adjustment. 

Corrections 

from  ba.se-net 

adjustment. 

Final  seconds 

in 
triangulation. 

0       /       // 

// 

rr 

I 

Marriott 

0    00    00*00 

-ho  03 

00  03 

2 

Taylor 

58    53    46-24 

-foo6 

46  30 

3 

Kent  Island  North  Base 
Poplar  Island 

III    41     18-25 
283    38    4674 

—0*09 

18 -16 

Probable  error  of  a  single  observation  of  a  direction  (6  D,  and  6  -^. )  =  ±  &''^, 

Kent  Island  North  Base,  Queen  Anne  County,  Maryland.     May  21  to  May  28,  1847.     30-centimetre 

theodolite,  No.  11.     E.  Blunt,  observer. 


0 

/ 

// 

// 

// 

4 

Kent  Island  South  Base 

0 

00 

00 -oo 

-ho  19 

00-19 

5 

Marriott 

50 

05 

05-36 

-0-47 

04-89 

6 

Taylor 

88 

35 

36-91 

— 0'12 

3679 

7 

Linstid 

121 

02 

04-33 

-ho -16 

04-49 

8 

Swan  Point 

181 

09 

45-47 

4-0 -24 

4571 

Probable  error  of  a  single  observation  of  a  direction  (6  /?.  and  6R,)  =  ±:  o^''-68. 

S\san  Paint,  Kent  County,  Maryland.    October  16  to  October  21,  1848.     30-centimetre  theodolite,  No. 

II.     E.  Blunt,  observer. 


Kent  Island  North  Base 

0 
0 

/ 
00 

// 
00-00 

// 
—0-23 

if 

34 

59*77 

35 

Linstid 

56 

08 

57-92 

-fo-52 

58-44 

36 

Pooles  Island 

169 

16 

25-51 

—0-29 

25-22 

Probable  error  of  a  single  observation  of  a  direction  (6  Z?.  and  6  ^.  )  =  dt  1^^-35. 

Taylor,  Anne  Arundel  County,  Maryland.    June  8  to  June  16,  1847.     30-centimetre  theodolite,  No.  11. 

E.  Blunt,  observer. 


0 

/ 

// 

// 

// 

10 

Kent  Island  North  Base 

0 

00 

00 -oo 

+036 

00  36 

II 

Kent  Island  South  Base 

38 

36 

52-37 

—0-23 

52-14 

12 

Marriott 

119 

32 

44-32 

+0-53 

44-85 

9 

Linstid 

247 

12 

54-29 

-066 

53-63 

Probable  error  of  a  single  observation  of  a  direction  (6  Z?.  and  6  ^. )  =  ±o^'-66. 

Pooles  Island,  Harford  County,  Maryland.     May  17  to  May  27,  1848.    30-centimetre  theodolite,  No. 

II.     E.  Blunt,  observer. 


// 


// 


// 


31 

Swan  Point 

32 

Linstid 

33 

Finlay 

Osborne's  Ruin 

Turkey  Point 

0 

00 

00-00 

4-0-30 

00-30 

36 

22 

15-13 

-ho -17 

15-30 

116 

06 

54  92 

-0-47 

54-45 

170 

34 

06-56 

225 

05 

01  -56 

Probable  error  of  a  single  observation  of  a  direction  (6  Z>.  and  6  R, )  ■=  ±0^^*69. 
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IVedd,  Anne  Arundel  County,  Maryland.  July  lo  to  August  14,  1848.  60-centimetre  theodolite, 
No.  2.  A.  D.  Bache,  observer.  October  21  to  December  2, 1850.  75<centimetre  theodolite,  No.  i, 
A.  D.  Bache,  observer.  September  18  to  September  25,  1868.  75-centimetre  theodolite,  No.  i, 
C.  O.  Boutelle,  observer. 


26 

Linstid 

27 

Marriott 

Hill 

Soper 

Stabler 

Azimuth  Mark 

25 

Finlay 

0 

0 
00 

// 
00 'OO 

// 

— 0'02 

.// 

0 

59-98 

76 

16 

06*19 

+0-25 

06 '44 

129 

26 

58-53 

178 

32 

0472 

186 

55 

II  '56 

275 

40 

01-37 

289 

44 

43  "oi 

—0-23 

4278 

Probable  error  of  a  single  observation  of  a  direction  (Z>.  and  /^,)  =  ±:  o'^"94. 

Marriott y  Anne  Arundel  County,  Maryland.  November  18  to  December  9,  1846.  30-ccntimetre 
theodolite,  No.  11.  E.  Blunt,  observer.  May  18  to  June  18,  1849.  60-centimetre  theodolite, 
No.  2.     A.  D.  Bache,  observer. 


13 

14 

15 
16 

17 


Hill 

Soper 

Webb 

Azimuth  mark 

Linstid 

Taylor 

Kent  Island  North  Base 

Kent  Island  South  Base 

Poplar  Island 

Blake 


o  / 

o  00 

32  06 

70  08 

82  23 

107  33 

125  56 

147  53 

166  06 

206  58 

248  21 


// 

00 'OO 

10-36 

37-17 
48 -68 

48-30 

32-84 
16-80 

54-12 

03-32 
51-62 


// 


// 


-24 


+o'34 

— 0"20 

— o-io 

+0-19 


Probable  error  of  a  single  observation  of  a  direction — 


{SD.  and  6/?.) 
(Z>.  and^.) 


36.93 

48-64 
32  64 
16-70 

54-31 


0*67  in  1846 
:i*io  in  1849 


Linstid,  Anne  Arundel  County,  Maryland.  May  24  to  June  26,  1848.  60-centimetre  theodolite. 
No.  2.  A.  D.  Bache,  observer.  January  8  to  January  31,  1897.  30-centimetre  theodolite,  No.  16. 
F.  W.  Perkins  and  W.  B.  Fairfield,  observers.    Telescope  above  ground  (in  1897)  27*89  metres. 


18 
19 

20 

21 
22 

23 
24 


Finlay 

Pooles  Island 

Clough 

Swan  Point 

Hope 

Kent  Island  North  Base 

Taylor 

Marriott 

Webb 


o 
46 

69 

77 
102 

140 


00 


if 
00 -OO 


42  57-73 

13  07*73 

13  16  -97 

07  23  *IO 

56  37-60 

175  43  02-43 

209  40  11-28 

275    58  53*59 


// 
+0*70 

•18 


-52 


26 

-fo-75 
—0-50 

-fo-02 


00*70 
57-55 

16 '45 

37-34 

03-18 

10*78 

9  53  -61 


// 


Probable  error  of  a  single  observation  of  a  direction — 


(Z>.  and^.)       =ilii*i2in  1848 
(6  /?.  and  6  ^. )  =  ±0*73  in  1897 
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No. 
I 

2 

3 

4 

5 
6 

7 
8 

9 

lO 

II 

12 

13 


28 
29 

30 


// 


// 


/^/ff /ay,  Baltimore  County,  Maryland.  August  29  to  September  11,  1844.    60-centimetre  theodolite, 
No.  2.    J.  Ferguson,  observer.     October  15  to  December  27,   1896.    30-centimetre  theodolite, 

No.  16.     G.  A.  Fairfield,  observer.  Telescope  above  ground  1*5  metres. 

Osborne's  Ruin  o    00    00  'oo 

Still  Pond  30 

Pooles  Island  48 

Clough  55 

Linstid  loi 

Webb  127 

Rosanne  159 


48 

41  "95 

03 

34-15 

-fo-48 

34-63 

23 

20-93 

36 

01  "26 

— 0-72 

00-54 

^9 

37-46 

4-0-25 

37-71 

25 

03-26 

Probable  error  of  a  single  observation  of  a  direction — 


ff 


(Z).  and/?. )       =  d=  I -52  in  1844 
(6  D,  and  6  ^. )     ±0-65  in  1896 


FIGURE  ADJUSTMENT. 

Observation  equations,* 


o=-f  I-05-    (2)+   (3)-    (4)+   (6)-(io)-i-(ii 
o=-o-62-    (5)+    (6)-(io)  +  (i2)-(i5)  +  (i6: 

0=4-0-49-  (i)+  (3)-  (4)4-  (5)-(i6)  +  (i7: 
o=-2-3i-  (6)-h  (7)-  (9) -f  (10) -(21) +  (22: 
0=  + 2-97 4-  (9)-(i2)-(i4)+'(i5)- (22)-h  (23; 
0=  -  1*37  -  (13)  -f  (14)  -  (23)  +  (24)  -  (26)  -f  (27: 
0=  -  1-87  +  ( 18)  -  (24)  -  (25)  -r  (26)  -  (29)  +  (30; 
0=  -h  2-73  -  ( 18)  4-  ( 19)  -  (28)  +  (29)  -  (32)  +  (33; 
0=  -f  1-26-  (19)  4-  (20)  -  (31)  -f  (32)  -  (35)  +  (36: 
0=  -  I-07  -  (7)  +  (  8  )  -  (20)  -f  (21)  -  (34)  -h  (35: 
0= -39-1- 17-1(4)  -  17-6(5) -f  0-5(6)  4-26-4(10) -29-8(11) +3-4(12)  +  24-9(15) -63-9(16) 

4-39-0(17) 
0=  4- 31  4- 26-4(5) -59-5(6)  4- 33-1(7) -h  63-4(14) -115-6(15)  4-  52-2(16)4- 30-3(21) -61-6(22) 

4-31-3(23) 
0=  -  28  4-  7  -3(5)  -  19-4(7)  4- 12-1(8)  -h  27-5(  13)  -  52-3(  14)  4-  24-8(  16)  4-  7-6(25)  -  12-7(26) 

4-  5-1(27)  4- 15-5(28)  -59-2(29)  4-  43-7(30)  4-28-6(31)  -32-4(32)  4-3-8(33)  4- 14-2(34) 

-  5*2(35) -9-0(36) 

Correlate  equations. 


Correc- 
tions. 

c. 

c. 

C3 

C4 

C5 

C6 

c, 

Cs 

c. 

C,o 

c„ 

c„ 

C.3 

(I) 

—I 

(2) 

—  I 

(3) 

+  1 

4-1 

(4) 

—  I 

—  I 

4-I7-I 

• 

(5) 

•      ■     •     • 

—  I 

4-1 

•  •  ■  • 

•  •  ■  « 

•     •     •    • 

•   •  •   • 

•  •  •  • 

•  •  •  • 

•   •   •   ■ 

-176 

4-  26-4 

4-7*3 

(6) 

-fl 

4-1 

—I 

-f  0-5 

59-5 

(7) 

+1 

—I 

4-  33-1 

19*4 

(8) 

4-1 

4-12 -I 

(9) 

—  I 

4-1 

*  Number  of  equations  relatinf^  to  sums  of  angles  10,  and  to  ratio  of  sides  3,  total  number  13;  the  side  equations 
were  established  with  7  places  of  decimals  in  the  logarithms  and  the  differences  for  1"  are  given  in  units  of  that  place. 
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FIGURE  ADJUSTMENT— continued. 
Correlate  equations — Continued. 


Correc- 
tions. 

C. 

c. 

c, 

C4 

C5 

C6 

c, 

Ce 

c. 

Cxo 

c„ 

c„ 

c.3 

(lO) 

—I 

—I 

•      •     •     ■ 

+1 

•    •    •    ■ 

■     •    •    • 

•    •   •    ■ 

•   •  ■  • 

•    •   •  • 

•    •   •   • 

+26-4 

•    •    •   « 

•         ■         •         • 

(") 

+1 

—29-8 

(12) 

+1 

—I 

• 

4-  3-4 

(13) 

—1 

^ 

+  27-5 

(14) 

—I 

+1 

9 

-f  63-4 

-52*3 

(«5) 

•     •     •     ■ 

—I 

•      •     •     • 

•      V     •     • 

+1 

•    •    •    • 

•  ■  ■  4 

•   •   •  • 

•    •   •   • 

•    ■   •   • 

+24-9 

—  115 '6 

•  •  •  • 

(16) 

+1 

—I 

-63-9 

+   52-2 

+24-8 

(«7) 

+1 

+  39*o 

(i8) 

-4-1 

—  I 

(19) 

■f-l 

—I 

> 

(ao) 

•     •    •    • 

•   •   •  • 

•      •     •     • 

•    •    •    • 

•    •    •    • 

•    •    •    • 

•  «  •   • 

•   •  •   ■ 

+1 

—I 

•    a    •    • 

•   •   ■   • 

•     •     •     • 

(21) 

—I 

+1 

+  30-3 

(22) 

+1 

—I 

-   61 -6 

(as) 

+1 

—1 

+  31 '3 

(24) 

+1 

—I 

(»5) 

•     •     •     • 

•   •  •  « 

•     •     •     • 

•    •    •    • 

•    •   •   • 

■     ■    ■    • 

—I 

•   •  •  • 

•    •   •   • 

•  •  •  • 

•    •    •    ■ 

•  •  •  • 

+  7-6 

(26) 

—  I 

-f-i 

—127 

(a?) 

-fl 

+  5-1 

(28) 

—I 

t 

4-15*5 

(29) 

—  T 

+1 

-95 -2 

(30) 

•     •     •     « 

•  •  •  • 

•     •     •     • 

•  •  •  • 

•    •   •    • 

■    •    •    • 

-41 

•   •  •   • 

•    •    •    • 

«    ■    •    • 

•    •    •    « 

•  •  •  • 

+43  7 

(31) 

—I 

+28-6 

(32) 

—  I 

+1 

-32  4 

(33) 

. 

+  1 

+  3-8 

(34) 

# 

—I 

4-14-2 

(35) 

■     •     •     ■ 

•   •   •  • 

•     •     •     • 

•   •   •  • 

•    •    •    • 

ft    •    ■    * 

•    ■    •    • 

to  •  •  ■ 

—  I 

+1 

•    •    •    • 

•    •    a    • 

-  52 

(36) 

+1 

-  90 

0  = 


+  1*05 

—  0*62 

-f  0-49 

—  2-31 

+  2-97 

—  I '37 

—  1-87 

+  275 
-h  1-26 

—  I  '07 

-39 

+  31 
-28 


Ci     c,     c     c. 


Normal  equations. 

Ce      C7      Cg      C9      Cio 


'11 


If 


-1-6    -h2    +2    -2 

-j-6    —2    — 2    —2 
+  6 

-1-6    -2  -2 

-1-6    -2 

-h6    -2 

-h6    -2 

-1-6    -2 

+  6    —  2 
+  6 


—  72-8 

-93  7 
-f  68-2 

+  25-9 
+  21-5 


-59*5 
+  81-9 
-25-8 

-f  07 
-86 -I 

+  32-1 


IS 


-   2-8 
-1-8  423  -2    —   6  708  '4 

4-31  332-9 


4- 17 '5 

-17*5 
-19-4 

+  52  "3 
—  62-0 

-f  826 

-38-5 
-64-8 

-f-  12*1 

—  I   713*2 

—  2  470  7 

4-12  774*1 
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Resulting  values  of  correlates  and  of  corrections  to  angular  directions. 

Corrections. 


Ci= 

=  —  0  -059  67 

// 

// 

// 

c. 

+  0  -305  45 

(i)  =  4-o-03i  0 

(13)  =  -0-239  4 

(25)  =  — 0-230  I 

c. 

—  0  '031  00 

(2)  =  4-o-o59  7 

(14)  =  4-0-341  I 

(26)  =  — 0 -021  3 

c. 

4-0*452  80 

(3)  =  -o-090  7 

(15)= -0*195  4 

(27)  =  4- 0-251  4 

C5 

—  0-204  00 

(4)=4-o-i89  7 

(i6)  =  —  o'loi  2 

(28) -4-0 -475  8 

c. 

+  0  -249  54 

(5)  =  -0-471  6 

(i7)  =  4-o-i94  8 

(29)  =  -0-724  7 

Ct 

+  0  232  93 

(6)  =  — o-ij6  7 

(18)  =  4-0-703  0 

(30)  =  4- 0-249  0 

Cs 

—  0-470  07 

(7)  =  4-o-i64  2 

(19)  =  -0-184  9 

(31)  =  4-0-295  7 

c. 

—  0-285  20 

(8)  =  4- 0-237  3 

(20)  =  — 0-518  0 

(32)  =4-0 -173  0 

Cio 

4-0-232  83 

(9)  =  -0-656  8     . 

(2J)  =  —  0-264  5 

(33)  =  -0*468  7 

Cn 

4-0005  79 

(10)  =  4- 0-359  9 

(22)  =  4-0 -747  4 

(34)  =  -0*227  6 

c„ 

—  o'ooi  47 

(11)  =  —  0-232  2 

(23)  =  -0 -499  6 

(35)  =  +  0*516  I 

Cis 

4-0-000  367 

(i2)  =  4-o-529  I 

Checks:  Sum  of  4-  corrections  55-35 
Sum  of  —  corrections  55*32 

(24)  —  4-0-016  6 
and  ^pvv  =  4-  4*867 
—ISwC^  4-  4'872 

(36)  =  — 0*288  5 

Mean  error  of  an  observed  direction  (of  unit  weight)  #«,=   j^P^'^^  =    /£-  79=  db  o'^  *6i 

"V     «         V     13 
n  =  number  of  conditions. 
Mean  error  of  an  angle  m^=  ntj  ^J  =  ±  o'^  '87  and  probable  error  of  the  same  ±  &^,  59. 


where 


TRIANGLES  OP  THE  KENT  ISLAND  BASE  NET,   MARYLAND,    1844  TO   1897. 


No. 


Stations. 


Observed  angles. 


0 

/ 

// 

'  Taylor 

38 

36 

52-37 

I 

Kent  I.  N. 

Base 

88 

35 

36  91 

.  Kent  I.  S. 

Base 

52 

47 

32*01 

01  *29 

Marriott 

21 

56 

43  96 

2 

Taylor 

119 

32 

44-32 

.  Kent  I.  N. 

Base 

38 

30 

31  '55 
59  83 

Marriott 

40 

10 

21*28 

3 

Taylor 

80 

55 

51*95 

.  Kent  I.  S. 

Base 

58 

53 

46*24 

- 

59*47 

Marriott 

18 

13 

37*32 

4 

Kent  I,  N. 

Base 

50 

05 

05*36 

.  Kent  I.  S. 

Base 

III 

41 

18*25 

00  93 

Linstid 

34 

46 

24*83 

5  < 

Kent  I.  N 

.  Base 

32 

26 

27*42 

.  Taylor 

112 

47 

05-71 

57-96 


*    angles,  excess. 

//  //  // 

—  0-59  51*78  0*08 

—  0-31  36*60  0-08 

—  0-15  31-86  0-08 

0*24 
4-0*09  44-05  0-15 
4-0*17  44*49  0-15 
4-0*36  31*91  0-15 

0-45 
4-0*39  21*67  0-21 
-I-0-76  52*71  0-22 

-f  O  -03   46  *27   O  '22 


0-65 
4-0-29   37-61   0*14 

—  0-66  04-70  o  -15 

—  0*12   18*13   0*15 

0.44 

4- 1  -oi  25  -84  o  *o9 
4-  o  -28  27  -70  o  *o9 
-f  I  -02  06-73  o  -09 

0-27 


Log  s. 

3  -938  897  I 

4  -143  529  I 
4-044  816  9 

4-044  816  9 
4*411  765  6 
4  -266  498  4 

4-143  529  I 
4  -328  444  o 

4  266  498  5 

3  *938  897  I 
4328  444  I 

4-411  765  8 

4*044  816  9 
4'oi8  198  2 

4  '253  398  I 


Distances 
in  metres. 


8  687  -545 
13  916  -47 
II  087*07 

1 1  087  *o7 
25  808-67 
18  471  -34 

13  916-47 
21  303  *i6 
18  471  '34 

8  687  -545 
21  303-16 
25  808 -68 

II  087*07 
10  427  -93 
17  922*48 


TRANSCONTINENTAL  TRIANGULATION — PART  I — BASE  LINES. 


63 


TRIANGLES  OP  THE  KENT  ISI^AND  BASE  NET,  NARYI^ND,  1 844  TO   1 897 — continued. 


No. 


Stations. 


Observed  angles. 


0 

/ 

ff 

Linstid 

33 

57 

08-85 

6 

Taylor 

127 

40 

09  97 

Marriott 

18 

22 

44 '54 

03*36 

'  Linstid 

68 

43 

33-68 

7 

Kent  I.  N.  Base 

70 

56 

58-97 

Marriott 

40 

19 

28  50 

01-15 

Webb 

76 

16 

06-19 

8 

Linstid 

66 

18 

42-31 

Marriott 

37 

25 

II -13 

59  63 

Finlay 

25 

43 

36  20 

9 

Linstid 

84 

01 

06  41 

.  Webb 

70 

15 

16  99 
59 '60 

Pooles  Island 

79 

44 

39  79 

10 

Linstid 

46 

42 

57  73 

Finlay 

53 

32 

27-11 

04-63 

Swan  Point 

56 

08 

57  92 

II  ' 

Kent  I.  N.  Base 

60 

07 

41-14 

Linstid 

63 

43 

20-63 

59  69 

'  Swan  Point 

"3 

07 

27  59 

12  i 

Linstid 

30 

30 

19-24 

Pooles  Island 

36 

22 

15*13 

01  -96 


Correc-  ^P^f  ^P^- 

tions.  , 

angles,  excess. 

//  //         ff 

—  I  -25    07  -60  o  -13 

—  I -18    08*79  0-13 

—  0-54    44-00  0-13 


0*39 

—  0-24    33-44    0-37 

+  064  59-61   037 

—  o  "44    28  -06    o  -37 


I  -II 
+  0-27  06  -46  o  -33 
-fo-52  42-83  033 
+  0-58    II -71    0-34 


I  -00 
4-0-97  37  17  0-49 
-fo'69  07-10  0*49 
-j-  o  -21     17  -20    o  -49 


1-47 

—  0-64    39  15    064 

—  0-89    56-84    o  -63 

—  1-20    25  -91    o  '63 


I  -90 
-f  o  "74  58  -66  o  -25 
-fo-07  41-21  0-25 
-|-  o  -26    20-89    o  -26 


0-76 

—  o  -81     26  -78    o  -23 

—  o  -33     18  -91    o  -23 

—  0-12     15-01    0-24 


0-70 


PROBABI«E  ERRORS. 


Log  J. 


4  -266  498  5 

4-417  956  2 
4-018  198  2 

4 -411  765  7 
4  -417  956  2 
4  "253  398  2 

4-417  956  2 

4  '392  324  7 
4*214  204  o 

4*214  204  o 
4  -574  261  9 
4-550  316  3 

4  '550  316  3 
4-419  418  8 
4-462  716  4 

4  *253  398  2 
4-272  151  I 
4  -286  689  I 

4-462  716  4 
4  -204  626  3 
4-272  151  2 


Distances 
in  metres. 


18  471  -34 
26  179-19 

TO  427  93 

25  808-67 

26  179-19 
17  922  -48^ 

26  179-19 
24  678  -84 

16  375  "86 

16  375  -ss 

37  519*9^ 
35  507  '19 

35  507  •19- 
26  267-50 

29  021  -27 

17  922  '48- 

18  713  '33 

19  350  -36^ 

29  021  '27 
16  018  -66 
18  713  "34 


Determination  of  the  probable  errors  of  the  length  of  the  sides  common  to  both  the  net  and  the  adjacent 

chains  of  triangulation. 

For  the  side  Finlay  to  Linstid,  as  adjusted,  we  make  use  of  the  expression — 

Finlay  to  Linstid _      sin  (3  —  i)  sin  (7  —  5)  sin  (14  —  13)  sin  (26  —  25) 


Kent  Id.  Base        sin  (17  —  16)  sin  (23  —  21)  sin  (27  —  26)  sin  (30  —  29) 


64  UNITED  STATES   COAST   AND   GEODETIC   SURVEV. 

hence  the  function — 

.  /^=  log  sin  (3  —  i)  +  log  sin  (7  —  5)  +  log  sin  (14  —  13)  +  log  sin  (26  —  25) 
—  log  sin  ( 17  —  16)  —  log  sin  (23  — 21 )  —  log  sin  (27  —  26)  —  log  sin  (30  —  29) 

Establishing  and  solving  the  transfer  equations,  we  find  the  reciprocal  of  weight 
p  =  27*23,  also  the  mean  error  nip  and  the  probable  error  r^,  both  expressed  in  units  of 

the  sixth  place  of  decimals  in  their  logs.,  viz:  ±3*18  and  dr2'i5  respectively;  hence 

log.  distance  Finlay  to  Linstid  4*550  316  3  and  the  distance  35  507*19  metres.     The 

zb2I  zfco'iS 

probable  error  is  about  tttV^ij  part  of  the  length. 

To  this  must  be  added  the  proportional  error  depending  upon  that  of  the  base 

measure,  or  db  o*o68  X  ^^7,  *  =  1*10*278  metre,  hence — 

o  007. 

Probable  error  of  length  of  side  Finlay  to  Linstid  V(o*i8)'+  (0*278)"=  ±0*33 
metre. 

For  the  side  Webb  to  Marriott,  we  use  the  expression — 

Webb  to  Marriott  _      sin  (24  —  23)  sin  (7  —  5)  sin  (3—1) 
Kent  Island  Base      sin  (27  —  26)  sin  (23  —  21)  sin  (17  —  16) 
F=  log  sin  (24  —  23)  +  log  sin  (7  —  5)  +  log  sin  (3  —  i)  —  log  sin  (27  —  26)  —  log 

sin  (23  —  21)  —  log  sin  (17  —  16) 

Establishing  and  solving  the  transfer  equations — 
We  get  p=  17*91,  also  mF=  ±2*58  and  rF=  zh  1*74,  hence  log.  distance  Webb  to 

Marriott  4*392  324  7,  and  distance  =  2467884  metres.     The   probable  error  is  about 

dr  I  7  ±0*10 

TiT^ouv  part;  adding  to  this  the  proportional  error  arising  from  the  base  measure  or 

24  678  , 

o*o68  X   ^    '    =  it  0*193  metre,  we  have 

o  007 

Probable  error  of  length  of  side  Webb  to  Marriott  V(o*io)'+  (0*193)'  =  ±0*22 
metre. 

DESCRIPTION  OF  STATIONS  FORMING  THE  KENT  ISI^AND  BASE  NET,   MARYLAND. 

Kent  Island  North  Base,  Queen  Anne  County;  established  in  1844  by  James  Ferguson. 
The  island  is  situated  on  the  east  side  of  Chesapeake  Bay  nearly  opposite  Annapolis 
Harbor.  The  station  is  located  on  the  south  side  of  Broad  Creek,  near  its  mouth,  on 
the  western  shore  of  the  island.  The  end  of  the  base  line  was  carefully  marked,  both 
by  underground  and  surface  monuments.  It  is  reported  by  persons  living  in  the  vicinity 
in  1896  that  the  ground  at  this  end  of  the  base  has  been  washed  away. 

Kent  Island  South  Base,  Queen  Anne  County;  established  in  1844  by  James  Ferguson. 
The  station  was  situated  near  the  extreme  end  of  the  point  of  land  between  Prices  Creek 
and  Chesapeake  Bay,  and  was  marked  in  a  similar  manner  to  North  Base.  A  careful 
search  for  this  point  in  1888  proved  that  the  ground  had  been  washed  into  the  bay  years 
before. 
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Taylor^  Anne  Arundel  County;  established  in  1844  by  James  Ferguson.  The  station 
is  situated  on  the  west  side  of  Chesapeake  Bay,  on  Greenburg  Point,  between  Mill  Creek 
and  the  Severn  River.  The  geodetic  point  is  on  the  most  prominent  spot  on  a  hill,  91 
feet  above  the  level  of  the  bay,  belonging  to  Capt.  Lemuel  Taylor.  It  is  about  one- 
fourth  mile  from  his  house,  on  the  north  side  of  the  road  leading  to  the  Severn  Ferry. 
Its  position  was  marked  by  three  stakes,  each  40  feet  distant,  one  in  the  direction  of 
*'  Marriott,"  another  in  the  line  to  "  Linstid,"  and  the  other  one  on  that  line  extended 
southwardly.  It  is  also  226  feet  from  a  small  chestnut  tree  toward  the  line  to  '  *  Mar- 
riott.** This  point  was  searched  for  in  1859  and  in  1888,  but  no  trace  of  it  could  be 
found. 

Swan  Point,  Kent  County;  established  in  1842  by  James  Ferguson.  This  station 
was  originally  situated  on  a  point  of  land  on  the  north  side  of  the  mouth  of  Chester 
River,  on  the  eastern  shore  of  Chesapeake  Bay.  A  resurvey  of  this  shore  in  1896  shows 
that  the  site  of  the  original  station  is  some  distance  out  in  the  bay. 

Marriott y  Anne  Arundel  County;  established  in  1844  by  James  Ferguson.  This 
station  is  situated  about  20  miles  east  of  Washington  City,  6J4  miles  southwest  of 
South  River,  and  about  9^  miles  southwest  of  Annapolis.  The  geodetic  point  is  on 
the  property  of  B.  Marriott,  about  100  yards  east  of  the  road  leading  from  Annapolis  to 
St.  Marys.  It  is  99  feet  from  the  main  post  of  an  old  windmill  and  34  feet  1 1  inches 
from  a  small  hut  on  the  south  side  of  the  hill.  Three  stakes  were  driven  into  the  ground, 
each  30  feet  distant,  one  in  the  direction  of  "Taylor *'  and  the  other  two  at  right  angles 
to  that  line. 

(No  mention  is  made  in  the  original  description  of  either  surface  or  underground 
marks,  but  I  presume  an  earthenware  cone  was  buried  there,  as  seems  to  have  been  the 
custom  at  that  time. — G.  A.  F.) 

Webb,  Anne  Arundel  County;  established  in  1846  by  A.  D.  Bache.  This  station 
is  situated  about  12  miles  northwest  of  Annapolis  and  about  2j^  miles,  by  road,  east  of 
Odenton,  the  junction  of  the  Baltimore  and  Potomac  Railroad  and  the  Annapolis  branch 
of  the  Baltimore  and  Ohio  Railroad.  The  land  now  ( 1896)  belongs  to  James  Woodward, 
president  of  the  Hanover  National  Bank,  New  York  City.  The  geodetic  point  is  on  a 
small  hill  covered  with  a  thick  growth  of  young  trees  about  45  feet  high,  and  is  marked 
as  follows:  The  subsurface  mark  is  the  usual  earthenware  cone,  the  top  17  feet  below 
the  surface,  and  over  this  a  small  granite  block,  7  inches  square  and  5  inches  thick,  the 
top  1*1  feet  below  the  surface  of  the  ground.  The  surface  mark  is  a  rough  block  of 
gi;anite  1*2  feet  long  with  a  4-inch  square  dressed  on  top  and  two  shallow  cross  lines 
marking  the  center.  As  reference  marks  3  granite  posts — each  2  feet  and  2  inches 
long  and  5  inches  square  at  the  top,  with  diagonal  lines  cut  on  them — were  set  5  feet 
distant  from  the  geodetic  point;  one  due  north,  one  due  south,  and  one  due  east. 

Linstid,  Anne  Arundel  County;  established  in  1844  by  James  Ferguson.  This 
station  is  situated  on  the  west  side  of  Chesapeake  Bay,  on  what  is  known  as  Eagle 
Hill,  near  the  head  of  Broad  Creek  on  the  north  shore  of  Magothy  River.  It  is  about 
one-half  mile  in  a  northerly  direction  from  the  old  Linstid  house  and  just  east  of  the 
road  which  passes  over  the  west  side  of  the  hill.  The  station  was  re-marked,  in  January, 
1897,  2is  follows:  The  underground  mark  is  an  earthenware  cone  15  inches  high,  upper 
diameter  6*5  inches  and  lower  diameter  12*5  inches;  the  center  marking  the  station. 
18732 — No.  4 5 
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The  top  is  26  inches  below  the  surface.  About  2  feet  north  of  the  center  and  9  inches 
below  the  surface  a  granite  block  (6  by  7  by  18  inches,  with  one  end  dressed  to  J  inches 
square  and  diagonal  cross  lines  on  it),  was  laid  horizontally,  the  dressed  end  toward  the 
center.  The  surface  mark  is  a  rough  granite  block  18  inches  long,  the  head  dressed  to 
5  inches  square  with  a  hole  one-half  inch  in  diameter  and  three-eighths  inch  deep  in 
the  center;  the  top  being  even  with  the  surface  of  the  ground.  The  reference  marks 
are  triangular  blazes  cut  in  2  chestnut  trees,  with  sixtypenny  nails  driven  in  the  center. 
One  tree  is  2 "3  feet  in  diameter,  bearing  north  76° '5  east  magnetic,  and  distant  48*87 
feet,  and  the  other  1*7  feet  in  diameter,  bearing  south  2°  7  east  magnetic,  and  distant 
17*31  feet  from  the  station. 

Finlay,  Baltimore  County;  established  in  1844  by  James  Ferguson.  This  station  is 
situated  on  Cub  Hill,  about  9  miles  from  Baltimore  on  the  old  Harford  road  and  about 
5  miles  east  of  Towson.  It  is  located  on  the  old  Finlay  farm — ^now  (1896)  the  property 
of  Mr.  Theodore  Fastie — ^about  300  feet  east  of  the  old  Harford  road  and  five-eighths 
of  a  mile  west  of  the  Harford  turnpike.  The  geodetic  point  was  re-marked  in  1896  as 
follows:  A  glazed  drain  tile  4  inches  in  diameter  and  30  inches  long,  filled  with  cement 
and  gravel,  was  sunk  in  the  ground  so  that  the  upper  end  was  3  feet  below  the  surface. 
It  was  set  in  cement  and  gravel  and  a  sixtypenny  nail  at  the  cfenter  of  the  tile  marks 
the  station.  The  surface  mark  is  a  chestnut  post,  the  top  being  even  with  the  surface 
of  the  ground  and  having  a  fortypenny  nail  in  the  center. 

The  northeast  comer  of  an  old  log  house — now  used  as  a  blacksmith  shop — distant 
253*71  feet,  bears  north  47°  06'  west  (true);  a  large  cherry  tree,  distant  126*85  ^^^ 
bears  south  22°  46'  east  (true),  and  the  east  gable  of  the  stone  bam  on  the  Fastie  place 
bears  north  9°  27'  east  (true)  from  the  geodetic  point. 

Pooles  Island,  Harford  County;  established  in  1844  by  James  Ferguson.  Pooles 
Island  is  in  Chesapeake  Bay,  near  its  head,  about  opposite  the  mouth  of  Gunpowder 
River.  The  geodetic  point  is  located  near  the  south  end  of  the  upper  half  of  the  island, 
about  450  feet  in  a  northwesterly  direction  from  the  large  dwelling  house  of  Mr.  John 
Masheter,  present  (1896)  owner  of  the  island. 

A  careful  search  was  made  for  this  point  in  1896,  but  as  all  surface  and  reference 
marks,  except  one,  had  been  destroyed  many  years  before,  the  underground  marks 
could  not  be  found. 

(J))  American  Bottom  Base  Line,  Illinois,  i8j2. 

1,0c  ATI  ox,    MEASURE  MBNT,    AND   I^ENGTH. 

This  base  is  located  in  St.  Clair  and  Madison  counties,  Illinois,  in  the  bottom 
lands  of  the  Mississippi  River,  on  the  eastern  or  Illinois  side  of  it,  and  nearly  opposite 
St.  Louis,  Missouri,  and  about  16  kilometres  (10  statute  miles)  distant  from  it.  It 
served,  in  the  first  instance,  for  a  local  survey  about  St.  Louis.  The  two  end  points  are 
upon  spurs  of  bluffs  about  15  metres  (say  50  feet)  or  more  elevated  above  the  general 
level  of  the  bottom  lands.  These  elevations  were  desirable  in  order  to  have  a  clear  line 
of  sight  over  the  forests  that  fringe  the  low  lakes,  ponds,  and  swamps  which  occupy  the 
middle  portion  of  the  lowlands.  The  middle  point  of  the  base  is  in  latitude  38^  38' '2 
and  in  longitude  90°  02' 'o,  nearly;  the  azimuth  of  the  lower  or  southern  point,  as  seen 
from  the  northern  end,  is  24°  40' ;  the  total  length  is  7*27  kilometres,  or  4*52  statute 
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miles.     The  line  lies  for  more  than  nine-tenths  of  its  length  over  wheat  and  com  lands, 

crosses  3  main  roads,  2  railroads,  and  8  bridges  over  creeks  and  dry  runs.     The  latter 

structures  were  of  a  simple  kind,  and  designed  only  to  support  the  measuring  bars. 

The   measurement  was  made  with  two  6-metre  contact-slide  rods,  known  as  Nos.  i 

and  2.     A  description  of  the  apparatus,  embodying  the  principle  and  construction  of 

Colonel  Mudge's  apparatus,  and  as  modified  and  improved,  will  be  found  in  Appendix 

No.  17,  Coast  and  Geodetic  Survey  Report  for  1880,  pp.  341-345.     Only  one  measure 

was  made,  and  the  work  was  in  charge  of  Assistant  C.  H.  Boyd,  aided  by  Assistant 

Van  Orden  and  Mr.  Featherson,  civil  engineer;  it  occupied  the  time  between  October  30 

and  November  11,  1872.     A  line  of  spirit  levels  was  carried  from  the  so-called  City 

Directrix  at  St.  Louis  to  the  Lower  Base  Monument.     The  St.  Louis  bench  mark  is 

connected  with  the  Gulf  and  Atlantic  levels. 

I 

No.  4. 


2din»ma. 


Sugar  I^oaf  I^ovund. 


Inscaut- Asybuom. 


\ 


XlmnMrhmidt 


UpperBaam 


American 
Bottom  Base 


LowcrBase 


Clarht  Mound 


Dre^er 


Stxtule  Miles 


^^ 


f 


K> 


15 


«o 


Kilozaetres 


i      ■-■       U-l— B 


=F 


10 


Ift 


20 


26 


30 


Sft 


The  Upper  Base  or  northern  terminus  is  marked  by  a  limestone  monument  with 
marks  above  and  below  the  ground;  that  on  the  monument  is  a  cross  cut  in  a  copper 
bolt,  while  under  the  center  and  about  1*2  metres  (4  feet)  below  ground  is  an  earthen- 
ware pyramid.  After  these  terminals  had  been  built  for  about  a  month,  the  line  was 
staked  out  at  distances  of  120  metres;  during  the  measurement  every  twentieth  bar  was 
plumbed  down  and  secured  by  a  stake  and  copper  tack;  the  bars  were  protected  by  a 
portable  tent;  their  inclination  was  had  from  sector  readings,  which  also  gave  the  profile 
of  the  whole  line.     A  thermometer  was  attached  to  each  bar  and  recorded. 

The  6-metre  contact-slide  rods,  Nos.  i  and  2,  were  made  at  the  Survey  oflBce  in 
August,  1867.  "  The  last  determination  of  their  length  before  the  measure  of  the 
American  Bottom  Base  was  in  April  and  August,  1870,  and  was  made  by  comparisons 
with  the  6-metre  standard  bar  No.  2.     The  length  of  this  last  bar,  which  dates  back  to 
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February,   1855,  was  determined  in  April,  i860,  by  Assistant  J.  E.  Hilgard,  with  the 

result — 

5,  =  5  '999  982  3  metres  at  o^C, 

db        10 

Its  coefficient  of  expansion  was  not  determined  until  March,  1897  (see  Assistant  A. 
Braid's  report  of  March  27,  1897);  ^t  was  found  equal  to  o'ooo  01 1  25  for  the  centigrade 
scale.  The  comparisons  of  S^  with  rods  Nos.  i  and  2  were  made  by  means  of  a  Repsold 
lever  comparator,  of  which  i  turn  =31675  microns  and  i  division  =  3168/i. 

The  comparisons  of  April  29,  1870,  give — 

S^  —  No.  I  at  60  '3  F.  =  -^  33  *5o     or     No.  1=6  "001  149  5  at  15  72  C. 
St  —  No.  2  at  60  -I  F.  =  —  35  '17      or      No.  2  =  6  '000  924  6  at  15  '61  C. 

The  comparisons  of  August  30,  1870,  give — 


5a  —  No.  I  at  73  07  F.  =  -h  31  40     or     No.  1  =  6  'ooi  622  i  at  22  -82  C. 
^8  —  No.  2  at  72  -90  F.  =  —  35  '91      or      No.  2  =  6  'ooi  402  i  at  22  72  C. 

Hence  we  have — 

Length  of  rod  No.  i  at  19  "27  C.        6  'ooi  385  8  m. 
Length  of  rod  No.  2  at  19  "16  C.        6  "001  163  4  m. 

Mean,  19*215  6 -001  2746 

In  the  absence  of  other  determinations  for  the  coefficient  of  expansion  of  the  rods 
Nos.  I  and  2  we  deduce  from  the  above  comparison  for — 


irio;/| 
ii'i9>"  J 


No. I  a—  \v\o}i  ,  ^       ,     ^ 

^  1"  for  the  C.  scale. 


For  the  elevation  of  the  base  above  the  mean  sea  level  we  have  from  the  unadjusted 
(not  yet  completed)  lines  of  spirit  levels  the  height  of  the  St.  Louis  City  Directrix,' 
transferred  to  the  bridge  across  the  Mississippi  1258  zfc  0*3  metres;  also  by  spirit  level- 
ing in  1882  by  Assistant  A.  Braid,  top  of  monument  (copper  bolt)  at  Upper  Base  above 
the  City  Directrix  3279  metres;  hence  the  elevation  of  Upper  Base  is  158 '6  metres;  also 
by  spirit  leveling  in  November,  1872,  by  W.  Bauer,  top  of  monument  at  Lower  Base  above 
the  City  Directrix  2 1  '67  metres,  and  elevation  of  Lower  Base  147*5  metres.  The  difference 
in  height  of  the  base  ends  1 1 '  i  metres  is  verified  by  the  sector  readings  during  the  base 
measure.  Whence  we  get  the  average  elevation  of  the  base  above  half  tide  level  of  the 
ocean  132*1  metres,  to  which  is  to  be  added  i*i  metres  for  height  of  apparatus  above 
ground.    The  total  elevation  is  therefore  133*2  metres;  log  radius  of  curvature  6*803  S- 

With  the  al)ove  data  the  length  of  the  American  Bottom  Base  comes  out  as  follows: 

Len^h  of  i  210  mean  rods  Nos.  i  and  2  at  an  average  temperature  Mctrrs. 

of  5S°'69  F.  or  14°  828  C.  7  261  '187  3 

Length  of  rod  No.  i  at  i5°o  C  -f        6  001  7 

Excess  of  Lower  Base  mark  over  the  last  bar  laid  -\-        o  '856  9 

Correction  for  inclination  —         i  -oio  i 

Reduction  to  sea  level  —        0*152  i 


Resulting  length  of  base  7  266  883  7 
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As  the  base  was  measured  but  once,  the  accuracy  of  the  result  can  only  be  roughly 
estimated.  To  the  mere  comparing  error  (d:  i  'opt)  of  S^  we  add  dz  6/i — ^that  is,  i  micron 
for  each  metre — hence  probable  error  for  base  or  i  211  bars,  ±7*4  millimetres.  The 
temperature  of  the  rods  may  be  uncertain  by  ±  o®'2  C,  considering  that  there  was  but 
one  thermometer  attached  to  a  rod;  the  efiFect  of  this  upon  the  length  of  the  base  is 
±  i6*2  millimetres.  A  probable  error  of  0*5  metre  in  the  adopted  elevation  of  the  base 
would  produce  ±  o*6  millimetre.  Taking  the  probable  error  of  a  single  measure  of  a 
kilometre  to  be  d=  i'2  millimetres  (Salina  Base),  that  of  the  base  becomes  ±87  milli- 
metres. Combining  these  four  probable  errors  we  get  ±19*9  millimetres  or  3^5' i^^iy 
of  the  length.  This  may  be  taken  to  represent  the  measuring  error;  combining  it  with 
the  probable  error  due  to  our  practical  unit  of  length,  the  Committee  Metre,  taken  as  dz 

Hm,  we  get  V(i9*9)'+(5'4)'  =  ^  20-6  millimetres  or  about  y^yViTT  part  of  the  length. 
Final  result  for  length  of  base  7  266*883  7  metres, 

±  20  6 
and  logarithm  of  its  length       '  3 '861  348  21 

dc      I  23 

■ 

ABSTRACT   OF    RESULTING    HORIZONTAL  DIRECTIONS,  OBSERVED  AND   ADJUSTED    AT  THE    STATIONS 

FORMING  THE  AMERICAN  BOTTOM  BASE  NET,  187I-72-73  AND   1880. 

Atnerican  Bottom  Lower  Base,  St.  Clair  County,  Illinois.  November  12  to  November  13,  1872. 
25-centimetre  theodolite.  No.  92.  C.  H.  Van  Orden,  observer.  May  24  to  May  28,  1873.  28-centi- 
metre theodolite.  No.  100.     C.  H.  Boyd,  observer. 


No.  of 
direction. 

Objects  observed. 

Resulting  direc- 
tions from  station 
adjustment. 

Corrections 

from  base-net 

adjustment. 

Final  seconds 

in 
triangulation. 

0      /         // 

// 

// 

I 

Insane  Asylum 

0    00    00 -00 

+0-33 

0033 

2 

Minoma 
Standpipe 

28    06    02  '46 
28    14    37  "11 

+0-31 

0277 

3 

Sugar  Loaf  Mound 

109    16    57  79 

— o-8i 

56-98 

4 

American  Bottom  Upper  Base 

114    45    13-03 

-fo-17 

13*20 

Probable  error  of  a  single  observation  of  a  direction  (3/?.  and  3^.  )=  d:  i''-i4. 
Atnerican  Bottom  Upper  Base,  Madison  County,  Illinois.    October  24 'to  November  13, 1872.    25-centi- 


metre theodolite,  No.  74.     C.  H.  Boyd,  observer, 
lite.  No.  100.     C.  H.  Boyd,  observer. 


May  8  to  May  23,  1873.     28-centimetre  theodo- 


5 
6 

7 
8 


American  Bottom  Lower  Base 

Clarks  Mound 

Insane  Asylum 

Standpipe 

Minoma 


o 
o 

2 

49 
67 
75 


00  00 -oo 

04  23  -41 

10  58-48 

51  38*28 

09  13  58 


// 

+0-17 

-fo*57 
-j-o*62 

-1-36 


tf 

00-17 

23  98 
59*10 

12*22 


Probable  error  of  a  single  observation  of  a  direction  (3Z>.  and  3^.  )=  ±  i''-i9. 
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Dreyer^  St.  Clair  County,  Illinois.  October  26  to  October  27,  1871.  30-centimetre  theodolite,  No.  32. 
R.  E.  Halter,  O.  H.  Tittmann,  observers.  June  20,  1873.  25-centimetre  theodolite,  No.  74. 
C.  H.  Van  Orden,  observer.  November  19  to  December  i;  1880.  30-centimetre  theodolite,  No. 
107.    G.  A.  Fairfield,  observer.    Telescope  above  ground  10*21  metres  in  1880. 

31  Kleinschmidt 

32  Insane  Asylum 
Standpipe 

33  Clarks  Mound 
Turkey  Hill  184    06    27  79 

Probable  error  of  a  single  observation  of  a  direction  (Z?.  and  i?. )  =  ±  0^^*98. 


0 

/ 

// 

■// 

ft 

0 

00 

00  "OO 

+077 

0077 

5* 

04 

42-32 

—1  '40 

40-92 

85 

08 

41  16 

140 

08 

3276 

-fo-63 

33*39 

Clarks  Mounds  St.  Clair  County,  Illinois.  October  13  to  November  10,  1871.  30-centimetre  theodo- 
lite, No.  32.  R.  E.  Halter,  O.  H.  Tittman,  observers.  May  28  to  May  31,  1873.  25-centimetre 
theodolite.  No.  74.  C.  H.  Van  Orden,  observer.  Aug^t  13  to  September  4,  1880.  30-centimetre 
theodolite,  No.  107.     G.  A.  Fairfield,  observer.    Telescope  above  ground  io'o6  metres  in  1880. 


0 

/ 

ff 

// 

// 

25 

Dreyer 

0 

00 

O^'OQ 

+039 

0039 

26 

Kleinschmidt 

17 

23 

3035 

—I -80 

28-55 

27 

Insane  Asylum 

46 

08 

58-34 

-fo-75   ' 

5909 

28 

Minoma 

73 

51 

07  94 

+0  73 

08  67 

Standpipe 

77 

38 

29  97 

29 

Sugar  Loaf  Mound 

149 

26 

05-45 

+095 

06 '40 

30 

American  Bottom  Upper  Base 

154 

17 

03-14 

—  I  *02 

02 -12 

Berger 

210 

04 

34-22 

Turkey  Hill 

256 

01 

II  05 

- 

Probable  error  of  a  single  observation  of  a  direction  (Z>.  and  ^. )  =  db  i''*39  C 


Sugar  Loaj  Mound,  Madison  County,  Illinois.  May  12  to  May  24, 1873.  25-centimetre  theodolite,  No. 
74.  C.  H.  Van  Orden,  observer.  September  13  to  September  24,  1880.  30-centimetre  theodolite. 
No.  107.     G.  A.  Fairfield,  observer.    Telescope  above  ground,  14*20  meters  in  1880. 


0 

/ 

ff 

ff 

ff 

Parkinson 

0 

00 

00 'OO 

Berger 

30 

24 

2670 

21 

American  Bottom  Lower  Base 

114 

53 

21*82 

+0*09 

21  '91 

22 

Clarks  Mound 

117 

35 

06*48 

—0*24 

06*24 

23 

Insane  Asylum 

161 

07 

27*22 

033 

26*89 

Standpipe 

174 

35 

29*21 

24 

Minoma 

185 

II 

47-19 

+0*48 

47-67 

ble  err< 

)r  of  a  sinfi:le  observation  of 

a  direction  ( D 

\  and  R.  1 

=  ±L  l'^*20. 
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Insane  Asylum  ^  St.  Louis  County,  Missouri.  November  8  to  November  10,  1871.  30-centimetre 
theodolite,  No.  14.  W.  Eimbeck,  observer.  October  2  to  October  12,  1872.  25-centimetre 
theodolite,  No.  92.  C.  H.  Van  Orden,  observer.  June  5  to  June  23,  1873.  28-centimeter  theodo- 
lite, No.  100.     C.  H.  Boyd  and  C.  H.  Van  Orden,  observers. 


// 


// 


// 


14 

Minoma 

0 

00 

00 'OO 

Standpipe 

39 

46 

44-35 

15 

Sugar  Loaf  Mound 

65 

21 

06  63 

16 

American  Bottom  Upper  Base 

73 

46 

19-17 

17 

American  Bottom  Lower  Base 

89 

50 

07-81 

18 

Clarks  Mound 

98 

31 

40-32 

19 

Dreyer 

148 

18 

49-26 

20 

Kleinschmidt 

200 

16 

12-64 

Patterson 

235 

18 

46  97 

Kessler 

271 

34 

38-11 

Morgan 

306 

29 

30 -88 

•27 


+1-27 

—  -88 
—I  -00 

+    -29 
+    -66 

-  '07 


59-73 

07*90 
18*29 
06 -Si 
40*61 
49-92 

12.57 


Probable  error  of  a  single  observation  of  a  direction  (3Z?.  and  3^. )  = 


I'' 


'30- 


KUinschmidi^  St.  Louis  County,  Missouri.  November  21  to  December  9,  1871.  30-centimetre 
theodolite.  No.  32.  W.  Eimbeck,  observer.  June  21  to  June  22,  1873,  -  25-centimetre  theodolite, 
No.  74.     C.  H.  Van  Orden,  observer. 


34 


35 
36 


Patterson 
Morgan 
Insane  Asylum 
Azimuth  Mark 
Standpipe 
Clarks  Motmd 
Dreyer 


0 

/ 

// 

// 

ff 

0 

00 

00-00 

85 

05 

58-51 

• 

124 

05 

37*73 

+0-58 

38*31 

124 

37 

35 -99 

132 

54 

24-14 

173 

35 

37-11 

—0-76 

36*35 

196 

03 

35*63 

-fo-19 

35-82 

ctioi 

1  (3/?.  and  , 

3^0  = 

=  ±c/'''90. 

Minoma^  St.  Louis  County,  Missouri.    June  5  to  June  11,  1873.     25-centimetre  theodolite,  No.  74. 
C.  H.  Van  Orden,  observer. 


Sugar  Loaf  Mound 

0 
0 

00 

// 
00-00 

// 
—I  -20 

ff 

9 

58-80 

10 

American  Bottom  Upper  Base 

10 

18 

59*95 

+I-60 

61  55 

Standpipe 

28 

II 

26*91 

II 

American  Bottom  Lower  Base 

28 

30 

38-95 

+0-52 

39*47 

12 

Clarks  Mound 

36 

48 

21-53 

—  I -08 

20-45 

13 

Insane  Asylum 

90 

34 

30-33 

+0-16 

30-49 

Morgan 

164 

32 

12-93 

Probable  error  of  a  single  observation  of  a  direction  (3Z?.  and  3-^.)  =  dbc/'-84. 
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No. 
I 

2 

3 

4 

5 
6 

7 
8 

9 

lO 

II 

12 

13 
14 

15 
i6 


Figure  adjustment. 
Obscv  a '  on  equations.* 

o=-h274-h(ii)-(io)-4-    (8)-    (5)4-    (4)-    (2) 

o=  +  i-n  +  (i7)-(i4)-h(i3)-{ii)+   (2)-    (I) 

0=4- 3-83 +(23) -(21) 4-   (3)-    (i)  +  (i7)-(i5) 

0= -37i-h(i3)-    (9) +  (24) -(23) -^(15) -(14) 

o  =  +  o-55-f  (3o)-(27)-f(i8)~(i6)-f    (7)-    (6) 

o=4-6-36-4-(3o)-(28)-f  (i2)-(io.i-h    (8)-    (6) 

0=  -  1-77  4-  (28)  -  (27)  +  (18)  -  (14)  -h  (13)  -  (12) 

0  =  -  ro64-  (29)  -  (28)  -f  ( 12)  -    (9)  -f  (24)  -  (22) 

0=  -  276  +  (33)  -  (32)  +  ( 19)  -  (18)  -f  (27)  -  (25) 

0=  -h 3*29  4-  (36)  -  (34)  -^  (20)  -  (19).+  (32)  -  (31) 

0  =  -f- 1-38  +  (33)  -  (31 )  -r  (36)  -  (35)  -h  (26)  -  (25) 

o=-f  4*o- 1-26(5) +  1-82(7) -0-56(8) -6-40(10) -f7-52(ii)  —  ri2(  13) +  7-31(16) -7-31(17) 

0= +  5*3 -4-68(1) +  3-94(2) +  0-74(3) +0-02(9) +  i-i2(ii)  — 1-14(13)  ~2-o2(2i)  + 6-74(23) 

-4-72(24) 
0=  + 17-4- 1-31(6) +  1-95(7) -0-64(8) -4-22(10) +  5-77(12) -1-55(13) +  0-31(14) +4-57(16) 

-4-88(18) 
0=  -  0-6  -  2-82(9)  +  4-37(  12)  -  i-55(  13)  +  0-31(14)  +  3-22(  15)  -  3-53(18)  -  1-35(22)  +2-22(23) 

-0-87(24) 
0=  +  187-  1-78(18)  +  3-43(19)  -  1-65(20)  -4-70(25)  +6-72(26)  -2-02(27)  -0-68(34) 

+  5-09(35) -4-41(36) 

Correlate  equations, 

Cx        Ca        C3        C4         C5         C6         C7         C«         C9       Cxo       Cxi  Cm  C13  Cx4  Cis  C16 


(X) 

—  1 

—  I 

-4-68 

(2) 

-1 

+  1 

+3 '94 

(3) 

+  1 

+074 

(4) 

+  1 

(5) 

—  I 

•  •  •  • 

•  •  • 

•  •  •  • 

•  •  •  * 

•  ■  •  • 

•  •  •  • 

•  •  •  • 

•  •  •  • 

•  •  •  • 

■  ■  •  • 

-136 

«  ■  •  ■ 

•   •  •    • 

•  ■  •  • 

•  ■  •   • 

(6) 

—I 

-1 

-x-31 

(7) 

• 

+1 

+i'8a 

+  1*95 

(8) 

+  1 

+1 

-0-56 

— 0*64 

(9) 

—  I 

—I 

+0-O2 

-2-82 

(10) 

—  I 

•  •  •  • 

•  •  •  • 

•    •   •    • 

•  •  •  • 

—I 

•  ■  •  ■ 

•   ■  •    • 

•  •  •  ■ 

•  ■  •  • 

■  •  ■  • 

-6-40 

•   •        • 

-4 -22 

•   •  ■    • 

•   •  •    » 

(II) 

+  1 

-I 

+7*52 

+  1*12 

(12; 

+  x 

—I 

+1 

+5-77 

+4-37 

(13) 

+  1 

+1 

+1 

-I'la 

-1-14 

-1-55 

-x-55 

(«4) 

—  I 

-I 

—I 

+0-3! 

-I-0-3I 

(15) 

•  •  *  ■ 

•  •  •  • 

—  1 

+1 

•  •  •  » 

■   «  •    • 

■  •  •  • 

«  •  •  • 

•   ■  •    • 

•  ■  •  • 

•  •  •  • 

•  •  •  • 

•  ■  •  • 

•  •  ■  • 

+3*22 

•   •  •    • 

(t6) 

—  I 

+7 '31 

+4*57 

(17) 

+  1 

+  1 

-7-3X 

(18) 

+1 

+1 

—  X 

-4-88 

-3-53 

-1-78 

(19) 

+1 

—I 

+3*43 

(») 

•  ■  •  ■ 

•  ■  •  • 

•  •  •  ■ 

•  •  ■   • 

«  •  •  • 

•  •  •  • 

•   ■  ■    • 

»  •  •   > 

■  •  •   • 

+1 

•  ■  •  • 

•  •  •  • 

•  •  •  ■ 

•  •  •  • 

■  •  •  • 

-1-65 

(21) 

-X 

—2*02 

(22) 

—  I 

-x-35 

(23) 

+  x 

-I 

+674 

+2*22 

(24) 

+1 

+x 

-472 

-0*87 

(25) 

•  •  •   • 

•  •  •  ■ 

•  •  •  • 

•  «  •  • 

«  •  •  • 

•  •  •  • 

•  ■  •  ■ 

•  •  •  • 

—  X 

•  •  •  • 

—  I 

•  •  •  • 

•   •  •    • 

•  •  •  • 

•   •  •    • 

-4  70 

(26) 

+1 

+672 

(27) 

—I 

—I 

+x 

—2*02 

(28) 

—  1 

+1 

—  I 

^  Number  of  angle  equations  11  and  of  side  equations  5;  the  latter  are  established  with  7  place  logarithms,  differ- 
ences for  1"  refer  to  the  sixth  place  of  decimals. 
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C,        C3 


FIGURE  ADJUSTMENT — continued. 
Correlate  equations — Continued. 

C6    ■    C7         Cs         C9        Cio       Cii  Cxa 


C13 


Cm 


C.5 


C16 


(39) 
(30) 
(30 
(3a) 
(33) 
(34) 
(35) 
(36) 


+1 


I  •  •  •  •  I 


+1       +1 


—I 

+1 


— X 

+1 

—  X 


—  I 

+1 

-I 

+1 


-0-68 
+509 

-4 '41 


Normal  equations. 


Cx 

Ca 

C3 

C4 

C5 

C6 

C7 

C8 

C9 

Cio 

C„ 

Cxa 

Cn 

Cu 

C.5 

Citf 

0-+  274 

+6 

—a 

+2 

+ 

14*62 

— 

2-82 

+ 

358 

+    X'll 

+6 

+  2 

+a 

+2 

— 

1595 

+ 

636 

— 

I  86 

-   1-86 

+  3*83 

» 

+6 

—2 

~ 

7  31 

+ 

14 '18 

-    X"00 

-  371 

+6 

+2 

+2 

— 

X-I2 

- 

12 '62 

— 

1-86 

+  I  09 

+  055 

■  •  •  • 

•  •  •  • 

«  •  •  • 

•  ■  •  • 

+6 

+a 

+2 

•    •  •    • 

-2 

•  •  •  • 

•   •  •    a 

— 

5 '49 

•  •  •  ■ 

- 

6  19 

-  3  "53 

+ 

024 

+  636 

+6 

~2 

+2 

+ 

5  84 

• 

+ 

10-66 

+  4  37 

-  1*77 

+6 

—  2 

—  2 

— 

I -12 

— 

I  14 

— 

12-51 

-  976 

+ 

0*24 

-  106 

+6 

— 

4  74 

+ 

5*77 

+  7-67 

-a-76 

+6 

-2 

+  2 

+ 

4-88 

+  3  53 

+ 

789 

+  339 

■  •  •  « 

•  •  •  • 

•  •  •  • 

•  •  •  • 

•  •  •  • 

•  ■  •  • 

•  •  •  • 

«  •  •  • 

•  •  •  ■ 

+6 

+  2 

« ■  •  • 

•  •  •  • 

•  •  •  • 

•  •  •  • 

— 

8-8X 

+  x-jS 

+6 

+ 

x-92 

+  4-0 

+  2x0-85 

+ 

971 

+  66 -06 

+  174 

+  5*3 

+  112-31 

+ 

177 

+20-78 

+17*4 

+  104 '23 

+44 '94 

+ 

8*69 

-  0-6 

•  •  •  • 

•  ■  ■  • 

•  ■  •  • 

•  •  •  • 

•  V  ■  • 

■  •  •  • 

•  •  •  ■ 

•  •  •  • 

*  •  ■  • 

•  •  •  • 

•   •  •    • 

•  •  •  • 

1 

•  ■  •  • 

•  •  •  • 

+59-88 

+ 

6  26 

+X8-7 

+134-80 

Resulting  values  0/ correlates  and  0/ corrections  to  angular  directions. 


Cx= 

=+0  -174 

c. 

-I  742 

c, 

—  I  -229 

C4 

-hi  742 

C5 

-fo-453 

C6 

-1-470 

Cr 

4-0  208 

C8 

-f  0  950 

c. 

-f  0  972 

Co 

—0  '429 

Cx, 

-0  342 

Cx. 

—0  -270 

c, 

+0  565 

Cx4 

+0  338 

C5 

-0  527 

C.6 

—0  '217 

Corrections. 

// 

ff 

// 

(I) 

=  -f  0  -327 

(13)  = 

•-  +  0  -159 

(25)  = 

=  +  0  -390 

(2) 

+        -310 

(14) 

-    -266 

(26) 

-  I  800 

(3) 

—        -811 

('5) 

+  I  -274 

(27) 

+    -749 

(4) 

+    -174 

(16) 

•882 

(28) 

+    -728 

(S) 

-f     -166 

(17) 

-     997 

(29) 

+    -950 

(6) 

-f    '574 

(18) 

-h      286 

(30) 

—  I  -017 

(7) 

-f-     621 

(19) 

+     -657 

(30 

+     -771 

•(8) 

-  I  -361 

(20) 

—     '071 

(32) 

—  I  "401 

(9) 

-  I  *i95 

(21) 

+     088 

(33) 

+     -630 

(10) 

+  1-598 

(22) 

-     -239 

(34) 

+    -577 

CO 

+  0-519 

(23) 

-    '333 

(35) 

-     763 

(12) 

—  I -081 

(24) 

+     -483 

(36) 

+    -186 

Checks:  Sum  of  all  +  corrections  12*217  ^ind    2  fivv  =  -j-  23*648 
Sum  of  all  —  corrections  12*217  ^^d  —SwC=  -f  23*615 


Mean  error  of  an  observed  direction  w,  =J^'^—^  =  ib  i''*22 

where  n  =  number  of  conditions. 
Mean  error  of  an  angle 


w^  ^wi,^2  =  =t  i'''72  and  probable  error  of  same  dr  i''*i6. 
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TRIANGI,RS  OP  TKB   AMBRICAX   BOTTOM   BASE   NET,  ILUNOIS   AND  MISSOURI,  187I    to    I880. 

No.  Stations.  Observed  angles.  ^AnV     '*^1        '*^'  ^-^  ■^• 


Correc-  Spl»er-  Spher- 

Uons.       »<=?•        '«»' 
angles,  excess. 


o  / 


// 


Minoma  i8     ii     39*c» 

Am.  Bot.  Up.  Base      75    09     13  -58 
Am.  Bot.  Low.  Base     86    39     10*57 


03-15 

[  Insane  Asylum 

73 

46 

19-17 

2 

Minoma 

80 

15 

30-38 

[  Am.  Bot.  Up.  Base 

25 

58 

15*10 
04*65 

Insane  Asylum 

89 

50 

07-81 

3 

Minoma 

62 

03 

51-38 

Am.  Bot.  Low.  Base 

28 

06 

02  -46 

01  -65 

Insane  Asylum 

16 

03 

48-64 

4  - 

Am.  Bot  Up.  Base 

49 

10 

58-48 

Am.  Bot.  Low.  Base 

114 

45 

13*03 
00-15 

Sugar  Loaf  Mound 

46 

14 

05*40 

5 

Am.  Bot.  Low.  Bas^ 

109 

16 

57-79 

Insane  Asylum 

24 

28 

61 -18 

04-37 

r  Sugar  Loaf  Mound 

70 

18 

25*37 

6 

Am.  Bot.  Low.  Base 

81 

10 

55*33 

Minoma 

28 

30 

38 -95 
59*65 

Sugar  Loaf  Mound 

24 

04 

19-97 

7 

Insane  Asylum 

65 

21 

06-63 

Minoma 

90 

34 

30-33 
56-93 

Clarks  Mound 

27 

42 

09-60 

8 

Insane  Asylum 

98 

31 

40-32 

Minoma           ^ 

53 

46 

08-80 
58-72 

Clarks  Mound 

103 

17 

07  -II 

9 

Insane  Asylum 

33 

10 

33-69 

Sugar  Loaf  Mound 

43 

32 

20-74 
01-54 

Clarks  Mound 

108 

08 

04-80 

0 

Insane  Asylum 

24 

45 

21  -15 

Am.  Bot.  Up.  Base 

47 

06 

35-07 

01  -02 


// 


// 


// 


047 


Distances 
in  metres. 


—I  -08 

37-92 

0-14 

3*861 

348  2 

7  266-884 

-1-53 

12-05 

0*14 

4-352 

123  5 

22  496  94 

—0-13 

10-44 

0-13 
0-41 

4  366 

128  5 

23  234-24 

-— o-6i 

18-56 

0-2I 

4-366 

128  5 

23  234-24 

-1-44 

28-94 

0-20 

4-377 

478  4 

23  849  -45 

—1-98 

13-12 

0-21 
0*62 

4-025 

166  I 

10  596  *59 

0-73 

07-08 

0-18 

4-352 

123  5 

22  496  94 

—0-36 

51  -02 

o-i8 

4-298  318  3 

19  875  -51 

— 0-02 

02-44 

o-i8 
054 

4-025 

166  I 

10  596  -59 

— 0-I2 

48-52 

o-ii 

3*861 

348  2 

7  266-884 

4-0-45 

58-93 

o-ii 

4-298 

3183 

19  875  -51 

—0-15 

12-88 

o-ii 

0-33 

4*377 

478  3 

23  849-45 

—0*42 

04-98 

0-18 

4-298  318  3 

19  875  -51 

-I -14 

5665 

o-i8 

4-414 

600  7' 

25  977  -70 

—2  -27 

58-91 

o-i8 
0-54 

4*057 

117  2 

II  405-57 

-1-0-40 

25*77 

0-21 

4*352 

123  5 

22  496-94 

—  I  -12 

54*21 

0-22 

4*373 

133  3 

23  612  -03 

4-1 -71 

40-66 

0-21 
0-64 

4-057 

117  2 

1 1  405  -57 

-fo  -82 

20-79 

0-21 

4-025 

166  I 

10  596  -59 

-hi*54 

08-17 

0*21 

4*373 

133  2 

23  612  -02 

-hi '35 

31*68 

0-22 
0*64 

4-414 

600  7 

25  977  -70 

—0-02 

09-58 

o-i6 

4-025 

166  I 

10  596  -59 

+0-55 

40-87 

0*17 

'  4  *352  994  4 

22  542  -10 

+1*24 

10-04 

0-16 
0-49 

4-264 

505  3 

18  386  -76 

-f-0-20 

07-31 

0-22 

4-414 

600  7 

25  977  -70 

-0-99 

32-70 

0-22 

4  -164  534  3 

14  606-10 

—0-09 

20  65 

0-22 

0-66 

4-264 

505  3 

18  386  -76 

-1-77 

03*03 

0-15 

4*377 

478  3 

23  849-45 

+  I-I7 

22  -32 

o-i6 

4-021 

566  I 

10  509-11 

4-005 

35*12 

o-i6 

4-264 

505  2 

18  386  -76 

TRANSCONTINENTAL  TRIANGULATION — PART  I — BASE  LINES. 


75 


TRIANGI^BS  OP  THB  AMERICAN  BOTTOM  BASE 


No. 


II 


12 


13 


16 


Stations. 

Clarks  Mound 
Minoma 
Sugar  Loaf,  Md. 

Clarks  Mound 

Minona 

Am.  Bot.  Up.  Base 

Dreyer 

Insane  Asylum 
Clarks  Mound 


Kleinschmidt 

14  {   Insane  Asylum 
Clarks  Mound 

Kleinschmidt 

15  {   Insane  Asylum 
Dreyer 


Kleinschmidt 
Clarks  Mound 
Dreyer 


Observed  angles. 

o  /  // 

75     34    57-51 
36    48     21  -53 

67    36    4071 


5975 
80    25    55  20 

26    29    21  '58 
73    04    50  -17 


06  95 

84  03  50-44 
49  47  0894 
46  08  58  '34 


49  29 

loi  44 

28  45 


71  57 

51  57 
56  04 


22  27 

17  23 
140  08 


5772 
59-38 
32  32 
27 '99 

59*69 
57  90 
23-38 
42  32 

03-60 

58-52 

30-35 
32-76 

01  63 


NET,  II.UNOIS 

AND  MI.S.SOURI,  187I  TO 

1880—cont'd. 

Correc- 
tions. 

Spher- 
ical 
angles. 

Spher- 
ical 
excess.    ' 

hogs. 

Distances 
in  tnetres. 

// 

// 

// 

-fO-22 

57*73 

0-27 

4  *373  133  3 

23  612  -03 

-fO-I2 

• 

21-65 

0*27 

4-164  534  3 

14  606*10 

-ho -72 

41*43 

0*27 
o-8i 

4  -352  994  4 

22  542  *IO 

-I  "75 

53*45 

0*19 

4  -366  128  5 

23  234-24 

-2-68 

18*90 

0-20 

4-021  s66  I 

10  509-11 

-1-93 

48-24 

0-20 

059 

4  -352  994  3 

22  542  -10 

+2  03 

52 '47 

o-i6 

4  264  505  3 

18  386  76 

+037 

09*31 

o'i6 

4  149  726  7 

14  116*49 

+0-36 

58-70 

0*16 
0-48 

4 '124  866  I 

13  331  *io 

-r-34 

58  04 

o-i8 

4  -264  505  3 

18  386  76 

—0-36 

31-96 

0-17 

4  '374  278  9 

23  674  *4o 

-f2-54 

30 -53 

0-18 
053 

4  065  715  I 

II  633*63 

0-39 

57-51 

o-ii 

4-124  866  I 

13  331 *io 

-0-73 

22  65 

o-io 

4  -043  016  7 

II   041  '21 

—2  -17 

40-15 

o-io 

031 

4-065  715  2 

1 1   633  63 

+0-95 

59*47 

0-09 

4  -149  726  7 

14   116*49 

—2-19 

28-16 

008 

4-043  016  6 

II  041  -21 

—0-14 

32-62 

o-o8 

4  -374  278  9 

23  674  -40 

0-25 


PROBABLE  ERRORS. 


Detertnination  of  the  probable  errors  of  the  length  of  the  sides  common  to  the  net  and  the  adjacent 

chains  of  triangulation. 

For  the  side  Sugar  Loaf  Mound  to  Clarks  Mound,  as  adjusted,  we  make  use  of 
the  expression — 

Sugar  Loaf  Mound  to  Clarks  Mound  sin  (8  —  5)  sin  (3  —  2)  sin  (12  —  9) 

American  Bottom  Base  ~  sin  ( 11  —  10)  sin  (24  —  21 )  sin  (29  —  28) 

hence  the  function 

F=\og  sin  (8  —  5)-!- log  sin  (3  — 2) -flog  sin  (12  — 9)  — log  sin  (11  —  10)  —log  sin  (24  —  21) 

—  log  sin  (29  —  28) 

Establishing  and  solving  the   transfer  equations,  we  find  the  reciprocal  of  the 

weight  T>  =  46*04,  also  the  mean  error  mp  and  the  probable  error  r^y  both  expressed  in 
units  of  the  sixth  place  of  decimals  in  their  logarithms,   viz:   d=8*25  and  ±5 '56, 
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respectively,  hence  log  distance  Sugar  Loaf  Mound  to  Clarks  Mound  4"  164  534  3  and 

=b     56 

the  distance  14  6o6'io  metres.     The  probable  error  is  about  Tfl-feinr  P^^  of  the  length. 

±1   o'i9 

To  this  must  be  added  the  proportional  error  depending  upon  that  of  the  base  measure, 
or  ±o"o2o6  X T-  =  ziz0'04i  metre;  hence  probable  error  in  length  of  side  Sugar 

Loaf  Mound  to  Clarks  Mound  V(o*i9)'+  (0*041)*  =  =t  0*19  metre. 
For  the  side  Clarks  Mound  to  Dreyer  we  use  the  expression — 

Clarks  Mound  to  Dreyer _     sin  (4  —  i )  sin  (7  —  6)  sin  ( 19  —  18) 
American  Bottom  Base       sin  (17  —  16)  sin  (30  —  27)  sin  (33  —  32) 

/J'=log  s'n  (4—1) -flog  sin  (7  — 6) -flog  sin  (19  — 18)— log  sin  (17  — 16)— log  sin  (30^27) 

—  logsm  (33  —  32) 

I 
Establishing  and  solving  the  transfer  equations,  we  get  -7,=  40*94,  also  fnf=  ± 

7'78  and  rf=  ±5*25,  hence  log  distance  Clarks  Mound  to  Dreyer  4*149  726  7  and 

±52 

distance  14  116*49  metres.     The  probable  error  is  about  g^  Voit  P^rt  of  the  length. 

dz     0*17 

14  116 
Adding  to  this  the  proportional  error  due  to  that  of  the  base  measure,  or  0*0206  X r- 

=  ±0*040  metre,  we  have  probable  error  of  length  of  side  Clarks  Mound  to  Dreyer 

V(o*i7)'+  (0*040)'=  dzo*i7  metre. 

For  the  side  Minoma  to  Insane  Asylum  we  use  the  expression — 

Minoma  to  Insane  Asylum sin  (8 — 5)  sin  (2 — i) 

American  Bottom  Base         sin  (11  —  10)  sin  (17—14) 

F=  log  sin  (8  —  5)  -f  log  sin  ( 2  —  i )  —  log  sin  ( 11  —  10)  —  log  sin  ( 17  —  14) 

Establishing  and   solving  the  transfer  equations,  we  find  the  reciprocal  of  the 

weight  T,=  41*48,  also  the  mean  error  my=  ±7*83  and  probable  error  rF=  ±5*28; 

hence  log  distance   Minoma  to  Insane  Asylum  4*025  166  i   and  distance   lo  596*59 

=1=     5  3  =t  0-13 

metres.     The  probable  error  is  about  ^9  Vitd  part  of  the  length.     Adding  to  this  the 

10  597 
proportional  error  due  to  that  of  the  base   measure,   or  0*0206  X 7-  =  db  0*030 

metre,  we  have  probable  error  of  length  Minoma  to  Insane  Asylum  V(o*i3)*  +  (0*030)" 
=  di  0*13  metre. 

For  the  side  Insane  Asylum  to  Kleinschmidt  we  use  the  expression — 

Insane  Asylum  to  Kleinschmidt __     sin  (4—1)  sin  (7  —  6)  sin  (27  —  26) 
American  Bottom  Base  sin  ( 17  —  16)  sin  (30  —  27)  sin  (35  —  34) 

/''■s log  sin  (4  —  l)  -f  log  sin  (7  —  6)  +  log  sin  (27  —  26)  —  log  sin  ( 17  —  16)  —  log  sin  (30  —  27) 

-logsin  (35  —  34) 

Establishing   and  solving   the  transfer  equations,  we  find  the  reciprocal  of  the 
weight  -0=  47*36,  also  the  mean  error  mp=  dt  8*42  and  the  probable  error  />  =  =t  5*68, 
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hence  log  distance  Insane  Asylum  to  Kleinschraidt  4*065  715  i  and  distance  11  633 "63 

±57  :t       -15 

metres.     The  probable  error  is  about  tt  Hit  P^rt  of  the  length.     Adding  to  this  the 

.    ,     ,  II  634 

proportional  error  due  to  that  of  the  base  measure,  or  o'o2o6  X  "^267  ^  ^-^33  i^^tre, 

we  have  probable  error  of  length  Insane  Asylum  to  Kleinschmidt  V(o'i5)*+  (0*033)' 
=  it  0*15  metre. 

DESCRIPTION   OF  STATIONS  FORMING  THE  AMERICAN  BOTTOM   BASE  NET— II^LINOIS  AND   MISSOURI. 

American  Bottom  Lower  Base,  St.  Clair  County,  Illinois;  established  in  1872  by 
C.  H.  Boyd.  This  station  is  situated  on  the  west  slope  of  the  Illinois  bluffs  on  the  east 
side  of  the  American  bottom,  opposite  St.  Louis,  Missouri,  on  land  belonging  to  Mr. 
Francis  Simoin.  The  geodetic  point  is  on  the  west  side  of  the  road  running  north  from 
the  Belleville  rock  road  along  the  foot  of  the  bluffs  through  the  small  settlement  of 
French  Village.  It  is  about  i  mile  from  the  rock  road  and  one-fourth  mile  from  the 
village,  4  metres  west  of  the  fence  at  the  side  of  the  road,  and  about  193  metres  north 
of  Mr.  Davenroi's  house.  The  center  is  marked  by  a  cross  cut  on  a  copper  bolt  set  in 
the  top  of  a  limestone  monument  12  by  14  by  40  inches,  having  the  letters  U.S.C.S.  cut 
on  the  side  facing  the  base,  1872  on  one  side  and  BASE  on  another.  An  earthenware 
pyramid  is  buried  4  feet  below^  the  surface  of  the  ground,  under  the  cross  on  the  copper 
bolt.  Two  reference  stones  were  set,  one  in  prolongation  of  the  base,  distant  39*37 
feet,  and  the  other  at  right  angles  to  the  eastward,  distant  63  feet  from  the  center. 

Americayi  Bottom  Upper  Base,  Madison  County,  Illinois;  established  in  1872  by 
C.  H.  Boyd.  This  station  is  situated  on  the  west  slope  of  the  Illinois  bluffs  on  the  east 
side  of  the  American  bottom,  opposite  St.  Louis,  Missouri,  on  land  belonging  to  Mr.  A. 
Sumner.  The  geodetic  point  is  about  one-fourth  mile  north  of  the  road  from  East 
St.  Louis  to  CoUinsville  and  a  short  distance  east  of  the  road  running  north  from  the 
Collinsville  road  along  the  foot  of  the  bluffs.  The  center  is  marked  by  a  cross  cut  on  a 
copper  bolt  set  in  the  top  of  a  limestone  monument  12  by  14  by  40  inches,  inscribed  in 
a  similar  manner  as  the  monument  at  Lower  Base.  An  earthenware  pyramid  is  buried 
4  feet  below  the  surface  of  the  ground  directly  under  the  cross  on  the  copper  bolt. 
Two  reference  posts  were  set,  one  in  prolongation  of  the  base  and  one  at  right  angles  to 
the  eastward,  each  5  by  5  by  30  inches  and  distant  24  feet  from  the  center. 

Minoma,  St.  Louis  County,  Missouri;  established  in  1872  by  C.  H.  Boyd.  This 
station  is  on  the  cupola  of  the  residence  of  Mr.  Jefferson  Clark,  situated  about  one-half 
mile  north  of  the  Natural  Bridge  road  and  about  7  miles  from  St.  Louis.  The  geodetic 
point  is  the  center  of  the  flagstaff  on  top  of  the  cupola. 

Insane  Asylum,  St.  Louis  County,  Missouri;  established  in  1871  by  R.  E.  Halter. 
This  asylum,  also  known  as  the  "County  Lunatic  Asylum,"  is  situated  on  the  "County 
farm  forming  part  of  a  larger  tract  of  land  known  as  the  '  *  Gratiot  League  Square. "  It  is 
about  5  miles  southwesterly  from  the  court-house  at  St.  Louis  and  about  500  feet  south 
of  the  Arsenal  street  road,  at  a  point  about  one-half  mile  westerly  from  its  intersection 
with  the  Kings  Highway.  The  geodetic  point  is  the  finial  of  the  cupola  of  the  building. 
Eccentric  points  were  occupied  on  the  main  floor  of  the  cupola. 

Sugar  Loaf  Mound,  Madison  County,  Illinois;  established  in  187 1  by  R.  E.  Halter. 
This  station  is  situated  near  the  middle  of  the  north  line  of  the  northeast  quarter  of  section 
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20,  township  3  north,  range  8  west,  about  3  miles  northwest  of  Collinsville  on  the  Van- 
dalia  Railroad.  It  is  on  a  very  prominent  mound  on  the  edge  of  the  bluffs,  with  a  steep 
slope  in  all  directions  falling  ofiF  about  50  feet  to  the  level  ground  to  the  eastward  and 
150  to  200  feet  to  the  westward  down  to  the  American  bottom.  A  small  private  grave- 
yard is  just  south  of  the  mound.  The  geodetic  point  is  a  little  to  the  north  of  the  cen- 
ter of  the  mound  and  is  marked  with  the  usual  earthenware  pyramid,  the  apex  being 
3' I  feet  below  the  surface  of  the  ground.  The  surface  mark  is  a  white  marble  post, 
6  by  6  inches  square  and  2  feet  and  6  inches  long,  projecting  about  i  inch  above  the 
ground,  having  cross  lines  cut  on  the  top  with  the  letters  U.S.C.&G.S.  cut  in  the  four 
squares. 

Clarks  Mound,  St.  Clair  County,  Illinois;  established  in  1871  by  R.  E.  Halter. 
This  station  is  situated  near  the  middle  of  the  south  line  of  the  northwest  quarter  of 
section  35,  township  2  north,  range  9  west,  directly  on  the  bluffs  overlooking  the 
American  bottom,  about  three-fourths  mile  south  of  French  Village  and  about  7  J^  miles 
northwest  of  Belleville.  The  mound  is  quite  prominent,  the  property,  in  1880,  of  Mr. 
William  Clark,  of  St.  Louis.  The  underground  mark  is  the  center  of  the  bottom  of  a 
soda-water  bottle  buried,  bottom  up,  2  feet  and  7  inches  below  the  surface  of  the  ground. 
The  surface  mark  is  (in  1880)  a  white  marble  post  6  inches  square,  2  feet  6  inches  long, 
projecting  about  2  inches  above  the  ground,  the  top  cut  and  inscribed  Uke  the  one  at 
Sugar  Loaf  Mound.  Two  white  marble  posts,  4  inches  square,  2  feet  6  inches  long, 
with  diagonal  lines  cut  on  the  top,  an  arrowhead  at  the  end  of  one  of  the  lines  pointing 
to  the  station,  were  set  as  reference  marks;  one  in  prolongation  of  the  line  to  the  Blind 
Asylum,  St.  Louis,  and  the  other  in  prolongation  of  the  line  to  Sugar  Loaf  Mound,  each 
50  feet  distant.  Additional  reference  marks  are  nails  in  the  centers  of  triangles  cut  on 
3  trees,  as  follows: 

A  hickory  64*3  feet  distant,  bearing  north  41"^  30'  east;  a  white  oak  39*3  feet 
distant,  bearing  south  57°  30'  east,  and  a  hickory  92*2  feet  distant,  bearing  south  51°  30' 
east — bearings  magnetic. 

Dreyer,  St.  Clair  County,  Illinois;  established  in  1871  by  R.  E.  Halter.  This  station 
is  situated  in  the  southern  part  of  section  27,  township  i  north,  range  10  west,  on  the  bluffs, 
about  6  miles  northwest  of  Centerville,  about  i  J^  miles  nearly  south  of  Falling  Springs, 
and  nearly  east  of  where  the  Carondelet  rock  road,  which  crosses  the  bottom,  strikes 
the  bluffs.  It  is  on  land  belonging  to  Friedrich  Dreyer,  about  370  metres  west  by  north 
from  his  house  and  about  17  metres  north  of  the  road  leading  to  the  bluffs.  The  apex 
of  an  earthenware  pyramid,  3  feet  below  the  surface,  marks  the  geodetic  point.  The 
surface  mark  is  a  spike  in  the  center  of  a  cedar  stub.  4  by  4  by  30  inches,  projecting 
about  3  inches  above  the  ground.  A  white  marble  post,  6  by  6  by  29  inches,  with  cross 
lines  cut  on  top  and  the  letters  U.S.C.&G.S.  cut  in  the  four  squares,  was  set  south  of 
the  station  in  the  fence  line  north  of  the  road,  a  trifle  below  the  surface,  distant  64*43 
feet  from  the  geodetic  point  and  i  210  feet  from  the  northwest  comer  of  Dreyer' s  com 
house.  Two  other  marble  posts,  4  by  4  by  30  inches,  with  diagonal  lines  (arrowhead 
at  end  of  one  line  pointing  to  the  station)  were  set  in  the  fence  line,  projecting  about  2 
inches  above  the  surface,  as  reference  marks — one  west  and  one  east  of  the  larger  post, 
the  weSt  one  distant  107*95  feet  and  the  east  one  76'55  from  the  geodetic  point.  The 
following  angles  were  measured  at  the  center:  East  stone,  o°*oo';  south  stone,  45^*09'; 
west  stone,  90** '18'. 
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• 
Kleinschmidt,  St.  Louis  County,  Missouri;  established  in  1871  by  R.  E.  Halter. 

This  station  is  situated  in  township  44  north,  range  6  east  of  the  fifth  principal  meridian, 

on  an  eminence  known  as  Terrills  Hill  in  the  southwest  part  of  the  commons  of  Caronde- 

let,  south  of  the  River  des  Peres,  on  lot  belonging  to  Henry  Kleinschmidt,  at  northeast 

corner  of  intersection  of  Lemay  Ferry  and  Sappington  Barracks  roads.     The  apex  of 

an  earthenware  pjrramid,  set  2  feet  and  4  inches  below  the  surface  of  the  ground,  marks 

the  geodetic  point.     The  surface  mark  is  a  tenpenny  nail  in  the  center  of  a  white  pine 

stub  4  inches  square.     Two  cedar  stubs  were  set,  41  feet  apart,  within  i  foot  of  the 

fence  on  the  north  side  of  the  Sappington  Barracks  road,  as  reference  marks — one  due 

south  of  the  geodetic  point,  41  feet  4  inches  distant,  and  132  feet  distant  from  the  east 

comer  of  the  lot,  the  other  37  feet  7  inches  distant  from  the  geodetic  point  and  225  J^ 

feet  from  the  west  corner  of  the  lot.     Distance  from  geodetic  point  to  southeast  comer 

of  rock  foundation  of  Kleinschmidt* s  house  is  149  feet,  and  to  northeast  comer  of  rock 

foundation  of  Bauer's  house,  south  of  Sappington  Barracks  road,  165  feet  and  3  inches. 

The  angle  at  the  station  between  the  house  comers  is  75°  18'. 

{c)   Olney  Base  Line,  Illinois,  ^^79' 

IX)CATION,   MEASUREMENT,   AND    I^BNGTH. 

This  base  line  is  due  to  the  labors  of  the  United  States  Lake  Survey,  and,  on  account 
of  its  position  with  reference  to  the  transcontinental  triangulation  and  its  high  accu- 
racy, has  been  incorporated  into  the  scheme  of  triangulation  passing  over  this  region 
between  the  American  Bottom  Base,  Illinois,  and  the  Holton  Base,  Indiana.  A  full 
account  of  the  measure  of  this  base  is  given  in  '* Report*  upon  the  Primary  Trian- 
gulation of  the  United  States  Lake  Survey  by  Lieut.  Col.  C.  B.  Comstock,  Corps  of 
Engineers,  brevet  brigadier-general.  United  States  Army,  aided  by  the  assistants  of  the 
Survey,'*  to  which  the  reader  is  referred  who  may  desire  more  information  than  what  is 
given  here,  viz,  a  brief  abstract  of  a  chapter  (XII)  in  that  publication. 

The  Olney  Base  is  situated  on  a  prairie  in  the  southern  part  of  Jasper  County,  Illi- 
nois,  about  13  kilometres  (say  8  statute  miles)  from  Olney,  about  one-half  the  length  of 
the  line  being  on  cultivated  ground  and  the  other  on  unbroken  prairie  sod.  The  line  is  ' 
a  straight  one,  and  the  greatest  difference  of  elevation  of  its  points  is  but  7  meters  (23 
feet);  its  length  is  approximately  6'59  kilometres  (4*09  statute  miles);  its  middle  point 
is  in  latitude  38°  5i'"8  and  in  longitude  88°  o3''9  west,  nearly.  The  azimuth  of  the  line 
at  the  west  end  is  268°  30'  west  of  south,  about.  The  ends  of  the  base  were  marked  by 
granite  posts  set  in  brickwork,  and  the  terminals  are  agate  hemispheres  set  in  brass 
cyUnders  leaded  into  granite  posts,  and  are  3  feet  below^  the  surface  of  the  ground.  The 
base  was  divided  into  6  nearly  equal  sections  by  marks  on  stones,  the  mark  being  a  drill 
hole  in  the  top  of  a  copper  bolt  leaded  into  the  stone.  Each  of  these  sections  was 
measured  in  duplicate  in  opposite  directions. 

The  measurement  was  made  with  the  Repsold  apparatus  by  a  party  under  the  charge 
of  Assistant  Engineer  E.  S.  Wheeler,  between  July  9  and  September  15,  1879.  This 
apparatus  arrived  at  the  Survey  oflBce,  Detroit,  in  November,  1876.  With  it  the  meas- 
urement is  made  with  one  tube,  which  is  4  meters  long,  and  is  a  metallic  thermometer 
consisting  of  a  bar  of  zinc  and  a  bar  of  steel  joined  at  their  middle  points;  the  tube 

•  Professional  Papers  of  the  Corps  of  Engineers,  United  States  Anny,  No.  24,  Washington,  1882,  pp.  300-305. 
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lengths  are  defined  between  microscopes  provided  with  reading  micrometers  for  measuring 
inter\'als  between  successive  tube  ends  and  mounted  on  stable  iron  stands,  so  constructed 
as  to  admit  of  all  needed  adjustments  of  the  microscopes  over  the  ends  of  the  tube.  A 
full  description,  with  plates,  of  the  apparatus  and  of  the  manner  of  using  it  will  be  found 
in  Chapter  VIII  of  the  **  Professional  Papers,  Corps  of  Engineers,  United  States  Army, 
No.  24." 

When  used  in  the  field,  the  tube  and  microscopes  are  protected  from  heat  radiation 
by  awnings.  The  apparatus  was  accompanied  by  a  steel  meter  designated  **R.  1876.'' 
A  line  of  levels  was  run  along  the  base  line  and  checked  by  the  observed  inclinations  of 
the  tubes.  The  average  height  of  these  tubes  above  the  mean  tidal  level  of  the  ocean, 
as  found  by  combinations  of  various  levels,  is  given  for  the  western  part  of  the  Olney 
base  4897±5'o  feet  (i49"25  metresdz  1*52)  and  for  the  eastern  part  48o*5d=5'o  feet 
(146*45  metres  db  1*52).  The  resulting  length  and  its  probable  error  are  given  on 
pages  303-304  in  terms  of  the  Repsold  Metre.   • 

Olney  Base  at  sea  level  =  6  589*2  (J?  1876  at  j  jcO-7i7C  ^  ~  i6yo4mm  :±z  y/^Smm. 

In  order  to  obtain  a  reliable  value  for  the  length  of  this  metre,  it  was  sent  to  the 

International  Bureau  of  Weights  and  Measures  at  Sevres,  France,  in  April,  1882,  for 

comparison  with  the  standards  of  that  Bureau.     The  results  are  given  in  Tome  III, 

Travaux  et  Mdmoires  du  Bureau  International  des  Poids  et  Mesures.     Paris,  1884.     The 

expansion  of  R  1876  for  i°C  was  10*563/^;  at  that  time,  however,  the  length  of  the 

ziz  'on 

Prototype  Metre  had  not  been  finally  adopted,  though  the  uncertainty  was  supposed  not 

to  exceed  a  few  tenths  of  a  micron.     The  value  given  is  I^  1876  =  iw  -f-  97*81/^  at  o°C. 

We  have  next  the  result  from  direct  comparisons  of  the  Committee  and  the  Repsold 

metres  made  by  Assistant  O.  H.  Tittmann  at  Washington,  District  of  Columbia,  between 

August,  1888,  and  March,  1889,  for  which  result  see  **  The  relation  between  the  metric 

standards  of  length  of  the  United  States  Coast  and  Geodetic  Survey  and  the  United  States 

Lake  Survey.  * '    A  report  by  C.  A.  Schott  and  O.  H.  Tittmann,  Assistants.*    From  these 

elaborate  observations  we  have  the  result  (p.  185): 

y?  1876  =  Committee  Metre  +  98*19/4  zfc  0*70/4  at  o°C, 

a  result  almost  identical  with  that  obtained  at  Paris.  In  the  same  report  we  find  a  com- 
parison of  the  several  independently  determined  values  for  the  expansion  of  /^  1876,  all  in 
excellent  agreement,  and  we  therefore  adopt  the  values  a/fisre  =  io*6o6/i  and  ac.jf. 
=  11*795/4  (p.  186);  further  we  take  the  Committee  Metre  to  represent  in  length  the 
International  or  Prototype  Metre.  In  this  connection  see  the  discussion  relating  to 
the  standard  of  length  of  the  transcontinental  triangulation,  in  fact  relating  to  all 
distances  determined  by  the  Survey. 

Substituting  the  value  of  -^igra  =  im  +  98*2/4  db  0*7/*  at  o^C.  into  the  equation  given 
above  for  length  of  base,  we  find  it  to  be  6  590*780  4  metres,  and  if  we  take  it  1/4  for 
the  probable  error  of  the  length  of  the  Repsold  bar,t  that  of  the  base  becomes 
^|(6'6y+  (s'sT^nm.  or  zb  j'^mm,  which  is  about  BTB^ffu  part  of  the  length  of  the  base. 

♦Appendix  No.  6,  Coast  and  Geodetic  Survey  Report  for  1889/ 

fThis  can  not  be  considered  too  lar^i^e  if  we  remember  that  the  direct  comparison  of  line  and  end  measures  offers 
special  difficulty,  particularly  when  the  refiex  method  is  applied  to  the  end  surface. 
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This  may  be  taken  to  represent  the  measuring  error,  combining  it  with  the  probable 
error  due  to  our  practical  unit  of  length,  the  Committee  Metre,  taken  as  =fc  J^/i  we  get 

V(7'5)'+(4'9)'  =  ^  Sgmm.,  or  about  TTir^i^Tir  part  of  the  length.     We  therefore  have 
the  final  value  for  length  of  base  6  590780  4m.,  and  its  logarithm  3*818  936  84 

±89  i:  59 

ABSTRACT  OP  RESUI^TING   HORIZONTAL   DIRBCTIONS   OBSERVED   AKD   ADJUSTED   AT  THE   STATIONS 

FORMING  THE  OLNEY  BASE  NET  1879,    1883-84. 

Olney  East  Base,  Jasper  County,  Illinois.    November,  1879.    35-centimetre  theodolite,  T.  &  S.,  No.  4. 

Telescope  above  ground  11*43  metres.    J.  H.  Darling,  observer. 


No.  of 
direction. 

Objects  observed 

39 

Claremont 

40 

Check  Base 

41 

Onion  Hill 

42 

Olney  Middle  Base 

43 

Olney  West  Base 

44 

Buffalo  Mound 

Resulting  direc- 
tions from  station 
adjustment. 

o  /  // 

o    00    00*00 
18    20    42 'II 

81  38  03*54 

loi  56  20  *04 

loi  56  23  *oo 

162  57  14*89 


Corrections 

from  base-net 

adjustment. 

// 

-o*43 
+035 
+0-35 

—O'lO 

—0*06 

— 0*12 


Final  seconds 

in 
triangulation. 

// 


59*57 
42-46 

03  89 
19*94 

22*94 

14*77 


Oiney  West  Base^  Jasper  County,  Illinois.  October  and  November,  1879.  35-centimetre  theodolites, 
T.  &  S.,  Nos.  3  and  4.  Telescope  above  ground  15*70  metres.  R.  S.  Woodward  and  J.  H.  Dar- 
ling, observers. 


// 


// 


// 


45 

Buffalo  Mound 

0 

00 

00 -oo 

.  —0*30 

59  '70 

46 

Olney  East  Base 

47 

46 

00*53 

+004 

00  57 

47 

Olney  Middle  Base 

47 

46 

03*17 

+0*40 

03*57 

48 

Check  Base 

94 

31 

34*71 

+029 

35*00 

49 

Claremont 

99 

54 

2174 

-ho -03 

21*77 

50 

Denver 

183 

16 

48*00 

+0*15 

48*15 

51 

Onion  Hill 

190 

48 

14*04 

— o*6i 

13*43 

Olney  Middle  Base,  Jasper  County,  Illinois.    October,  1879.     25-centimetre  theodolite,  R.,  No.  i. 

Telescope  above  ground  1*98  metres.     E.  S.  Wheeler,  observer. 


58 

59 
60 


Olney  West  Base 
Buffalo  Mound 
Olney  East  Base 


o  /               // 

o  00  00*00 

100  04  09  '23 

179  59  53*52 


// 


// 


-o*43 
+0*38 
+0*05 


59*57 
09  •61 

53*57 


Check  Base,  Richland  County,  Illinois.    November  and  December,  1879.    35-ceiitimetr»Mtheodolite, 
T.  and  S.,  No.  4.    Telescope  above  ground  12*95  metres.    J.  H.  Darling,  observer. 


34 
35 
36 
37 
38 


Claremont 
Onion  Hill 
Olney  West  Base 
Buffalo  Mound 
Olney  East  Base 


o  /  // 

o  00  OO'OO 

127  15  17  -17 

167  12  31  -73 

200  59  15*44 

216  51  16  *82 


// 
-fo*6o 

--o*i7 

—0*07 

-o*39 

-fo-03 


// 
00*60 

17*00 

31*66 

15*05 
16*85 
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ABSTRACT    OP    RESULTING    HORIZONTAL    DIRECTIONS  OBSERVED  AND    ADJUSTED    AT   THE   STATIONS 

FORMING  THE  OLNEY  BASE  NET   1 879,    1 883-84 — continued. 

Onion  Hill^  Richland  County,  Illinois.     November,  1879,     55-centimetre  theodolite,  T.  and  S.,  No.  3. 

Telescope  above  ground  1*83  metres.     R.  S.  Woodward,  observer. 


No.  of 
direction. 

Objects  observed. 

Resulting  direc- 
tions from  station 
adjustment. 

Corrections 

from  base-net' 

adjustment. 

Final  seconds 

in 
triangulation. 

0      /         // 

// 

// 

52 

Buffalo  Mound 

0    00    00*00 

-fo-2i 

00 '21 

53 

Olney  West  Base 

4    40    27-96 

— o-o8 

27 -88 

54 

Olney  East  Base 

21     19    56-39 

-0-34 

56  05 

55 

Check  Base 

48    26    34-48 

-fo-49 

34*97 

56 

Claremont 

65    34    2307 

+007 

23*14 

57 

Denver 

166      59      12 -21 

035 

11-86 

Oblongy  Crawford  County,  Illinois.     October  and  November,  1879.    35-centimetre  theodolite,  P.  and 
M.,  No.  2.    Telescope  above  grotmd  30*94  metres.     G.  Y.  Wisner,  observer. 


0 

/ 

ff 

// 

// 

22 

Claremont 

0 

CX) 

QO'QO 

4-0 -37 

00*37 

23 

Buffalo  Mound 

34 

36 

31*20 

-0-38 

30*82 

24 

Hunt  City 

100 

27 

20*78 

-ho -02 

20*80 

Casey 

132 

34 

08-03 

Belle  Air 

160 

10 

26-65 

Buffalo  Mound, 

Jasper  County,  Illinois. 

October  and  November, 

1879.    35-centimetre  theodolite, 

T.  and 

S.,  No.  I.    Telescope  above  ground 

31-24  metres. 

A.  R.  Flint, 

observer. 

0 

/ 

// 

// 

//. 

25 

Olney  East  Base 

0 

00 

00 -oo 

-fo*o8 

00-08 

26 

Claremont 

II 

54 

58-16 

f  0  -36 

58-52 

27 

Check  Base 

19 

31 

25*93 

+0-09 

26*02 

28 

Olney  Middle  Base 

39 

03 

21  *6i 

—0*27 

21*34 

29 

Olney  West  Base 

71 

13 

07*72 

—0*26 

07*46 

30 

Denver 

73 

29 

29  29 

+0*38 

29*67 

31 

Onion  Hill 

77 

20 

53*39 

+0*17 

53  56 

32 

Hunt  City 

221 

26 

33*58 

—0*62 

32*96 

33 

Oblong 

266 

15 

21  *90 

-ho -07 

21*97 

Newton,  Jasper  County,  Illinois.    October  3  to  October  16,  1883.    30-centimetre  theodolite,  No.  135. 

Telescope  above  ground  12*65  metres.    G.  A.  Fairfield,  observer. 


I 

2 


Denver 
Lucas 

Island  Creek 
Hunt  City 
Claremont 


o  /              // 

o  00  00*00 

79  44  13*01 

129  23  45*69 

205  20  35*47 

307  38  00*83 


// 


// 


•13 


59*87 


4-0*46 
—0*32 


35-93 
00-51 


Probable  error  of  a  single  observation  of  a  direction  (D,  and  -^. )  =  d=  i^'-oo. 
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ABSTRACT   OF   RBSUI,TING    HORIZONTAI,   DIRECTIONS   OBSERVED  AND  ADJUSTED  AT   THE   STATIONS 

FORMING  THE  OLNEY  BASE  NET  1879,  1883-84— Continued. 

DenveTy  Richland  County,  Illinois.  November,  1879.  35-centimetrc  theodolite,  T.  &  S.,  No.  3. 
Telescope  above  ground  23*16  metres.  R.  S.  Woodward,  observer. —November  12  to  December  2. 
1883.  30-centimetre  theodolite,  No.  135.  Telescope  above  ground  23  16  metres.  G.  A.  Fairfield 
observer. 

Resulting  direc-  Corrections        Final  seconds 

^ed.  tions  from  station       from  base-net  in 

adjustment.  adjustment.        triangulation. 


No.  of 
direction. 

Objects  obsc 

4 

Newton 

5 

Onion  Hill 

6 

Buffalo  Mound 

7 

Olney  West  Base 

8 

Claremont 

Parkersburg 

Holtzhausen 

Lucas 

Island  Creek 

o  /  // 

o  00  00*00 

19  57  16*27 

29  06  41  *03 

30  07  07*33 

80  43  13  71 

129  20  12  *i6 

260  42  27  '11 

300  13  46  -61 

330  03  35*36 


// 
+0*70 
+009 
—0*16 
—0*19 
_o*44 


// 
00*70 
16*36 
40*87 
07  14 
13*27 


Probable  error  of  a  single  observation  of  a  direction  (/?.  and  ^. )  =  db  I'^'oi  in  1883. 

Hunt  City^  Jasper  County,  Illinois.  October,  1879.  35-centimetre  theodolite,  T.  &  S.,  No.  3.  Tele- 
scope above  ground  23*32  metres.  R.  S.  Woodward,  observer. — September  5  to  September  17, 1884. 
30-centimetre  theodolite.  No.  107.    Telescope  above  ground  23*32  metres.    G.  A.  Fairfield,  observer. 


18 

ao 
21 


Belle  Air 
Honey  Creek 
Oblong 
Claremont 
Buffalo  Mound 
Newton 
Island  Creek 
Casey 


0 

/ 

// 

// 

0 

00 

00*00 

74 

41 

37  75 

75 

44 

47-03 

-fO*I2 

131 

01 

27*19 

—0*07 

145 

05 

08*91 

—0*12 

173 

22 

02*19 

+0*07 

232 

34 

0967 

313 

18 

25*33 

// 


47 '15 
27*12 

08*79 

02*26 


Probable  error  of  a  single  observation  of  a  direction  (Z>.  and  ^. )  ==  dr  1^^*25  in  1884. 

Qaremonty  Richland  County,  Illinois.  November,  1879.  35-centimetre  theodolite,  P.  &  M.,  No.  2. 
Telescope  above  ground  24*84  metres.  G.  Y.  Wisner,  observer. — ^July  26  to  August  22,  1884. 
30-centimetre  theodolite,  No.  107.   Telescope  above  ground  24*84  metres.   G.  A.  Fairfield,  observer. 


0 

/ 

// 

// 

// 

9 

Denver 

0 

00 

00 'OO 

+065 

00*65 

10 

Onion  Hill 

17 

49 

15 '39 

—0*12 

15*27 

II 

Olney  West  Base 

46 

01 

2905 

—0*41 

28*64 

12 

Newton 

46 

54 

49*55 

—0*01 

49*54 

13 

Check  Base 

53 

26 

II  -07 

—0  '21 

10 -86 

14 

Buffalo  Mound 

66 

48 

58*15 

—0*30 

57*85 

15 

Olney  East  Base 

71 

56 

44*50 

—0*23 

44*27 

16 

Hunt  City 

82 

16 

50*46 

-f-056 

51  *o2 

17 

Oblong 

106 

32 

51*56 

+007 

51*63 

Honey  Creek 

138 

23 

11*73 

Summit 

174 

40 

19*45 

Parkersburg 

274 

17 

40 '86 

Probable  error  of  a  single  observation  of  a  direction  (Z?.  and  R,)^=±.  i''*03  in  1884. 
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No. 

I 

O 

2 

O 

3 

o 

4 

o 

5 

o 

6 

o 

7 

o 

8 

o 

9 

o 

lO 

o 

II 

o 

12 

o 

13 

o 

14 

o 

15 

o 

i6 

o 

17 

o 

i8 

o 

19 

o 

20 

o 

21 

o 

22 

o 

23 

24 
25 

26 

27 

28 

29 

30 

31 
32 


UNITED  STATES   COAST   AND  GEODETIC  SURVEY, 

FIGURB  ADJUSTMENT. 

Observation  equations.* 


■f  r6o-f  (12)-  (9)+  (8)-  (4)  f-  (3 
-ho-o8-i-(2i)-(i9)-f-(i6)-(i2)-f  (2 
-f-r2i^{3o)-(26)-f  (14)-    (9)4-    (8 


-h  ro2  -r  (24)  -  (22)  -h  (17)  - 

-  0-85 -h  (24) -(23)  + (53)- 
H- 0-09 -h  (26)  -  (33)  +  (23)  - 
+  172 +  (57) -(56)  + (10) - 

-fo-51-f  (56)-(52)  +  (3I)- 
-hI•I8+(5o)-(49)+(II)- 
^- o-i8-h(49)-(45)+(29)- 
-h 077 -f  (51)  -  (49)  +  (" ) - 
-ro8-f  (4I)-(39)-^(I5)- 
-o•53+(43)-(39)-^-(I5)- 
-I•o3-h(38)-(35)+(55)- 
+  1-28+ (35) -(34)  + (13) - 
+  o-o6+(43)-(4o)  +  (38)- 
+  o-04+(44)-(4o)  +  (38)- 

-  1-53 +  (59) -(58)  + (47) - 
+  071 +  (60) -(59)  + (28) - 

-o-88+(6o)-(58)  +  (47)- 
+  0-32  +  (43)  -  (42)  -  (47)  + 

-  3-o  +  *46(i)  +  1*16(2)  —  1*62 


16) +  (19 
32) +  (20 

22) +  (17 
(9)+  (8 
26)  +  (i4 

(9)+  (8 
26) +  (14 
10)  -1-  (56 
10) +  (56 

")  +  (49 
54)  +  (41 
10)  +  (56 
36)  +  (48 
37) +  (27 
45) +  (29 
25) +  (44 
46)  +  (43 


-  (2) 

-  (I) 

-  (6) 
-(18) 
-(18) 

-(14) 

-  (5) 
-(10) 

-  (7) 
-(II) 

-(53) 
-(54) 
-(46) 
-(40) 

-(55) 
-(46) 

-(25) 
-(28) 

-(42) 

-(42) 


46) 

3)  --34(4^  +  1-67(6)  -  1-33(8)  -  6-10(19)  +  8-41(20) 
-  2-31(21)  +  2-58(26)  +  1-14(30)  -372(32) 
0=  + 3-2  + 5-07(14) -7*6i(i6)  + 2-54(17) +79(18) -8-41(19 +  7-62(20) +3-05(22) -3-99(23) 

+  •94(24) 
o=-o-4- 2-60(25)  +  5-95(28)  -3-35(29)  +  1-17(42)  -1-17(44)  -1-91(45)  +  1-91(47) 
0=  -  1-666-  1-1744(5)  +  11*975(6)  -  10-8006(7)  -3-3447(29)  +5-3054(30)  -  1-9607(30 

-2-5751(52)  +  1-9149(53)  +-6602(57) 
o=  +  5-45  -  11-744(5)  +  13-473(7)  -  1-729(8)  -  2-032(9)  1- 3-926(10)  -  1-894(11)  -7-774(53) 

+  1-172(56) +  6-602^57) 
0=  +  18-65  -  3*926(10)  +9-471(11)  -  5-545(14)  -  1-250(26)  +  20-857(29)  -  19-607(31) 

-25-751(52)  +  26-923(53)  -  1-172(56) 
0=  +  1-71  -3-926(10)  +8-258(11)  -4-332(15)  +-445(39)  -r  5*69(41)  -6-135(43)  -5*865(53) 

+  7-037(54) -1*172(56) 
0  =  + 3-76-  11-854(11)  +  16-186(13)  -4-332(15)  -9-273(34)  +  7-484(36)  +  1-789(38)  +  -445(39) 

+  -236(40)  -  -681(43) 
0=  +  0-77  -  2-513(35)  +  4-302(36)  -  1-789(38)  --236(40)  +  5-69(41)  -5-454(43)  -4-839(53) 

+  7-037(54) -2-198(55) 
0= -0-26-  1-213(11)  +  5-545(14)  -4-332(15)  -716(25)  +  1-25(26)  --534(29)  +  -445(39) 

+  •721(43) -i*i66(44) 
0=  +  0-88 --716(25)  +  1-663(27)  --947(29)  -  1-359(36)  +3-148(37)  -  1-789(38)  --236(40) 

+  1-402(43) -1-166(44) 


*  Number  of  angle  equations  21  and  of  side  eqiuitions  ii;  in  establishing  the  latter  either  7  or  8  places  In  the 
logarithms  are  used  and  the  logarithmic  differences  for  i''  are  given  in  units  of  the  sixth  place,  with  one  exception. 


Correc- 
tions. 
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Correlate  equations, 

r 

C.        C      Cj      C4     c,       c      C,      C      C,      Co      c,       c.     c„     c,     c. 


{I 
(*: 
(3: 
(4; 
(5: 
(6; 
(7; 

(9: 

do] 

(" 
(»: 
(13; 
(m: 

(js; 
(16; 

(17: 

(is; 

(19; 

(»; 
(21 

(22] 

(*3! 

(24; 
(as: 
(»6; 

(as: 

(29] 

(31: 
(3*: 
(33: 

(34- 

(35: 

(36: 

(37: 

(38: 

(39] 
(40] 

(41 
(4a: 


—I 

4-1 
—  I 


+1 

—I 


—I 

+1 


-fl     -I 


-4-1 


"— 1 


■fl 


—I 


+1 
—I 


•  • 


-fi 


—I 

-fi 
—I 

-fi 


—I 


•  •  •  •  • 


•  • 


—I 


«  •  •  •  •  •  • 


-fi 


—I 


-fi 


—I  —I 

-I     +1 
-l-i      -fi 

-hi 


l~  A  •  •  ■  •  ■  • 

—  I 

-fl 


-I 


•  • 


A  ••■  ■••  •••  «•• 


+  1 
—  I 


—  I 


+  1 


•     •  ■     •     • 


—  I 


•  •  •  •  • 


il 


•  •  •  •  • 


—  I 

-fl 
~I 


-fl 


•  • 


•  •  •  • 


•  •  •  ■  • 


—  I 

-I         +1 


I 

-     1 


f    I 


•  •  •  •  • 


f  I 


+  1  fl  ...... 


•  •  • 


•  *  •  . 


.  «  •  •  •  • 


-I 


\l 


•  •  •  • 


—  I  —I 


-fl 


...  •  •  • 


•  ■  . 


.  ...  a*.  .*•  •*•  It*.  **•  ... 


—    I 

-I  41 


-fl 


•  ••  •••  •■•  ••.  ■••  ...  ..•  ~^  A  • 


+  1 
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Correc- 
tions. 


(43) 
(44) 
(45) 
(46) 

(47) 
(48) 

(49) 
(50) 
(51) 
(52) 
(53) 
(54) 
(55) 

is6) 

(57) 


Correc- 
tions. 


(I 

(2: 

(3; 

(4: 

(5; 

(6; 
(7; 

(9: 
10' 

II 

12 

13 
14 
15; 

17: 

18; 

19] 
201 

21 

22 

23; 


c,   c, 


C4 


Correlate  equations— QonXmyxeA. 


Cr 


'10 


'U 


•«3 


-hi 


■  ■ 


•    ••  •■•  •••  ^^*  X  a    •    • 


•    •  •    •   •  •    • 


—  I 


•  •    •    •  • 


—I 

+1  -I 

+1 

•  •  • 

•  •  • 

—I 

-hi 

•  ■  •            ■  ■  • 

+1 
—I 

■  •  • 
—I 

•  •  • 

•  •  • 
—I 

•  ■  ■ 

•    a    • 

•  •  • 

•  •  • 

•  •  •            •  •  ■ 

•  •  • 

•  •  • 

-hi 

—I 

—  I 

-hi 

+1 

+1 

-fi 

4-1 

Corf  elate  equations— QonXirmtA. 

V.16  v-iy  C18         C19  V»«o  Cai  Caa  Caj 


C.4 


-ho  46 
-hi -16 
—I  "62 

-0-34 
-hi -67 
-1*33 


■f5-07 


•  •  •  •  • 


C^ 


-  I  '174  4 

■f  II -975 
—10  -800  6 


-7 -61. 

4-2  54 

4-079 

— 6'io 

—8-41 

4-8-41 

4^762            

••••••«• 

—2-31 

-h3  05 
-3  "99 
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Correlate  equations — Co  n  ti  nued . 


COITCC' 

tions. 

Crt 

c. 

C,8 

c. 

Cao 

c,, 

c„ 

c^ 

^ 

Cs 

(*4) 

+0-94 

■ 

(as) 

•     •     • 

—  I 

■    •    • 

—I 

•    •    • 

•    •    • 

•    •          •    •    • 

2  60 

(26) 

* 

+2-58 

(a?) 

+1 

(a8) 

—I 

+1 

+5*95 

(a9) 

+1 

-3  '35 

-  3  '344  7 

(30) 

•    •    • 

•    a    • 

a    •    • 

«   •   • 

•    •    • 

•  •  • 

+1  -14 

+  53054 

(31) 

-  I  960  7 

(3a) 

• 

-372 

(33) 

(34) 

(35) 

•     •     • 

•    •    • 

•   •    ■ 

•  •   • 

•    •    • 

•   •  • 

(36) 

—I 

(37) 

—  I 

• 

(38) 

+1 

+  1 

(39) 

• 

» 

(40) 

— I 

-   ~I 

•    •    ■ 

•    •    « 

•    •    • 

•   •   t 

(41) 

(4a) 

—I 

—I 

—1 

-fi-17 

(43) 

+1 

+1 

+1 

(44) 

A 

+  1 

+1 

-I -17 

(45) 

■    •    • 

•  •  • 

—  I 

•  •   • 

•    •    • 

•  •  ■ 

-1-91 

»•'*'••% 

(46) 

—  I 

—I 

+1 

(47) 

■fl 

+1 

1 

—I 

+1-91 

(48) 

+  1 

(49) 

1 

h 

^ 

(50) 

•    •    • 

■  •  • 

•  •  • 

•   •  • 

■    •    • 

\ 

•     •     • 

(51) 

(5a) 
(53) 
(54) 

-  2  575  ^ 
-f  I  -914  ^ 

(55) 

•    •    • 

•  •  • 

•  •  • 

•   •   ■ 

•    •    • 

•     •     • 

(56) 

(57) 

• 

+  0-660  2 

(58) 

—  I 

• 

—  I 

(59) 

-f-I    ' 

—I 

(60) 

t    •    t 

•  •  • 

■  •  • 

-fl 

-fl 

•     •     • 

88  UNITED  STATES  COAST   AND  GEODETIC  SURVEY. 

Correlate  equations  —Continued. 
Correct  o  o  f*  r*  /^ 

tionS.  »--96  ^  ^-38  V-K,  V^  ^7T 

(I 

(«; 

(3 

(4; 

(5)       -"744 
(6] 

(7)  +13  "473 

(8)  -  1729 

(9)  —  2-03a 
(10)       +  3-926  —  3*926  —3  926 


(37: 


(u)       —1-894  +9-471  +8-58  —11-854  —1-213 

(13)  +16-186 

(14)  —5  "545  .  +5  545 

(15)        — 4*33»  —  4*332  — 4"332 

(16; 

(17; 
(18; 

(19; 
(21 

(22' 

(23; 

(24: 

(25)  —0716  —0716 

(26)  —     1-250  -f  I   -25 

(27)  4-1-663 
(28; 

(29)  +20-857  -o'534  -o'947 

(30; 

(31)  -19*607 

(33! 

(34)  -  9 '273 

(35)       '-a -513 

(36)  +  7  '484  -h4  '302  —I  -359 


+3 -'48 


(38)  +  1-789  -1789  -1789 

(39)  +0-445  +  o'445  +0-445 

(40)       +0-236  —0*236  —0-236 

(41)  +569  +5-69 
(42: 
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Correlate  equations — Completed. 


Corrco- 
tiotis. 

C^.       . 

c^ 

Cae 

c« 

c„ 

c„ 

C3. 

(43) 

-6  -135 

—  0 

•681 

-5-454 

-I-0721 

+  1402 

(44) 

• 

-I -166 

—I -166 

(45) 
(46) 

• 

(47) 

(48) 

(49) 

(50) 
(51) 

(5a) 

-25  751 

(53) 



7  774 

4-26  923 

-5-865 

-4-839 

(54) 

+7  "037 

+7  -037 

(55) 
(56) 

—2  198 

* 

+ 

I  '172 

—  I  '172 

-I  -172  ^ 

(57) 

-f  6'6o2 

■ 

90 


o  = 


-f  1  '60 

-ho -08 

+  I  '21 
-f-  I  "02 
-0-85 
-I-OO9 

-f  I  72 
+  051 

-f  i-iS 

-1-0  18 
4-077 

—  I -08 

-o'53 
—  I  '03 
-f  128 


/ 
UNITED  STATES  COAST  AND  GEODETIC  SURVEY. 

« 

Normal  equations, 

Ct  Cfl         C3         C4         C5  C«         C;>  Cs  C9         do        Cii         Cm         Ci3         C14         C15 

+6       —2       -f2  -1-2  -f2 

-h6  -2 

-1-6  —2       -f2       -f-2       -|-2        -1-2 

+6       +2       +2 

-|-6     — 2       .  .      _    . 

+6  —2  —2 

4-6      —2        -f-2  —2       —2  —2 

4-6  -f2     4-2     4-2  4-2 

4-6     —2     4-2  —2 

4-6     -2       .       -1-2       . 

4-6     4-2     —2  4-2 

4-6     4-2     4-2       4-2 
+6 

4-6       —2 
4-6 

Normal  equations — Continued. 


c,. 

c, 

Ca 

c.. 

c«, 

c., 

c„ 

Cn 

c^ 

Cs 

4- 

I  60 

-    3  77 

+ 

008 

-f    4*49 

4-    o-8o 

■f 

I  '21 

• 

-    4-44 

4-5-07 

—    6-6696 

4- 

I  -02 

—    6'io 

-     I -16 

— 

085 

• 

• 

• 

• 

• 

4-  12*13 

4-  II  76 

• 

• 

+ 

0*09 

4-    2-58 

-    9  57 

4- 

I  72 

-     1*33 

+        1-8346 

+ 

0-51 

-    2  58 

+    5*07 

4-       0*6144 

+ 

1    18 

-     1*33 

-h     10 -8006 

4- 

o-i8 

• 

• 

+a 

• 

• 

• 

-    2-58 

+    507 

-  1-44 

-       3-3447 

4- 

077 

-        I  -9149 

— 

I -08 

• 

— 

053' 

+a 

+a 

— 

I  03 

+a 

4-2 

-h 

1-28 

• 

■ 

• 

• 

• 

• 

• 

• 

• 

• 

o  =  -h 

o-o6 

+6 

+a 

• 

+a 

4- 

0-04 

+6 

+2 

+  1*43 

— 

1*53 

+6 

—a 

+a 

—I 

-  5  48 

-       3-3447 

+ 

071 

+6 

+a 

4-1 

4-  6-21 

— 

o'88 

• 

• 

• 

• 

+6 

• 

• 

+  074 

• 

4- 

0-32 

-f4 

-  3  08 

— 

30 

+143  '924 

-f  1 15 -385 

• 

4-  26*046 

4- 

32 

+245  '59 

• 

— 

0-4 

4-63  -42 

4-  II  -205 

— 

1-666 

• 

• 

. 

• 

• 

* 

• 

• 

• 

-f  315  -345 
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' 

C^ 

c^ 

Crf 

.  c„ 

c^ 

C3. 

C3. 

-h  1-60 

+ 

0'303 

+  0-08 

-f    I  '21 

+ 

0*303 

— 

4  295 

4-  4*295 

-1-    I  X» 

—  085 

• 

• 

• 

• 

• 

• 

+  0-09 

+ 

4  295 

4-  4-295 

■f    172 

-f 

21-403 

— 

2-754 

— 

2-754 

-  0-51 

— 

2754 

+ 

4-603 

+ 

2 '754 

4-  4*295 

-f  I -18 

— 

15-064 

+ 

9 '471 

+ 

8-258 

-  II  -854 

—  I -213 

+  o-iS 

+ 

1-894 

+ 

7-091 

— 

8.258 

-h  11-854 

• 

4-  4  -974 

-  0-947 

+  077 

+ 

3-126 

^ 

14-698 

+ 16-877 

-  11-854 

4- 

4-839 

—    I  "213 

—  I -08 

— 

2*754 

+ 

2-754 

— 

3  370 

-  4-777 

— 

1-347 

-  4*777 

-  0-53 

+ 

1-894 

— 

9471 

— 

19  -170 

+  6396 

— 

5-454 

-  2843 

4-  1-402 

—  1*03 

— 

I  "347 

4-     I  553 

— 

2  585 

-  I  *553 

4-  1*28 

— 

2754 

+ 

2-754 

+ 

2-754 

-f  25  -459 

— 

0-315 

• 

• 

+  o-o6 

— 

6-135 

-    6-612 

— 

"•309 

4-  0-721 

4-  i-2o8 

+  004 

+     I  553 

— 

1-553 

-  a  450 

-3*488 

-  I '53 

+ 

20-857 

-  0534 

-  0-947 

-f  071 

-  0-450 

-  0450 

-  088 

• 

• 

— 

6-135 

-    0-681 

— 

5*454 

4-  0-721 

4-  1-402 

+  0-32 

— 

6-135 

-    0-681 

— 

5*454 

4-  0-721 

4-  1-402 

-  30 

+ 

2-299 

— 

3  225 

4-  3  225 

4-  3*2 

f 

— 

28-113 

4-28-113 

-  04 

— 

69874 

4-  5  015 

4-6-398 

-  1-666 

—  ] 

[42  -251 

+  86-549 

— 

II -231 

• 

— 

9-267 

4-  1-786 

+  3 -168 

«>=-f  5*45- 

+450-95 

4 

4 

144-025 

■f 

13  '^67 

-f  22-451 

4- 

37  -618 

4-  2-298 

-fi8-65 

-f  2346  -21 

— 

62-905 

—112-269 

— : 

[30  -280 

-54  935 

-19*752 

H-  171 

1 

+257  -877 

-  74-748 

4-143736 

-h  4  -524 

-  8-601 

-f  3  76 

4-567  -19 

4- 

32  658 

4-32  -851 

-14*383 

+  077 

• 

• 

• 

■ 

4-167-967 

3  932 

—  10-237 

—  0*26 

4-55  422 

+  3*389 

+  088 

f 

+22-513 
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UNITED  STATES  COAST  AND  GEODETIC  SURVEY. 
Resulting  values  of  correlates  and  of  corrections  to  angular  directions. 


ri=-o-598  2 

C9=+o 

•152  4 

Ci7= 

=+o- 

195  0 

(725= 

=4-0  -059  44 

2    -0-590  4 

lo- 

+0199 9 

18 

+0066  6 

26 

4-0-044  86 

3    -fo  390  3 

ll 

—0 

'612  I 

19 

-0-, 

314  5 

27 

—0 

•014  35 

4    -1745  2 

12 

-hi 

•133  6 

20 

4-0-365  7 

28 

4-0 

-06860 

5    +1  -688  3 

13 

—0 

•631  I 

21 

+0  065  9 

29 

+0 

•056  51 

6    +i-6i8o 

14 

—0 

•787  5 

22 

— o- 

286  7 

30 

—0 

•067  75 

7    — 0-685  7 

15 

—  1 ' 

127  I 

23 

4-0  •< 

378  6 

31 

+0044  29 

8    +0-003  5 

16 

-f  0  -288  0 

24 

4-0  -018  44 

32 

—0 

•062  67 

Corrections: 

(i)=+0'458  5 

(16) 

=-f  0  '556  7 

(31) 

=4-0 '168  4 

(46; 

)=4-o  043  3 

(2)     -    -3248 

(17) 

+ 

•072  4 

(32) 

— 

-621  8 

(47; 

1    -h 

•401  8 

(3)    -    -133  7 

(18) 

+ 

•119  0 

(33) 

+ 

•0703 

(48; 

1    4- 

-288  0 

(4)     +    -695  7 

(19) 

— 

•066  9 

(34) 

+ 

•603  I 

(49l 

\    4- 

•028  5 

(5)     -f    -089  I 

(20) 

— 

123  9 

(35) 

— 

169  3 

(50; 

1    -h 

•152  4 

(6)     -    -157  3 

(21) 

+ 

•071  9 

(36) 

— 

•071  5 

(51; 

1    — 

•612  I 

(7)     -    -1900 

(22) 

-f 

•366  9 

(37) 

— 

•392  3 

(52; 

1    4- 

*2I2  9 

(8)     -    -437  5 

(23) 

— 

•383  9 

(38) 

4- 

•0299 

(53] 

1    — 

-083  6 

(9)     +    6500 

(24) 

+' 

•017  0 

(39) 

— 

•427  2 

(54; 

1    — 

•340  2 

(10)      —    '120  5 

(25) 

+ 

-084  8 

(40) 

-1- 

•3486 

(55] 

1  + 

•4885 

(11)    -   -406  5 

(26) 

+ 

•357  9 

(41) 

4- 

•350  9 

(56) 

1  + 

•072  6 

(12)    —    -007  8 

(27) 

+ 

•090  8 

(42) 



•095  5 

(57; 

1    — 

'3503 

(13)      -     -212  4 

(28) 

— 

•271  4 

(43) 

—  — 

•057  5 

(58; 

1    — 

•432  3 

(14)   -  -3006 

(29) 

— ■ 

•257  7 

(44) 

— 

•119  6 

(59; 

1    4- 

-381  I 

(i5)=-o-23i  4 

(30) 

=+0  -378  9 

(45) 

=—0-301  9 

(60; 

>=4c 

)*05i  2 

• 

Check: 

2/KV= 

4-5  -964  3 

5-f-correctionss=7 -701  i 

-5«C  = 

+5  -963  8 

2- 

-oorrections=7  701  4 

Letting  n  stand  for  the  number  of  conditions  we  have — 

Mean  error  pf  an  observed  direction  iff,  =     4/     ^^  =^=^=0  *43 


Mean  error,  qf. an  angle 
Probable  error  of  an  angle 


»»/=ifi,V^        =dbo'6i,  also 


=d:0-4I 


, 


No. 


I  < 


a 


8 


TRANSCONTINENTAL  TRIANGULATION — PART  I — BASE   LINES. 

TRIANGLES  OF  THE  OLNEY  BASE  NET,   ILLINOIS,    1879,   18S3-84. 

r» Spher-  Spher- 

Stations.  Observed  angles. 


93 


co-c-  ^-  s^r 

tions.         , 

angles,   excess. 


o  /               // 

Buffalo  Mound          71  13  07  72 

Olney  East  Base       61  00  51  '89 

Olney  West  Base      47  46  00  '53 


00*14 

Olney  Middle  Base  100  04  09  '23 
Olney  West  Base  47  46  03  '17 
Buffalo  Mound         32    09    46*11 


58-51 
Olney  Middle  Base    79    55    44*29 

Buffalo  Mound         39    03    21  '61 

Olney  Bast  Base       61    00    54  '85 


Check  Base 
Olney  West  Base 
Buffalo  Mound 

Check  Base 
Olney  West  Base 
Olney  Bast  Base 

Check  Base 
Buffalo  Mound 
Olney  East  Base 


00  75 
33  46  4371 
94  31  3471 
51    41    4179 


00 '21 

49  38  4509 
46  45  34*18 
83    35    40*89 


00 -16 

15    52    01*38 

19    31     2593 

144    36    3278 


00*09 
Onion  Hill  4    40    27  '96 

Buffalo  Mound  6    07    45  '67 

Olney  West  Base    169    11    45  '96 


r  Onion  Hill 
Buffalo  Mound 
Olney  East  Base 

Onion  Hill 
Buffalo  Mound 
Check  Base 


59  "59 
21  19  5639 
77    20    53*39 

81     19    "  "35 


01-13 
48  26  34-48 
57  49  27-46 
73  43  59-27 

00-21 


//           //  // 

*34  07*38  0-03 

— o-o6  51*83  0*03 

-|-o  '34  00  '87  o  '02 


0*08 
-fo  -Si  10  '04  o  -oi 
-f o  -70    03  *87    o  *oi 

-fo  '02     46  *I3     O  '02 


0*04 

•33    43*96    o-oi 
—0-36    21-25    o-oi 

— 0-02      54-83     0-02 


0-04 
—0*32   43-39   004 

+059    35*30    OQ5 
-0-35    41*44    0-04 


0-13 
-fo*io  45*19  0-03 
-fo-25  34*43  004 
— o  -41    40  -48    o  -03 


O'lO 
-fo  -42     01  *8o     O  '02 

-ho  *oi    25  '94    o  -02 
—0-47    32-31     O-OI 


0-Q5 
•30  27  '66  o  *oi 
+0  *42  46  '09  o  -00 
-l-o  '31    46  -27    o  'OI 


0'02 

•56   55*83   0*06 

-1-0  08    53*47    006 
— o  -47     10  -88    o  -06 


0*18 
-fo-27  34-75  o-ii 
-fo-o8  27-54  o-ii 
-23    58-04    o-ii 

o*33 


T  ^»o.^fi««^o        Distances 
Logarithms.        j^^etres. 


3  -818  936  8 

3  784  579  2 
3  -712  175  5 

3  784  579  2 
3  660  802  7 

3*517  499  3 

3  712  175  5 
3  '518  313  9 
3-660  802  6 


3  -818  936  8 
3  *799  370  I 
3  '934  229  7 

3  -712  175  5 

3  799  370  I 

4  -038  158  o 

3  '784  579  2 

3  -901  934  2 
4*146  340  6 

3712  175  5 

4  -140  668  5 
4  -146  340  5 

4  -038  158  o 
4*091  670  2 
4-146  3404 


6  590*780 
6  089-47 

5  154*37 

6089-47 

4  579  "34 
3  292-30 

5  154*37 

3  298-48 

4  579  "34 


3  '784  579  2    6  089  -47 

4  -038  158  o   10  918  '37 
3  '934  229  7    8  594  -68 


6  590  -780 

6  300-43 
8  594  -68 

5  154-37 

6  300  -43 
10  918  '37 

6089-47 

7  978-74 
14  006  -85 

5  154*37 

13  825-11 

14  006  -85 

10  918  -37 
12  350-09 
14  006  -85 
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No. 


II  • 


12  • 


13 


15 


16 


z8 


UNITED  STATES  COAST   AND  GEODETIC  SURVEY. 

TRIANGI«ES  OF  THE  OLNEY  BASE  NET,   II,I,INOIS,    1879,    1883-84— continued. 


Stations. 


Observed  angles. 


// 


Onion  Hill  16    39    28  -43 

10  <  Olney  West  Base    143    02     13  -51 

Olney  East  Base       20    18     19  '46 


Onion  Hill 
Olney  West 
Check  Base 


Onion  Hill 
Olney  East  Base 
Check  Base 

Claremont 
Onion  Hill 
Olney  West  Base 


Claremont 
14  {  Onion  Hill 
Check  Base 


Claremont 
Onion  Hill 
Buffalo  Mound 


Claremont 
Onion  Hill 
Olney  East 


Claremont 
17  {  Olney  West. 
Check  Base 


Claremont 
Olney  West  Base 
Buffalo  Mound 


01  "40 
43  46  0652 
96  16  3933 
39    57     M-56 


00*41 
27  06  38  -09 
63  17  21-43 
89    35    5965 


59  17 
28    12     13  '66 

60    53    55 '11 
90    53    5230 


01  "07 

35    36    5568 

17    07    4859 

127     15     17  17 


01-44 

4S  59  4276 
65  34  2307 
65    25    55-23 


01  -06 
54  07  29-11 
44    14    26  -68 

81    38    0354 


59 '33 
7    24    42-02 

5    22    47-03 

167     12    31  -73 


00*78 
20  47  29-10 
99  54  21-74 
59    18    0956 

00-40 


Correc-  ^P^f  ^-  ^P^f  >- 
ical        ical 

angles,  excess. 


tions. 


// 


// 


// 


-0-26  28-17  0*02 
•0-65  12-86  0*03 
-0-41     19-05    0-03 


0-08 
-j-o  -57  07  -09  0-06 
— o  90  38  -43  o  06 
+0  -09    14  65    o  -05 


0-17 

-fo-83    3892    0-07 

o  -00    21  -43    o  -06 

-l-o  -20    59  -85    o  -07 


0-20 
— o  -29  13  -37  o  *io 
-+•0  -16  55  -27  o  -10 
—0*64    51*66    o-io 


0-30 

•09    55*59    005 
o  -42    48  -17    o  -05 

o  '77    16  -40    o  -06 


0*16 
-0-18  42-58  0-18 
-0-14  22-93  0-19 
-0  -19    55  -04    o  -18 


055 
—  o'li    29-00    0-14 

-I-0-4I    27*09    0*13 

-f  o  -78    04  -32    o  -14 


0-41 
-fo-i9    42*21    o-oi 

—  0-26    46  '77    o  -oi 

—  0-68    31*05    O'OI 


0-03 
-fo-ii  29-21  0-07 
-j-  o  -33  22  -07  o  "oS 
—  o  *62    08-94    o  -07 

0-22 


Logarithms. 


3  901  934  I 
4'i68  826  o 

4  -227  380  2 

4-091  670  2 

3  795  638  4 
4-227  380  2 

4  -146  340  5 
4  227  867  4 
4*327  380  I 

4*140  668  5 
4  075  679  3 
4*227  380  I 

3  934  229  7 

3  795  638  7 

4  -168  826  I 

3  784  579  2 
4*227  867  5 

4-168  826  o 


Distances 
in  metres. 


3  -818  936  8  6  590  -780 

4-140  668  5  13  825-11 

3  901  934  o  7  978  -73 

3-9342297  8594-68 

4*091  670  2  12  350-09 

3  -901  934  o  7  978  -73 

3 799  370  X  6300-43 

4*091  670  3  12  350-09 

4*140  668  5  13  825*11 


7  978  74 

14  751  '15 
16  880  30 

12  350*09 
6  246*52 

i6  880*30 

14  006  -85 
16  899  25 
16  880*30 

13  825*11 
II  903*63 
16  880*30 

8594*68 
6  246  53 

14  751  16 

6  089*47 
16  899  -25 

14  751  '15 


No. 


19 


26 


TRANSCONTINENTAL  TRIANGULATION — PART  I — BASE  LINES. 

TRIANGLES  OF  THB  OLNEY  BASE  NET,  ILLINOIS,  1879,  1883-84— continued. 
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stations. 


Claremont 


Observed  angles. 


25 


55 


// 
15*45 


Olney  West  Base      53    08    21  '21 
Olney  East  Base     loi    56    23  'oo 


59-66 

Claremont 

13 

22 

47 -08 

20 

Check  Base 

159 

00 

• 

44  56 

Buffalo  Mound 

7 

36 

2777 
5941 

'  Claremont 

18 

30 

33*43 

21 

Check  Base 

143 

08 

43-18 

^  Olney  East  Base 

18 

20 

42-11 

58-72 

Claremont 

5 

07 

4635 

22 

Buffalo  Mound 

II 

54 

58  16 

m 

Olney  East  Base 

162 

57 

14-89 
59  40 

[  Detlver 

9 

09 

2476 

23 

Onion  Hill 

166 

59 

12*21 

Buffalo  Mound 

3 

51 

24*10 

01  '07 

'  Denver 

10 

09 

51  06 

24 

Onion  Hill 

162 

18 

44 -25 

^  Olney  West  Base 

7 

31 

26-04 

01-35 

Denver 

60 

45 

57-44 

25 

Onion  HUl 

lOI 

24 

49-14 

Claremont 

17 

49 

15-39 

01  97 
Denver  i    00    26*30 

Buffalo  Mound  2    16    21  *57 

Olney  West  Base    176    43    12  *oo 


Denver 
27  {  Buffalo  Mound 
Claremont 


5987 
51  36  3268 

61  34  31-13 
66  48  58  15 

01 '96 


Correc-  ^?}^"  ^P^f  " 

tions.      *^f        *^^ 
angles,   excess. 

//  //        // 

H-  o  18    15  *63    o  -07 

—  o  '02    21  '19    o  -06 

-f  o  -37    23  *37    o  06 


0*19 

—  o  '09    46  '99    o  *02 
-f  I  '00    45  -56    o  -02 

—  0*26    27*51    0*02 


0*06 
—  o  '02    33  *4i    o  *o2 

+  0*58     43-76     0-02 
-|-  O  -78     42  -89     O  -02 


0*06 
-J-  O  -07     46  *42     O  *02 

■f  o  27    58  '43    o  -oi 

+  0*31      15  "20     0*02 


005 

o  "25    24  '51    o  •01 

0*56      11*65     0'02 
o  *2i     23  *89    O  *02 


ox)5 
— o  -28  50  -78  O  -OI 
— o  -27    43  -98    o  x>i 

— O  -76     25-28     O  -02 


ox)4 
— o'53  56-91  o-o8 
— o  -42  48  -72  o  -09 
— o  '77    14  '62    o  *o8 


0*25 
— o  '036  26  -264  o  -004 
+0*634  22*204  0*004 
—0*456  11*544  0*004 


0-012 
— o  '28  32  -40  o  -25 
-fo*02  31*15  0*25 
•95    57-20    0*25 

o*75 


Logarithms.' 

3  -818  936  8 

4  -075  679  4 
4  168  826  o 

4  *038  158  o 
4*227  867  4 
3  -795  638  7 


3  -799  370  I 

4  -075  679  4 
3  -795  638  3 


3  -712  175  5 

4  075  679  4 
4  227  867  5 


3  -901  934  I 

4  -137  898  6 
3  -772  327  o 

4*227  380  2 
4-277  875  3 
3  -772  327  o 

3  784  579  2 

4  -137  898  8 
4*297  098  I 

4*227  867  5 
4  *277  875  4 
4  -297  098  5 


Distances 
in  metres. 


6  590  -780 
"  903-63 
14  751  -15 

10  918  -37 
16  899,25 

6  246*53 

6  300  *43 

11  903-63 
6  246*52 


5  154-37 
II  903-63 
16  899  *25 


4  -146  340  5  14  006  -85 
4  297  098  3  19  819  75 
3  -772  326  a    5  920  -07 


7  978  74 

13  737*21 

5  92007 

x6  880  -30 

18  961  62 
5  920  07 

6089*47 

13  737  -22 

19  819  -75 

16  899  -25 

18  961  62 

19  819  *76 
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UNITED  STATES  COAST  AND  GEODETIC  SURVEY. 


TRIANGLES  OF  THB  OU^BY  BASB  NET,  ILUNOIS,  1879,  1883-84— Continued. 


No. 


28 


29 


30 


31 


32 


33 


34 


Stations. 


Denver 

Olney  West  Base 

Claremont 

Newton 

Claremont 

Denver 

Hunt  City 
Claremont 
Buffalo  Mound 

Hunt  City 
Claremont 
Newton 

Oblong 
Claremont 
Buffalo  Mound  ' 

Oblong 
Claremont 
.  Hunt  City 

'  Oblong 

Buffalo  Mound 
.  Hunt  City 


Observed  angles. 

o  /  // 

50  36  0638 
83  22  26  *26 
46  01  29  '05 


01  '69 
52  21  59-17 

46  54  49 '55 
80  43  13  71 


02-43 

14  03  41-72 

15  27  52-31 
150  28  24  -58 


58-61 

42  20  35-00 

35  22  00  '91 

102  17  25  -36 


01  -27 
34  36  31  20 

39  43  53*41 
105  39  3626 


00  87 

100  27  20  -78 

24  16  01  'lO 

55  16  40  -16 


02*04 

65  50  49*58 
44  48  48-32 
69  20  21  -88 

59*78 


Correc.  ^ph-  ^f^'' 
tions.         1 

angles,   excess. 

//  //        // 

—0-25    06-13    0-17 

-ho -13    26-39    0*^7 

—I -06    27-99    o**7 


0-51 
+0-19  59-36  028 
— 0-66  48-89  0-28 
—1-13    12-58    0-27 


083 
— o  "06  41-66  o  -13 
+086  53-17  0-13 
+0  -98    25  -56    o  -13 

0*39 
-I-0-I4    35-14    0-40 

-f o  -56    01  -47    o  -40 

—0-78    24-58    0-39 


I  '19 
— o  -75  30  '45  o  26 
+o*37  53*78  026 
-f  o  -29    36  '55    o  26 

0-78 
— o  -35  20  43  o  -34 
— o  -48  00  -62  o  '34 
-0-19    3997    034 


I  -02 

-fO-40     49*98     0-2I 

■j-o  -69    49  'oi    o  -21 

— O  -24     21  -64     O  -21 

0-63 


Logarithms. 

4  -168  826  o 
4  '277  875  3 
4  '137  898  5 

4  -277  875  3 
4-242  702  7 

4  -373  466  I 

4  -227  867  5 
4  -268  259  5 
4  '535  016  4 


4  -227  867  5 
4  -279  177  2 
4*457  118  7 

4  -535  016  4 
4-156  114  3 
4-457  118  7 

4  -268  259  5 
4-156  114  2 
4-279  177  2 


Distances 
in  metres. 


14  751  *I5 
18  961  -62 

13  737  -21 

18  961  -62 

17  486  -49 
23  630  -13 

16  899  -25 

18  546  '39 
34  278  -07 


4*373  466  I  23  630-13 
4  -307  622  I  20  305  -89 
4  535  016  5   34  278  08 


16  899  -25 
19  018  -54 
28  649  *6i 

34  278  -07 
14  325  •65 
28  649  '61 

18  546  '39 

14  325  '65 

19  018  '54 
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PROBABLE  ERRORS. 

Determination  of  the  probable  errors  of  the  length  of  the  sides  common  to  the  net  and  to  the  adjacent 

chains  of  triangulation. 

For  the  side  Hunt  City  to  Oblong,  as  adjusted,  we  make  use  of  the  expression 

Hunt  City  to  Oblong  _  sin  (43  —  39)  sin  (49  —  45)  sin  (17  —  14)  sin  (33  —  32)  , 
Olney  Base  sin  (15  — 11)  sin  (29  — 26)  sin  (23  — 22)  sin  (20— 18) 

hence  the  function — 

/^=logsin  (43  —  49)  flog  sin  (49  — 45)  + log  sin  (17  —  14)  +  log  sin  (33  —  32) 
—  log  sin  ( 15  —  1 1 )  —  log  sin  ( 29  —  26)  —  log  sin  (23  —  22)  —  log  sin  (20  — 18). 

Establishing  and  solving  the  transfer  equations,  we   find  the  reciprocal  of  the 

weight— =26'6i5,  also  the  mean  error  Mf,  and  the  probable  error  r^,  both  expressed  in 

units  of  the  sixth  place  of  decimals  in  the  logarithm,  viz,   it  2*227  ^^^  ±1*502, 
respectively;  hence  log  distance  Hunt  City  to  Oblong  4"  156  114  2  and  the  distance 

±  I  5 

14  325*65  metres.     The  probable  error  is  about  ——^ part  of  the  lenclh. 

±0-05  287cxx5^        < 

To  this  must  be  added  the  proportional  error  depending  upon  that  of  the  base 

measure,  or  ±0*0089  X    7       =  ±0*019  metre;  hence  probable  error  of  lenclh  of  side 

6591  ** 

Hunt  City  to  Oblong,  \/ (0*05)'+ (0*019)'  =  ±  0*05  metre. 
For  the  side  Hunt  City  to  Newton,  we  use  the  expression 

Hunt  City  to  Newton __ sin  ( 43  —  39)  sin  ( 50  —  49)  sin  (8  —  4)  sin  (16  —  12) 
Olney  Base  sin  (15  — 11)  sin  (  8  —  7  )  sin  (3  — 2)  sin  (21  — 19) 

/5'=logsin  (43  — 39)  + log  sin  (50-49)-!- log  sin  (8-4)H-lpg  sin  (16-12) 
—  log  sin  ( 15  —  II )  —  log  sin  (  8  —  7  )  —  log  sin  (3  —  2)  —  log  sin  (21  — 19) 

Establishing  and  solving  the  transfer  equations,  we  get 

-~  20*859,  also  /»F=  ±  I '97  and  rp=  ±  1*33;  hence 

k 

log.  distance  Hunt  City  to  Newton  =  4*307  622  i  and  distance  =  20  305*89  metres.     The 

±13  ±0*06 

probable  error  is  about part  of  the  length;  adding  to  this  the  proportional  error 

327  000 

20 106 
arising  from  the  base  measure,  or  ±ooo89X   /^     =  ±  0*028  metre,  the  probable  error 

of  length  of  side  Hunt  City  to  Newton  is  \/(o.o6) '+  (0*028) "  =  ±0*07  metre. 

We  may  also  take  without  sensible  error  the  probable  error  of  the  side  Hunt  City 

to  Claremont  as part,  or  ±0*112,  to  which  error  must  be  added  that  propor- 

306  000 

tional  one  due  to  the  base  measure,  or  ±0*0089  X  ^5^^^     =  ±0*046;  hence  probable 

6591 

error  of  side  Hunt  City  to  Claremont  =  ±  0*12  metre. 

18732 — No.  4 7 
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GBNBRAL  DESCRIPTION  OF  STATIONS  FORMING  THE  OI^NEY  BASE  NET,   IIJ,INOIS. 

East  Base,  Jasper  County,  Illinois;  established  in  1879  by  the  United  States  Lake 
Survey.  This  station,  marking  the  east  end  of  the  Olney  Base  Line,  is  situated  in 
section  19,  township  5  north,  fractional  range  11  east,  St.  Marie  Township,  about  3J 
miles  east  and  one-half  mile  north  of  the  railway  station  of  West  Liberty,  on  the  Gray- 
ville  and  Mattoon  Railroad.  The  geodetic  point  is  marked  by  a  brass  cylinder  leaded 
into  the  top  of  a  stone  post  of  the  usual  form,  set  2 J  feet  below  the  surface  of  the 
ground,  and  surrounded  by  brickwork  3  feet  square  and  3  feet  deep.  Two  side  stones 
are  set  on  a  line  at  right  angles  to  the  direction  of  the  base  line,  and  at  a  depth  below 
the  surface  of  the  ground  of  about  2\  feet;  one  bears  north  1°  28'  west,  distant  7*91 
metres,  and  the  other  south  1°  28'  east,  distant  8*04  metres  from  the  geodetic  point.* 
Three  stone  reference  posts  are  set  as  follows:  One  bearing  north  49®  49'  east,  distant 
361  metres;  one  bearing  south  58®  02'  east,  distant  322  metres,  and  one  bearing  south 
35^  50'  west,  distant  208  metres  from  the  geodetic  point.  The  northwest  corner  of 
section  19,  township  5  north,  fractional  range  11  east,  bears  north  77°  12'  west,  and  is 
distant  about  i  054  metres  from  the  geodetic  point. 

West  Base,  Jasper  County,  Illinois;  established  in  1879  by  the  United  States  Lake 
Survey.  This  station,  marking  the  west  end  of  the  Olney  Base  Line,  is  situated  in  the 
northwest  quarter  of  the  northeast  quarter  of  section  21,  township  5  north,  range  10 
east.  Fox  Township.  The  geodetic  point  is  marked  by  a  stone  post  of  the  usual  form, 
set  in  a  bed  of  brickwork  3  feet  square,  with  its  top  4  feet  below  the  surface  of  tl  e 
ground.  Two  additional  stones  are  set  on  a  line  through  the  geodetic  point  perpen- 
dicular to  the  direction  of  the  base  line  and  at  a  depth  below  the  surface  of  the  ground 
of  about  4  feet,  one  bearing  north  1°  30'  west,  distant  8*02  metres,  and  one  bearing 
south  1°  30'  east,  distant  8 "06  metres  from  the  geodetic  point.  Three  stone  reference 
posts  are  set  as  follows:  Two  on  the  south  side  of  the  road  north  of  the  station,  one 
bearing  north  2°  45'  west,  distant  246*7  meti:es,  and  one  bearing  north  45*^  32'  east, 
distant  356'o  metres,  and  one  bearing  south  61°  00'  east,  distant  302*0  metres.  An  oak 
latitude  post  17  inches  in  diameter,  occupied  in  i860,  bears  south  88°  36'  east,  and  is 
distant  i6"i9  metres.  The  northeast  comer  of  section  21  bears  north  67°  19'  east,  and 
is  distant  about  727  metres. 

Buffalo  Mound,  Jasper  County,  Illinois;  established  in  1879  by  the  United  States 
Lake  Survey.  This  station  is  situated  in  section  i,  near  the  line  between  sections  i  and 
2,  township  5  north,  range  10  east,  of  the  third  principal  meridian.  Fox  Township,  on 
a  hill  known  as  Buffalo  Mound,  about  2j^  miles  southwest  of  the  village  of  St.  Marie. 
The  geodetic  point  is  marked  in  the  usual  manner  by  two  stone  posts  set  one  above  the 
other.  Three  stone  reference  posts  are  set  on  the  west  side  of  the  section-line  road  just 
west  of  the  station,  as  follows:  One  bearing  -south  40°  46'  west,  distant  44.4  metres; 
one  bearing  north  87®  19'  west,  distant  28*9  metres,  and  one  bearing  north  38°  54'  west, 
distant  45*3  metres.  The  comer  of  sections  i,  2,  11,  and  12  bears  south  1°  29'  west, 
and  is  dista;it  966  metres  from  the  geodetic  point. 

Middle  Base,  Jasper  County,  Illinois;  established  in  1879  by  the  United  States  Lake 
Sur\''ey.  This  station,  near  the  middle  of  the  Olney  Base  Line,  is  situated  in  the  north- 
west quarter  of  section  23,  township  5  north,  range  10  east.  Fox  Township,  about  I'l 

*  All  bearings  in.  the  Olney  Base  Net  are  true. 
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miles  east  and  one-half  mile  north  of  West  Liberty ,'  a  station  on  the  Grayville  and  Mat- 
toon  Railroad.  The  geodetic  point  is  marked  by  a  stone  post  of  the  usual  form,  set  2^ 
feet  below  the  surface.  The  northeast  comer  of  section  23  bears  north  66°  18'  east, 
and  is  distant  about  712  metres  from  the  geodetic  point. 

,  Check  BcLse,  Richland  County,  Illinois;  established  in  1879  by  the  United  States 
Lake  Survey.  This  station  is  situated  in  section  6,  township  4  north,  range  11  east, 
Preston  Township.  The  geodetic  point  is  marked  by  a  hole  in  the  top  of  a  stone  post 
set  2\  feet  below  the  surface  of  the  ground,  with  a  stone  post  set  directly  over  it  as  a 
surface  mark.  Three  stone  reference  posts  are  set  as  follows:  One  on  the  south  side 
of  the  road  on  the  south  of  the  station,  bearing  south  12°  12'  west,  distant  22*6  metres; 
one  at  the  northeast  corner  of  the  cemetery  just  west  of  the  station,  bearing  north  3°  35' 
west,  distant  73  metres,  and  one  on  the  north  side  of  the  above  road,  bearing  south 
80°  21'  east,  distant  53*5  metres.  The  southeast  comer  of  the  German  Reformed 
Church  bears  north  53°  10'  west,  and  is  distant  20' i  metres.  The  quarter-section  stone 
of  the  west  line  of  section  6  bears  north  31°  44'  west,  and  is  distant  943*9  metres  from 
the  geodetic  point. 

Onion  Hill,  Richland  County,  Illinois;  established  in  1879  by  the  United  States 
Lake  Survey.  This  station  is  situated  in  the  northeast  quarter  of  section  2,  township 
4  north,  range  9  east,  Denver  Township,  about  5  miles  southwest  of  West  Liberty,  a 
station  on  the  Grayville  and  Mattoon  Railway,  on  Onion  Hill.  The  geodetic  point  is 
marked  by  a  stone  post  of  the  usual  form  set  3  feet  below  the  surface,  with  a  stone  post 
set  directly  over  it  as  a  surface  mark.  Three  stone  reference  posts  were  set  as  follows: 
One  on  the  south  side  of  the  road  north  of  the  station,  bearing  north  33°  02'  east,  distant 
205*68  metres ;  one  on  the  north  side  of  the  same  road,  bearing  north  25°  31'  west,  distant 
181 '04  metres,  and  one  on  the  west  side  of  the  road  west  of  the  station,  bearing  north 
84**  35'  west,  distant  354*02  metres  from  the  geodetic  point.  The  northeast  comer  of 
section  2  bears  north  69°  25'  east,  and  is  distant  502*7  metres  from  the  geodetic  point. 

Claremont,  Richland  County,  Illinois ;  established  in  1879  by  the  United  States  Lake 
Survey.  This  station  is  situated  in  section  29,  township  4  north,  range  14  west,  German 
Township,  about  3  miles  northwesterly  from  the  town  of  Claremont,  a  station  on  the 
Ohio  and  Mississippi  Railroad,  on  land  belonging  to  the  Brinkley  heirs.  The  geodetic 
point  is  marked  by  two  stone  posts  set  one  above  the  other,  in  the  usual  manner. 
Three  stone  reference  posts  are  set  as  follows  :•  One  bearing  north  67°  33'  west,  distant 
23*1  metres;  one  bearing  north  0°  39'  west,  distant  78  metres,  and  one  bearing  north 
71®  45'  east,  distant  24*6  metres  from  the  geodetic  point.  The  northwest  comer  of 
section  29  bears  north  60°  03'  west,  and  is  distant  847  metres  from  the  geodetic  point. 

Denver^  Richland  County,  Illinois;  established  in  1879  by  the  United  States  Lake 
Survey.  This  station  is  situated  in  the  northwest  quarter  of  the  northeast  quarter  of 
section  21,  township  4  north,  range  9  east,  Denver  Township,  about  5^^  miles  north  of 
station  Noble  on  the  Ohio  and  Mississippi  Railroad,  on  land  belonging  to  Mr.  Kinkade, 
living  a  little  more  than  one-fourth  mile  east  of  the  station.  The  geodetic  point  is 
marked  by  a  stone  ipost  of  the  usual  form  set  3  feet  below  the  surface  of  the  ground, 
with  a  stone  post  set  directly  over  it  as  a  surface  mark. 

Three  stone  reference  posts  were  set  as  follows:  One  on  the  north  side  of  the  road 
north  of  the  station,  bearing  north  15°  27'  east,  distant  344*92  metres;  one  on  the  east 
side  of  the  road  east  of  the  station,  bearing  north  69®  35'  east,  distant  578*78  metres; 
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and  one  on  the  west  side  of  the  latter  road,  bearing  south  70°  01'  east,  and  distant  568*15 
metres  from  the  geodetic  point. 

The  comer  of  sections  15,  16,  21,  and  22  bears  north  58°  52' east  and  is  distant 
628*32  metres. 

Newton,  Jasper  County,  Illinois;  established  by  F.  W.  Perkins  in  1883.  This 
station  is  situated  near  the  northwest  comer  of  the  southeast  quarter  of  the  southwest 
quarter  of  section  25,  township  6  north,  range  9  east,  Smallwood  Township,  about  4}^ 
miles  south  of  Newton,  the  county  seat.  The  geodetic  point  is  marked  by  the  apex  of 
an  earthenware  pyramid  set  in  mortar  3^^  feet  below  the  surface.  The  surface  mark  is 
the  intersection  of  two  cross  lines  cut  on  top  of  a  white  idarble  post,  6  inches  square 
and  2j^  feet  long,  projecting  6  inches  above  the  surface.  The  letters  U.S.C.&G.S.  are 
cut  in  the  4  squares  formed  by  the  cross  lines.  This  post  stands  on  a  brick  foundation  i 
foot  thick  and  16^  inches  square  and  is  solidly  encased  in  brick  to  its  top.  From  this 
point  up,  a  height  of  3  feet,  the  brick  pier  is  hollow  and  is  capped  by  a  marble  slab  2 
inches  thick  and  i6J^  inches  square,  with  a  small  hole  in  the  center  to  mark  the  station. 
At  the  top  of  the  marble  post  openings  were  left  in  the  brickwork  in  order  that  the 
cross  lines  on  the  post  could  be  seen.  The  whole  height  of  the  brick  pier  is  6J^  feet. 
Another  brick  pier  21  by  i6>^  inches,  used  for  latitude  observations,  was  built  about  50 
feet  distant  due  west.  Two  marble  posts  5  inches  square  and  2%  feet  long,  with  arrows 
on  top  pointing  to  the  station,  were  set  as  reference  posts,  nearly  west  and  in  range, 
one  221*4  ^^^^  21^^  ^^^  other  i  508*8  feet  distant,  bearing  (true)  south  89°  59'  west 
from  the  station.  The  following  true  bearings  and  distances  were  measured  from  the 
geodetic  point:  East  lightning  rod  of  I.  Wilson's  house  south  9°  13'  west  southwest 
corner  of  section  25,  south  50°  59'  west  607*4  metres  distant.  Chimney  of  McMurray's 
house  north  54°  26'  west.  Chimney  of  schoolhouse  north  46**  20'  west.  Chimney  of 
Weaver's  house  north  22°  33'  west  i  180*3  metres  distant.  Southeast  corner  of  section 
25,  south  71°  50'  east  i  217*6  metres  distant. 

Hunt  City,  Jasper  County,  Illinois;  established  in  1879  by  the  United  States  Lake 
Survey.  This  station  is  situated  in  the  northeast'  quarter  of  the  northwest  quarter  of 
section  7,  township  7  north,  range  14  west,  Grandville  Township,  about  to  miles  north- 
east of  Newton,  and  about  three-fourths  mile  northeast  of  Hunt  City,  a  small  station  on 
the  Danville,  Olney  and  Ohio  River  Railroad.  The  geodetic  point  was  marked  by  a 
stone  post  of  the  usual  form,  set  3  feet  below  the  surface,  with  a  stone  post  set  directly 
over  it  as  a  surface  mark.  Three  stone  reference  posts  were  set  as  follows:  Two  on  the 
south  side  of  the  section-line  road  north  of  the  station,  one  bearing  north  33°  52'  east, 
distant  33471  metres,  and  one  bearing  north  9°  54'  west,  distant  282*62  metres;  and 
one  on  the  east  side  of  the  section-line  road  west  of  the  station,  bearing  south  85°  32' 
west,  and  distant  678*88  metres  from  the  geodetic  point.  The  section  corner  at  the 
northwest  corner  of  section  7  and  southwest  corner  of  section  6  (above  township)  bears 
north  66°  46'  west,  and  is  distant  749*0  metres.  The  section  comer  at  the  southeast 
comer  of  section  6  and  the  northeast  corner  of  section  7,  township  7  north,  fractional 
range  11  east,  bears  north  67°  05'  west,  and  is  distant  747*0  metres  from  the  geodetic 
point.     These  two  section  comers  are  4*56  metres  apart. 

« 

Oblong,  Crawford  County,  lUinois;  established  in  1879  by  the  United  States  Lake 
Survey.  This  station  is  situated  in  the  southeast  quarter  of  the  southeast  quarter  of 
section  32,  township  7  north,  range  13  west,  Oblong  Township.     The  geodetic  point  is 
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marked  in  the  usual  manner  by  two  stone  posts  set  one  above  the  other.  Three  stone 
reference  posts  are  set  along  the  east  side  of  the  road  west  of  the  station  as  follows: 
One  bearing  south  44°  15'  west,  distant  1257  metres;  one  bearing  south  78°  32'  west, 
distant  900  metres,  and  one  bearing  north  65°  13'  west,  distant  977  metres  from  the 
geodetic  point.  The  first  reference  post  mentioned  is  set  near  the  land-survey  stone  »on 
the  south  line  of  section  32,  one-fourth  mile  west  of  the  southeast  comer  of  the  section, 
the  land-survey  stone  bearing  south  46°  23'  west,  and  being  distant  131  metres  from 
the  geodetic  point.  The  southeast  comer  of  section  32  bears  south  73**  42'  east,  and  is 
distant  325*6  metres  from  the  geodetic  point. 

(d)  El  Paso  Base  Line,  Colorado,  J8jg, 

LOCATION,   MEASUREMENT,   AND  LENGTH. 

This  base  is  located  on  the  eastern  slope  of  the  Rocky  Mountains,  in  El  Paso  County, 
Colorado.  A  reconnaissance  made  by  O.  H.  Tittmann,  Assistant,  Coast  and  Geodetic 
Survey,  in  August, 
1878,  resulted  in  the  se- 
lection of  the  site  about 
48  kilometres  (30  stat- 
ute miles)  east  north- 
east of  Pikes  Peak,  with 
the  middle  point  in  ap- 
proximate latitude  38° 
58'  and  longitude  104° 
31'  west,  and  about 
2  063  metres  (6  768 
feet)  above  the  sea 
level.  It  is  the  most 
elevated  base  line  on 
the  arc.  The  length  is 
approximately  11 '29 
kilometres  (7*02  stat- 
ute miles)  and  the  azi- 
muth East  Base  to  West 
Base  about  i02°:8. 
The  line  is  on  the  table 
land  south  of  the 
divide  between  the  val- 
leys of  Monument  and 
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Bracket  creeks,  with  a  general  slope  of  the  ground  upward  from  east  to  west,  the 
western  terminus  being  nearly  172  metres  above  the  eastern  one,  as  determined,  by  two 
lines  of  spirit  levels.  The  line  was  free  of  all  obstructions,  such  as  trees,  shrubs,  fences, 
or  buildings,  and  required  no  grading  whatever;  the  ground  was  dry,  gravelly,  and 
sandy  and  covered  with  a  short  growth  of  grass.  The  line  crosses  the  dry  bed  of 
Squirrel  Creek  and  a  few  gulches  and  running  springs.  A  masonry  monument  on  the 
Townsend  Ranch  marks  the  east  end,  another  like  it  on  the  old  Pugsley  Ranch  the 
west  end.     The  underground  marks  are  two  granite  posts,  set  in  cement  and  one  above 
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the  other.  Each  has  a  hole  drilled  in  its  upper  surface,  filled  with  lead  with  a  copper 
tack  driven  into  it;  a  line  drawn  on  the  head  of  the  tack  marks  the  terminal  point  cf 
the  base.  The  monuments  are  of  brick,  about  a  metre  high,  and  capped  with  a  stone 
slab  15  centimetres  (6  inches)  thick. 

A  preliminiary  measure  was  made  with  a  60-metre  steel  chain,  and  stubs  were  placed 
in  alignment  subdividing  the  line  into  54  sections.  The  base  was  measured  twice, 
once  forward  and  once  backward,  by  Assistant  Tittmann,  with  the  6-metre  contact-slide 
steel  rods  Nos.  3  and  4,  between  August  7  and  September  4,  1879.  This  apparatus 
was  made  by  E.  Kiibel,  of  Washington,  District  of  Columbia,  in  June,  1878,  and  was 
employed  here  for  the  first -time.  A  description  of  this  kind  of  apparatus  will  be 
found  in  Appendix  No.  17,  Coast  and  Geodetic  Survey  Report  for  j88o,  pp.  341-345-  It 
embodies  the  principle  and  construction  of  Colonel  Mudge's  apparatus,*  but  received  great 

improvements  in  the  hands  of 
Assistant  J.  E.  Hilgard,  as  stated 
by  him  in  the  above  appendix. 

Length  of  the  contact-slide  rods 
Nos.  J  and  4, — These  rods  are 
agate-capped  and  about  8  milli- 
metres in  diameter.  They  were 
compared  at  the  Survey  Office 
with  the  standard  iron  6-metre 
bar  No.  i,  by  Assistants  H.  G. 
Ogden  and  O.  H.  Tittmann,  in 
May,  1879,  and  again  after  the 
return  of  the  rods  from  the  base 
measure  by  Assistants  Ogden  and  S.  Forney  in  November,  1879.  The  6-meter  standard 
bar  No.  i  dates  from  March,  1847,  and  was  made  for  standardizing  the  Bache- Wiirdemann 
compensation  base  apparatus,  last  used  in  1873.  The  length  of  this  end  standard!  was 
determined  at  various  times,  in  1847  by  J.  Saxton  and  A.  A.  Humphreys,  in  1853-54  ^y 
J.  Saxton,  in  i860  by  J.  E.  Hilgard  and  W.  L.  Nicholson,  and  in  1877  by  H.  W.  Blair. 
These  last  comparisons  are  dependent  on  six  new  steel  metres  specially  constructed  for  the 
purpose,  and  being  the  most  elaborate  and  nearest  in  time  to  the  base  measure,  their  result 
alone  is  given  here.  Extensive  observations  were  made  at  the  Smithsonian  Institution 
between  February  and  April,  i860,  for  the  determination  of  the  coefficient  of  expansion. 
For  an  account  of  these  observations,  as  well  as  of  the  standardizing  of  the  bar,  see  the 
description  given  by  Assistant  Hilgard  in  Appendix  No.  26,  Coast  Survey  Report  for 
1862.  The  range  of  temperature  during  these  observations  was  between  0°  and  38°  C. 
(32  to  100°  F.)i  with  resulting  coefficient  of  expansion  0000  on  54  for  the  centigrade 

±     4 
scale  (o'GOo  006  41  for  the  Fahrenheit  scale).    The  observations  of  February  and  March, 

zfc      2 

1877,  for  length  of  6-metre  standard,  consist  in  the  first  place  of  comparisons  of  the  6 
steel-end  J  metre  bars  (Nos.  i,  12,  13,  19,  28,  35)  inter  se,  and  of  No.   19  with  the 

*  Triangulation  of  England  and  Wales,  etc.     Vol.  I.  London,  1799,  plate  iv. 

t  Projecting  ledge  at  end  surface.     (vSee  above  cut.) 

I  Abutting  end  cylindric  and  of  i^  millimetres  radius.     (See  above  cut.) 


[^biMinff  end/,  cyU 
of  liTfvrrv  rajdikijQ 
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Committee  Metre;  and,  secondly,  of  comparisons  of  length  of  the  6  metres  joined,  con- 
tacts secured  by  springs,  aligned,  leveled,  and  duly  supported  with  the  6-metre  bar.  In 
these  comparisons  several  thermometers  were  used.  They  were  properly  distributed 
and  corrected  for  index  error  and  defect  in  graduation,  besides  the  relative  positions  of 
the  various  bars  were  systematically  changed;  the  average  temperature  was  about 
7)^**  C.  (45  J^**  F.).  Saxton's  reflecting  comparator  (called  pjrrometer)  was  used  for 
the  differential  measures.  At  the  same  time  a  copy  of  the  6-metre  standard,  known  as 
No.  2,*  cut  to  length  in  February,  1855,  was  standardized  in  the  same  manner  and  com- 
pared with  No.  i;  it  was  found  to  be  247/i  (microns)  longer  than  No.  i  (both  at 
5® 'I  C).     The  comparisons  of    i860  give  the  result:    Length  of  the  6-metre  iron 

standard  No.  i  =  5  "999  940  7  at  o®C. 

zb     8 

and  of  No.  2      =  5  999  982  3  at  o"'C. 

dbi  o 

From  the  comparisons  of  1877  the  following  results!  have  been  deduced: 


m  o 


Length  of  6-metre  iron  standard  No.  i  =  5*999  954  7  at  o  C. 

:fc    25 
Length  of  6-metre  iron  standard  No.  2  =  5*999  982  6  at  o  C. 

±     I  o 

An  additional  value  for  length  of  standard  No.  i  is  obtained  from  comparisons 
made  by  Assistant  C.  A.  Schott  in  August  and  September,  1882, *at  the  Survey  OflSce  in 
connection  with  the  standardizing  of  a  5-metre  standard  to  which  was  joined  a  single- 
metre  bar,  both  of  known  length,  J  whence  we  have  length  of  6-metre  standard  No.  i 

5*999  94^  I  at  o  C.     For  final  value  of  length  of  this  standard  we  take  the  weighted 

d=     46 
mean  of  the  three  values  of  i860,  1877,  and  1882  with  their  weights  J^,  i,  and  J^, 

respectively,  and  find  length  of  standard  No.    i  =  5 '999  949  at  o  C.     Comparisons 

±     3 
made  in  May  and  November,  1879,  of  the  6-metre  contact-slide  rods  Nos.  3  and  4  with 

standard  No.  i  gave  the  following  results: 

May  17  and  18,  1879.     H-  G-  Ogden  and  O.  H.  Tittman,  observers. 

m  ° 

Length  of  No.  3  =  6  '001  076  at  17  *28  C. 

^    5 
Length  of  No.  4  =  6  *ooi  142  at  17  *28  C. 

±:  4 

November  26  and  28,  1879.     H.  G.  Ogden  and  S.  Forney,  observers. 

m  o 

Length  of  No.  3  =  6  000  514  at  7  *74  C. 

±     4 

Length  of  No.  4  =  6  "ooo  476  at  7  *74  C. 

±i    4 


♦  An  end  measure  without  projecting  edge. 

fThe  observer's  result  was:  Length  of  standard,  5  999  958  3  metres  at  oP  C;  but  a  discussion  of  March,  1883,  gave 
the  result  in  the  text.  ^    ^ 

X  Appendix  No.  7,  Coast  and  Geodetic  Survey  Report  for  188a,  pp.  137-138. 
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In  the  absence  of  a  reliable  value  for  the  coefficient  of  expansion  of  these  rods,  it 
was  decided  to  have  special  observations  made.  Under  date  of  March  27,  1897, 
Assistant  A.  Braid,  in  charge  of  Weights  and  Measures,  reports  the  results  of  his 
observations  as  follows: 


Observations 
in  March, 
1897. 

Hence  we  have: 


For  6-metre  standard  No.  2 
For  6-metre  bar  No.  3 
For  6-metre  bar  No.  4 


o  '000  01 1  25  for  the  C.  scale 
o'ooo  on  49 
o'ooo  on  41 


Length  of  No.  3  at  12**  '51  C.  (or  54°  -52  F. )     6  'ooo  795  metres,      or     at  o®  C.  5  '999  933  metres 
Length  of  No.  4  at  12°  -51  C.  (or  54®  '52  F. )     6  'ooo  809  metres,      or     at  0°  C.  5  '999  953  metres 

The  probable  error  of  each  may  be  estimated  at  dr  6)w.  The  corrections  to  the 
graduation  of  the  Tagliabue  thermometers  attached  to  the  rods  were  determined  by 
means  of  a  Casella  standard  No.  1841 1.     They  are  as  follows: 

Thermometers. 
Correction        Rod  No.  3.       Rod  No.  4. 


at 

o 

92  F. 

82 

62 

45 


502 

o 

-06 
-06 

-05 
-07 


503. 

o 

-0-5 

-0-5 
-0-4 

-0-4 


f 

For  the  purpose  of  comparing  the  results  by  the  forward  and  backward  measures, 
or  those  of  the  day  and  night  measure,  the  agate  end  of  the  rods  was  referred  to  the 
ground  by  means  of  a  sector  (with  level  attached)  set  at  right  angles  to  the  length  of 
•the  base.  A  short  distance  away  and  opposite  to  it,  at  the  ground  mark,  an  ivory  scale 
divided  into  millimetres  was  read  off. 

In  the  following  summary  of  resulting  lengths  of  the  forward  and  backward  meas- 
ures the  distances  are  corrected  for  errors  arising  from  temperature,  inclination  and 
alignment  of  the  bars,  but  no  reduction  to  sea  level  has  been  applied. 

Section  measures  of  the  El  Paso  Base. 


Section  marks. 


Mean         Mean 

temp.  F.   temp.  F.  no.  of  Corrected 

corr'd.       co*T'd.  (average)  distance, 

Back-  bars.  forward. 


East  Base  to  A  (day) 

(night) 
(night) 

A  to  B  (day) 

B  to  A  (day) 

A  toB  (night) 

B to  C (day) 

C  to  B  (day) 

B  toC  (night) 


For- 
ward. 

o 

57 '41 

57*38 

59*79 
6076 

51 '11 
66*45 

49*29 


ward, 
o 


40 


68-37 


33 


70*09 


37 


m. 

240*014  50 

•013  09 

•on  74 
198  023  56 

198  *022   57 
222  "033   68 

222  '028   72 


Corrected 

distance, 

backward. 


m. 


Mean. 


M. 


240*013   II 


198  -025  33    [     198  -023  82 


222  -033  85 


222  '032  08 


Differ- 
ence 
from 

mean. 

mm. 

1*39 

0*02 

1*37 
0*26 

1*51 
I  25 

I  *6o 

I  *76 

3 -.6 
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Section  measures  of  the  El  Paso  ^aj^?— Continued. 


Mean        Mean 


Section  marks. 

temp.  F. 
corr'd. 

For- 
ward. 

temp.  F. 
corr'd.     / 

Back- 
ward. 

No.  of 
average) 

t)ars. 

Corrected 

distance, 

forward. 

Corrected 

distance. 

backward. 

Mean. 

Differ- 
ence 
from 

mean. 

C  to  D  (day) 

0 
68-35 

0 

1U. 

204-023  29 

m. 

m. 

fHfH, 
0*32 

DtoC  (day) 

66-96 

34 

204*025  71 

204*023  61 

2*10 

CtoD  (night) 

46  -39 , 

^ 

204-021  82 

1*79 

DtoE 

64-18 

75 -61 

46 

276  030  80 

276*031  00 

276  *030  90 

0*10 

EtoF 

54*22 

66-71 

33 

198*004  29 

198  003  68 

198  003  99 

0*30 

FtoG 

63  01 

72*44 

35 

210 '016  96 

210*020  12 

210*018  54 

1-58 

GtoH 

71  -12 

77*59 

32 

192  -027  78 

192  -027  88 

192  '027  83 

0*05 

Htol 

80-45 

76*84 

37. 

222*046  79 

222  -043  99 

222  -045  39 

I  *4o 

I  to  J 

88-96 

68-72 

39 

234  -060  44 

234-056  21 

234  *058  32 

2-II 

JtoK 

82-34 

61-63 

30 

180-022  54 

180*021  29 

180*021  91 

0*62 

KtoL 

63-08 

73*68 

34 

203  -983  48 

203  *983  78 

203  -983  63 

0*15 

L  to  Ridge 

74*47 

83*44 

36 

215  '974  32 

215*977  16 

215  '975  74 

1-42 

Ridge  to  M 

60-10 

74*74 

34 

203  -983  88 

203  984  87 

203  -984  38 

0-50 

MtoN 

64-99 

82-80 

29 

174  -020  09 

174  *020  08 

174  '020  09 

o*oi 

NtoO 

71  -00 

85  *27  . 

32 

192  -006  14 

192  *002   53 

192  *oo4  33 

I  *8i 

OtoP 

62-44 

81  02 

34 

204*006  22 

204*004  38 

204*005  30 

0*92 

PtoQ 

58-20 

76*99 

34 

203  -976  90 

203  *977  06 

203  976  98 

o*o8 

.  QtoR 

69-26 

82-50 

37 

222  -027  92 

222  *026  39 

222  *027  16 

0*77 

RtoS 

7836 

84*43 

34 

204-033  84 

204-031  09 

204  *032  47 

1*37 

S  to  Signal 

65*71 

86-37 

40 

239  *993  41 

239*995  71 

239  994  56 

1*15 

Signal  to  T 

7698 

86-34 

34 

204-022  39 

204  -021  65 

204*022  02 

0*37 

•    T  toU 

84-91 

88  65 

34 

204*042  62 

204-041  20 

204*041  91 

0*71 

U  toV 

94*15 

82  -22 

34 

204  -049  97 

204*046  68 

204*048  32 

1-65 

V  toW 

67  '34 

77*59 

34 

204  -030  96 

204  -032  42 

204*031  69 

0*73 

WtoX 

66-91 

87-06 

34 

204-029  70 

204*033  18 

204*031  44 

1*74 

Xto  Y 

75*15 

84*87 

34 

204*011  04 

204*011  62 

204*011  33 

0*29 

YtoZ 

82-47 

81-43 

34 

204*041  71 

204  040  92 

204*041  32 

040 

Z  to  Gulch 

87-16 

77-20 

31 

186  054  94 

i86*Q55  22 

186  055  08 

0*14 

Gulch  to  Range 

61  '91 

69-70 

44 

264  005  55 

264  008  99 

264  *oo7  27 

I  72 

Range  to  Dot 

71  -60 

60-43 

34 

204  034  09 

204  034  96 

204  *034  52 

o*43 

Dot  to  Spring 

79*23 

86-42 

24 

144  *oo6  45 

144  007  29 

144  *oo6  87 

0*42 

Spring  to  Road 

89*39 

82-30 

33 

198-017  23 

198*018  03 

198*017  63 

0*40 

Road  to  a 

72-89 

85 -97 

49 

294*008  15 

294*005  08 

294  006  62 

1*53 

a\.oP 

87*74 

89*22 

32 

192  *028  30 

192  *o24  21 

192  026  25 

2*04 

ptoy 

67*33 

80 -81 

37 

222  *oo4  64 

222  *oo4  68 

222  004   66 

0*02 

y  to  6 

81  -18 

84  -83 

32 

192  *038  81 

192  *o36  36 

192  037   58 

1*23 

S  to  e 

88-18 

87 -22 

35 

210  025  44 

210  022  97 

210*024    20 

1*23 

€  toC 

87*47 

86-59 

34 

203  993  45 

203  992  05 

203  *992  75 

070 

C  toj7 

68-53 

83*41 

34 

203  995  83 

203  -994  45 

• 

203-995  14 

0-69 

7f  toB 

76-06 

82-01 

35 

210*029  95 

210*028  66 

210  *029  31 

0-64 

9  to  I 

83*31 

78  00 

35 

210*037  34 

210  035  46 

•  210*036  40 

0-94 

io6 
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Section  measures  of  the  El  Paso  Base— Co^Wnxxedi, 


Section  marks. 


Mean         Mean 
temp.  F.  temp.  F.      No.  of 
corr'd.      corr'd.     (average) 


K\oX 

XXofi 

fJLtOY 

vto  4 
i  \oo 
o  toie 
7t  to  p 
p  to  6 
6  tor 

TtOV 

V  to  West  Base 

V  to  West  Base 

West  Base  to  v 
West  Base  to  v 


For- 
ward. 

o 

66*29 

66-83 

74*57 
65-18 

67-83 
75*54 
68-68 

80-51 

85*41 

85*84 
8077 

60-95 
61  '62 


Back- 
ward. 

o 

73 '60 
66-87 
56-61 
91  -09 

87-96 
79*20 
69*70 
61*15 
53*60 
48*28 

78*41 


bars. 


Corrected 
distance 
forward. 


Corrected 

distance. 

backward. 


74-92 
85*08 


fH,  tn. 

34  203  *987  39  203  *988  55 

35  209  977  26  209  978  42 
41  246*033  64  246*033  64 

28  167  -945  30  167  -944  47 

24  143  *999  69  143  '999  88 

40  239  967  06  239  965  39 

35  210*005  83  210*004  77 

36  215*953  II  215*950  94 
34  203*985  44  203*984  31 
36  215  1978  09  215  -976  83 

29  173  974  49  173  "973  61 
258*207  93 
258*215  12 

43 

258  -215  86 

258*211  27  , 


Mean. 

m, 

203*987  97 

209  *977  84 
246*033  64 
167  *944  88 

143  999  79 
239  '966  23 
210*005  30 
215  952  02 
203*984  88 
215  -977  46 
173  '974  05 


258-212  55 


Differ- 
ence 
from 

mean. 

mift. 
0-58. 

0-58 

o*oo 

0*41 

O'lO 

0-83 
0*53 

I  *09 
0*56 

.0*63 
o*44 

4*62 
2*57 

3*31 
I  -27 


East  Base  to  West  Base 


I  882 


I T    292  '823   09 


The  forward  and  backward  measures  of  the  subdivisions  were  frequently  made  with 
greatly  different  average  temperatures,  yet  when  we  compare  their  respective  sums  we 
find  II  292*833  I  metres  and  11  292*815  7,  showing  the  small  difference  of  17*4  milli- 
metres. 

The  matter  as  to  whether  the  thermometers  indicate  the  true  temperature  of  the 
rods  has  been  inquired  into,  and  it  seemed  as  if  the  rods  were  lagging  somewhat  behind 
the  thermometer  indications,  but  there  are  so  many  exceptions  to  this  that  no  satisfac- 
tory result  (numerical  value)  could  be  deduced. 

For  the  reduction  of  the  length  of  the  El  Paso  Base  line  to  the  sea  level "  we  have 
the  following  data  and  results: 

The  provisional  value  for  height  of  the  St.  Louis,  Missouri,  bench  mark  is  at  present 
taken  as  125*8  zb  0*25  metres  or  412*7  di  o*8  feet.  This  mark,  known  as  the  City  Direc- 
trix, is  identical  in  level  with  the  bench  mark  K^  on  the  St.  Louis  great  bridge.  They 
are  referred  to  the  mean  level  of  the  Gulf  of  Mexico  (and  probably  also  to  the  Atlantic 
Ocean  at  Sandy  Hook,  New  Jersey,  within  the  assigned  probable  error). 

The  difference  of  height  between  the  St.  Louis  bench  mark  K^  and  top  of  base 
monument  marking  the  west  end  of  the  El  Paso  Base,  as  derived  from  spirit  leveling  in 
1882-88  and  1891-95-96-97-98,  a  distance  of  i  437  kilometres  nearly,  is  A  A  =  2  040*91 
±  0*044  metres  or  6695*89^=0*15  feet.  Hence  the  height  of  West  Base  Monument 
(top*)  above  sea  level  is  2  166*7  d=  0*25  metres  or  7  108 '6  dz  o*8  feet.  In  August  and 
September,  1879,  J.  B.  Weir  ran  a  line  of  spirit  levels  over  the  base  and  found  the  East 


♦Top  above  ground  1*05  metres. 
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Base  Monument  (top*)  172 '14  metres  or  56476  feet  below  the  West  Base  Monument, 
whence  the  height  of  East  Base  Monument  (top)  is  i  994*56  metres  or  6  543*8  feet. 
From  10  equal  subdivisions  of  the  base  its  average  height  above  the  East  Base  Monu- 
ment (top)  was  found  to  be  66*86  metres  or  2i9'4  feet;  hence  the  average  height  of 
base  hne  is  2  061*4  metres  or  6  763*1  feet.  To  the  above  height  we  must  add  the 
elevation  of  the  base  bars  above  ground  or  1*25  metres  (4*10  feet);  hence  the  final 
result  for  height  of  base  above  sea  level  is  A  =  2  062*65  metres  or  6  767*2  feet  with 
an  estimated  probable  error  of  it  0*5  metre  or  :ii  i  '6  feet.  In  latitude  39°  and  azimuth 
103°,  log.  [radius  of  curvature]  or  log  p  =  6*805  ^9  and  the  reduction  to  sea  level  f 

— n   '    n?     becomes  —  3*646  7  metres  d=  0*000  9  metre 

hence  with  the  measured  length  of  the  base  /=  11  292*823  i  metres  the  final  or  reduced 
baseZ  =  ii  289*176  4  metres  and  its  logarithm  4*052  662  26. 
The  probable  error  of  measure  of  the  base  is: 

mm. 
For  the  part  between  East  Base  and  D,  where  the  number  of  measures  is  three  ±  i  '57 
For  the  part  lying  between  D  and  Upsilon  from  double  measures  ±  4  *57 

And  for  the  remaining  part  to  West  Base  db  i  '24 

Total  for  length  of  base  :i=  4  '99 

The  probable  error  due  to  uncertainty  in  the  length  of  the  rods  is  1882  X  6/i 
=  ±  1 1  •29  millimetres. 

The  probable  error  produced  by  an  uncertainty  of  one-half,  metre  in  the  value  of 
the  elevation  of  the  base  above  the  ocean  db  0*90  millimetres. 

Combining  these  probable  errors  we  get  for  the  base  V  (4*99)'+  (11*29)'+  (0*90)' 
=  ±  12*38  millimeters,  which  is  about  vT^inrTr  P^rt  of  the  length  and  corresponds  to 
the  logarithmic  difference  f  M  /  =  rb  4*8  in  units  of  the  seventh  place  of  decimals. 

This  may  be  taken  to  represent  the  error  of  measure  and  of  reduction  to  sea  level, 
combining  it  with  the  probable  error  due  to  our  practical  unit  of  length,  the  Committee 
Metre,  taken  as  zb  f/^,  we  get  V  ( 12*4)'  +  (8*5)'  =  di  15*0  millimetres,  or  about  ^yj*  j^-^jf 
part  of  the  length. 

m. 
Resulting  length  of  the  El  Paso  Base        11  289  '176  4 

±15  o 
and  its  logarithm  4  '052  662  26 

±  58 

•Top  above  ground  i"o6  metres. 

tTo  this  reduction  as  well  as  to  its  probable  error  attaches  the  uncertainty  due  to  any  error  in  the  radius  of  curvature 
of  the  reference  spheroid.  Strictly  speaking,  to  the  height  should  be  added  the  elevation  of  the  equipotential  surface 
(to  which  spirit  levels  necessarily  conform)  under  61  Paso  as  produced  inland  from  the  sea  level. 
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UNITED  STATES  COAST  AND  GEODETIC  SURVEY. 


ABSTRACTS    OF    RESULTING    HORIZONTAL    DIRECTIONS,    OBSERVED    AND    ADJUSTED,    FORMING    THE 

EL  PASO  BASE  NET,    1879-80,  1895. 

El  Paso  East  Base,  El  Paso  County,  Colorado.    September  29  to  October  13,  1879.    30-centimetre 

theodolite,  No.  108.     O.  H.  Tittmann,  observer. 

Correc- 


No.  of 
direc- 
tion. 

Objects  observed. 

Resulting 
directions  from 
station  adjust- 
ment. 

Approxi- 
mate 

probable 
error. 

0 

/ 

// 

Azimuth  mark 

0 

00 

00 'OO 

I 

Holcolm  Hills 

67 

48 

34-45 

2 

Big  Springs 

•     MI 

17 

47-36 

3 

Corral  Bluffs 

229 

57 

10-48 

4 

El  Paso  West  Base 

282 

48 

01-59 

5 

Divide 

340 

58 

34-49 

Honfo«*a     Rcsulting     ^^JP^'i??*    seconds  iu 
tiontosea      „^cond«r       ^SffuSf-        triangula- 


Reduc- 
on  to ! 
level. 


ment. 

klVU. 

ff 

ff 

ff 

ff 

-fo'io 

34-55 

—0  652 

33-898 

— 0*I2 

47  24 

4-0-864 

48-104 

-f-013 

10 '61 

-0-216 

10-394 

— 006 

01  '53 

—0-051 

01  479 

—0*09 

34-40 

-f  0  -055 

34  '455 

Probable  error  of  a  single  observation  of  a  direction  {D.  and  -^. )  =  ±:  i''^-i7. 

El  Paso  West  Base,  El  Paso  County,  Colorado.     October  17  to  November  i,  1879.     30-centimetre 

theodolite.  No.  108.     O.  H.  Tittmann,  observer. 


0 

/ 

ff 

6 

Divide 

0 

00 

00 -OO 

7 

Holcolm  Hills 

50 

45 

56-46 

8 

El  Paso  East  Base 

69 

55 

02-84 

9 

Corral  Bluffs 

148 

54 

53*34 

Bear  Creek 

202 

33 

37*97 

Glen  Eyrie 

219 

44 

24-05 

ff 

ff 
00-14 

ff 
-0  -463 

ff 

-f-o-i4 

59  677 

4-0-03 

5649 

+0-716 

.57-206 

— o-o6 

02  -78 

—0-466 

02-314 

4-0 -oi 

53*35 

+0*214 

53  -564 

Prol>able  error  of  a  single  observation  of  a  direction  ( D.  and  ^.  )  =  =b  1^^*12. 

Corral  Bluffs,  El  Paso  County,  Colorado.    November  2  to  November  6,  1879.    30-centimetre  theodolite, 

No.  108.     O.  H.  Tittmann.  observer. 


0 

f 

ff 

// 

ff 

ff 

ff 

10 

El  Paso  West  Base 

0 

00 

00-00 

4-0-01 

00  01 

4-0-042 

00-052 

II 

Divide 

15 

36 

52-44 

4-0  09 

52-53 

—0-162 

52  368 

12 

El  Paso  Ra.st  Base 

48 

09 

17-97 

40  13 

18-10 

—0  -042 

18  -058 

13 

Holcolm  Hills 

56 

40 

II  -06 

+0-13 

II  -19 

4-0-097 

II  -287 

14 

Big  Springs 
Bear  Creek 
Glen  Eyrie 

112 

255 
275 

06 

15 
18 

29 -68 

13-89 
41-66 

—0-09 

29-59 

4-0  065 

29  '655 

Probable  error  of  a  single  observation  of  a  direction  {D.  and  ^ff. )  =  rh  i''^-i2 
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ABSTRACTS    OF    RESUI,TING    HORIZONTAI^    DIRECTIONS,    OBSERVED    AND    ADJUSTED,    FORMING    THE 

EI*  PASO  BASE  NET,  1879-80,  1895— continued. 

Holcohn  HillSy  El  Paso  County,  Colorado.     July  20  to  August  16,  1880.     30-centimetre  theodolite, 

No.  108.     O.  H.  Tittmann,  observer. 


No.  of 
direc- 
tion. 

Objects  observed. 

Resultinjc 
directions  from 
station  adjust- 
ment. 

Approxi- 
mate 

pfobable 
error. 

Reduc- 
tion to  sea 
level. 

Resulting 
seconds. 

Correc- 

iious  from 

base  net 

adjusts 

meut. 

Final 
seconds  in 
triangula- 

tion. 

0 

/ 

// 

// 

// 

// 

// 

Holt 

0 

00 

00 'OO 

+0-03 

00  03 

Square  Bluffs 

29 

14 

12*37 

— 008 

12  -29 

« 

20 

Big  Springs 

86 

36 

27-88 

— 005 

27-83 

-0  -370 

27-460 

21 

Corral  Bluffs 

156 

28 

0474 

-fo-l2 

04-86 

-ho -457 

05  -317 

22 

El  Paso  East  Base 

165 

48 

35-85 

-ho  09 

35*94 

—0-190 

35  -750 

23 

El  Paso  West  Base 

181 

38 

58-15 

-t-o-03 

58-18 

•    +0265 

58  -445 

24 

Divide 

212 

10 

36-84 

— o*ii 

36-73 

—0*162 

36*568 

Probable  error  of  a  single  observation  of  a  direction  (3  D.  and  3  ^. )  =  rb  o''*8i. 

Divide,  El  Paso  County,  Colorado.  November  12  to  November  19,  1879.  30-centimetre  theodolite, 
No.  108.  O.  H.  Tittmann,  observer.  August  i  to  August  11,  1895.  30-centimetre  theodolite, 
No.  118.     F.  D.  Granger  and  J.  B.  Boutelle,  observers. 


Holcolm  Hills 

0 
0 

00 

// 
00*000 

// 

// 

— O'll 

// 

-f  0   191 

// 

i5 

59-89 

00 -081 

16 

Big  Springs 

33 

19 

29*190 

±0-134* 

-0*114 

29  -076 

—0  -926 

28-150 

17 

El  Paso  East  Base 

46 

47 

59-87 

— o*o8 

59-79 

+0  -492 

60-282 

18 

Corral  BluflFs 

83 

14 

II  '24 

-ho -08 

II  32 

-0*314 

II  -006 

19 

El  Paso  West  Base 

98 

42 

24  31 

+0*13 

24*44 

+0  -557 

24*997 

Pikes  Peak 

126 

59 

19*980 

O'lII* 

-fo  *240 

20*220 

Bison  Peak 

168 

29 

32*642 

0*088* 

—0-104 

32  -538 

Probable  error  of  a  single  observation  of  a  direction  ( D.  and  -^. )  =  rfc  1^^-19  in  1879  ^^^  ^  o''-68  in  1895. 

Big  springs.  El  Paso  County,  Colorado.  August  21  to  September  3,  1880.  30-centimetre  theodolite, 
No.  108.  O.  H.  Tittmann  and  G.  F.  Bird,  observers.  June  23  to  July  6,  1895,  30-centimetre, 
theodolite,  No.  118.     F.  D.  Granger  and  J.  B.  Boutelle,  observers. 


// 


// 


// 


// 


// 


// 


25 

Corral  Bluffs 

0 

00 

00-000 

—0*10 

59  90 

-I-0-002 

59  902 

26 

El  Paso  East  Base 

27 

23 

27-51 

—0*13 

27-38 

-0268 

27-112 

27 

Divide 

33 

35 

42-180 

±o-ii5t 

0-137 

42  043 

-0  370 

41  -673 

28 

Holcolm  Hills 

54 

42 

04-99 

—0-05 

04-94 

-f  0  -636 

05  -576 

Square  Bluffs 

138 

58 

1983 

4-0*06 

19-89 

Cramers  Gulch 

188 

03 

38-61 

— O'lO 

38-51 

Dry  Camp 

235 

37 

57-119 

0  *228t 

—0  -040 

57-079 

Plateau 

279 

28 

24  -329 

o*ioot 

-f-0-108 

24  -437 

Pikes  Peak 

344 

22 

41  -563 

o-i2it 

—0-083 

41  '480 

robal 

>le  error  of  a  single  observation  of  a 

direction  ( D.  and  R,)      ^i'^ 

*42  in  1880  and  d=  0^^*77  in  1895. 

♦Directions  marked  with  a  *  depend  on  the  probable  error  +  o"*i34  of  Big  Springs  during  the  second  occupation, 
t  Directions  marked  with  a  f  depend  on  the  probable  error  ±.Qf''\\^oi  Divide  during  the  second  occupation. 


no 


UNITED  STATES  COAST  AND  GEODETIC  SURVEY. 


I 

2 

3 
4 
5 
6 

7 
8 

9 
lo 

II 

12 

13 
14 


FIGURB  ADJUSTMENT. 

Observation  equations,* 

o=-o-i68-h(i9)-(i7)-f  (5)-  (4)-h  (8)-  (6) 
o=-o76o-h(i2)-(io)-h  (9)-  (8)4-  (4)-  (3) 
o=+o-4i5+(i2)-(ii)-h(i8)-(i7)-h  (5)-  (3) 
o=+r327+(23)-(22)+  (I)-  (4)+  (8)-  (7) 
o=-fo-377-f(24)-(22)-h  (i)-  (5)+(i7)-(i5) 

-fo-o73-f(22)-(2i)  +  (i3)-(i2)4-  (3)-  (I) 

-fr243+)26)-(25)-h(i4)-(i2)-|-  (3)-  (2) 

-2-i25+(27)-(26)4-  (2)-  (5)-f(i7)-(i6) 

-2-599+(28)-(26)+    (2)-    (l)-f(22)-(20) 

-f  3*24-077(6)4-i*i8(8)-o'4i(9)-i'89(io)+3'3o(ii)-i'4i(i2)-i-2o(  17)4-2-85(18) 

-1-65(19) 

-f2i-22— 6-o6(7)+6-47(8)—o-4i(9)—i-89(io)-f  15-94(12)— 14-06(13)— 12-80(21  )+20-22(  22) 

-7*42(23) 

-io-97-o-77(6)-l-6-o6(7)-5-29(8)-i-98(i5)+3-63(i7)-i-65(i9)-5'4i(22)-f  7-42(23) 

—2-01(24) 

-i5*94-3'3o(ii)-f-4'33(i2)-i-03(i4)-8-79(i6)+ii-64(i7)-2-85(i8)-4-o6(25)-f  23-43(26) 

-19 '37(27) 
0=-hr59-3"30(")+4'33(i2)-i-03(i4)-i-98(i5)+4*83(i7)-2-85(i8)-o-40(  20)4-2-41(22) 

-2-oi(24)-4-o6(  25)4-8-14(26)— 4*08(28) 

Correlate  equations. 


o- 
0= 

O: 
O: 


Correc- 
tions. 

C, 

c. 

c. 

C4 

C5 

C6 

C,      Cs 

c. 

C,o 

c„ 

c„ 

c, 

Cu 

(0 

4-1 

4-1 

—  I 

—I 

(«) 

-I    4-1 

-fl 

• 

(3) 

—  I 

—I 

4-1 

4-1 

(4) 

—I 

+1 

—  I 

(5) 

+1 

•    •    • 

+1 

•  •  • 

—I 

•  •  ■ 

...     —I 

•    •   • 

(6) 

—I 

-077 

-077 

(7) 

—I 

-  6  06 

4-6-06 

(8) 

+1 

—I 

-fi 

4-1 -18 

4-  6-47 

-5-29 

(9) 

4-1 

—0-41 

—  0*41 

• 

(10) 

•     ■     • 

—  I 

•    •    * 

•  •  « 

•  •  • 

•  •  • 

•  •  ■         •  •  • 

•   •   • 

-1-89 

-  1-89 

(") 

—I 

4-3-30 

-  3*30 

-3-30 

(12) 

4-1 

+1 

• 

—I 

—I 

-1-41 

4- 15  '95 

4-  4-33 

4-4-33 

(13) 

4-1 

-14-06 

(14) 

+1    * 

—  1*03 

-1-03 

(IS) 

■     ■     ■ 

■  •  • 

•    •    ■ 

•  •  • 

—I 

•  •  • 

•  «  •         •  •  • 

•    *    • 

—  I  -98 

—  1-98 

(16) 

—I 

-  8-79 

(17) 

—  I 

—I 

+1 

4-1 

—  I  -20 

4-3-63 

-f  11-64 

-^4-33 

(18) 

4-1 

4-2-85 

-  2-85 

-2-85 

(19) 

+  1 

-1-65 

~i-65 

(20) 

■     •     • 

•  •  • 

■  •  • 

•  •  • 

•  •  • 

•  •  • 

■  •  •         ■  •  • 

—I 

—0  -40 

•  Number  of  conditions  in  the  net  14,  of  which  9  relat?  to  the  sums  of  angles  and  5  to  the  ratio  of  sides. 

The  side  equations  are  established  with  8  places  of  logarithms  and  differences  of  i"  are  cut  ofT  at  the  sixth  place. 
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FIGURE  ADJUSTMENT— continued. 
Correlate  equations— QovaigXeX.<td. 


Correc- 
tions. 

C, 

c. 

c, 

C4 

Cs 

C6 

c, 

Ce 

c. 

Co 

c„ 

c„ 

c., 

C.4 

(") 

—  I 

—  12 -So 

(22) 

—  I 

—I 

+  1 

+1 

-}-20*22 

-5  "41 

+2 

•41 

(23) 

-fl 

—   7  42 

+7 '42 

(24) 

+1 

—2  'OI 

—2 

•01 

(«) 

•      •      • 

•   •   • 

• 

•     •     • 

•     •     • 

•  •  • 

•     •     • 

—  I 

•  •   • 

■    •    • 

—  4X)6 

-4 

•06 

(26) 

+  1 

—I 

—I 

+23  -43 

+8 

•14 

(»7) 

+1 

-19-37 

(28) 

+r 

-4 

•08 

o=—  o-i68 

—  0760 
4-  0-415 

+  1*327 
+  0-377 
+  0-073 

+  I  '243 

—  2-125 

—  2-599 
-h  3*24 

-f  21  '22 
-10-97 

-15*94 
+  I  "59 


Normal  equations, 

Ci      Ca      Cj      C4      C5      Cd      C7      Cb      C9  Cio 


-fi 


■19 


'«3 


C,=-f  0-493    2 

C,=-j-o-i68  o 
C3=-oo93  3 
C4=-o-274  7 
C5= -0-176  5 
C6=— 0-193  I 
C7=— 0-051  4 


-11-64     —  4 '83 

-I-  4  '33     +4  '33 

—  6-86     —  0-05 

—  2-41 
-hii'64    -h  2-39 

-  4  '33     —1-92 

-}-22-I3      +6-84 
--22-37      —   3-31 

-23  '43     —  9  "41 
—39  -08    —30  90 

4-69-06  -f-11779 
+42-25  -f  12  45 
-f-i  192-22  4-302  -24 

+  175  "47 
Resulting  values  0/ correlates  and  0/  corrections  to  angular  directions. 

// 

(i)=— 0-651  9 


4-6  —2  4-2  4-2  —2  4-2         4-  I  -50 

4-6  4-2  —2  —2  —2  —  I  -II 

4-6         —2  —2  —2  —2         —  0-66 

4-6  4-2  —2  —24-1  '18 

.     4-6  —2  4-2  —2  —  I  -20 

4-6  4-2         -2  4-  1-41 

4-6  —2  —2  4-  I  -41 

4-6  4-2  —  I  -20 

4-6 

+3089 


+  6-47 
-i-io-96 

+ 15  '95 
—  15 '11 
—20-22 

4-  3*oi 
-15 '95 

4- 20 '22 

—  II  -12 
4-1    162  -16 


-9-80 

4-  5*29 

-  3  63 
4-  1-48 
-^  9-01 

-  5  41 


^  3-63 

-  5  *4i 

-  7-27 
-235  '40 
-+•.173  "48 


// 


C8=-ho-52i  4 
C  9= -TO -393  8 

C,o=— 0*090  67 
C,i=~0-020  63 

C„=^o-o52  14 
C,3=-r0  046  04 

C,4=-0   059   32 


and 


2  of  -f  corr's.  =4  -643  4 
2  of  —  corr's.  =4  -653  2 

and  [pvv]  =  4  '893  7 

-[ze/C]  =4-893  6 

Mean  error  of  an  observed  direction 


(2 
(3 
(4 
(5 
(6 

(7 
(8 

(9 
(10 

(II 
(12 
(13 
(14 


=-rO-863  S 
— — o'2i6  4 
=—0-050  5 
=4-0  055  o 
=  -0463  4 
=+0-715  7 
=  -0465  8 
=-i-o-2i3  6 
=+0*042 '4 
=  -0*162  I 
=—0-042  3 
= -4-0-097  o 
=— 0065  I 


(i5)=-f-o*i90  7 
( 16  |=— 0-926  I 


117 
(18 

(19 
(20 

(21 

(22 

(23 

(24 

{25 
(26 

(27 

(28 


=+0492  5 

=  -0-313  9 
=  +0-556  8 
=  —0-370  I 
=+0-457  2 
=-0-190  3 
=+0-265  3 
=—0-162  I 

=  +0-002   5 

=  —0-267  9 

=  -0-370  4 

)=+o-635  8 


f«,= 


=  l[pvv\  =  It  o''*59  where  ;/=  number  of  conditional 
▼      n 
equations;  mean  error  of  an  angle    tn  =  w,  \/2  =  db  o''*84,  also  probable  error  of  the  same  =  dto''-56. 
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UNITED  STATES  COAST  AND  GEODETIC  SURVEY. 


TRIANGLES  OF  THE  EL  PASO  BASE  NET,  COLORADO,  1879-1895. 


No.         Stations. 


Observed  angles. 


Correc    ^P^^^"     ^P^^ 

tion  *  *^ 

*     angles,    excess. 


0 

/ 

// 

// 

// 

// 

Divide 

51 

54 

24-65 

-fo*o64 

24  -714 

0*109 

I 

El  Paso  East  Base 

58 

10 

32*87 

-ho -106 

32  -976 

0-109 

El  Paso  West  Base 

69 

55 

02  '64 
oot6 

—0-002 

02  -638 

o-iio 
0-328 

Corral  Bluffs 

48 

09 

18  09 

—0-085 

18-005 

0-113 

2 

El  Paso  West  Base 

78 

59 

50-57 

-f  0-679 

51  -249 

0-114 

El  Paso  East  Base 

52 

50 

50  92 
5958 

+0-166 

51-086 

0-113 

0-340 

Corrall  Bluffs 

15 

36 

52  52 

—0-205 

52  -315 

0-064 

3 

El  Paso  West  Base 

148 

54 

53  "21 

-fo  -677 

53  -887 

0065 

Divide 

15 

28 

13-12 

• 

-ho  -871 

13-991 

0-064 

58-85 

0-193 

Corral  Bluffs 

32 

32 

25*57 

-ho -120 

25-690 

0-158 

4 

Divide 

36 

26 

II '53 

—0-806 

10  -724 

0-158 

El  Paso  East  Base 

III 

01 

2379 
00*89 

-ho  -271 

24-061 

0-159 

0-475 

Holcolm  Hills 

9 

20 

31-08 

-0  -647 

30  -433 

0052 

5 

Corral  Bluffs 

8 

30 

53  09 

+0  -139 

53  229 

0-052 

El  Paso  East  Base 

162 

08 

36-06 
00  23 

+0  -435 

36  -495 

0053 

0-157 

Holcolm  Hills 

25 

10 

53-32 

-0-193 

53-127 

0-240 

6 

Corral  Bluffs 

56 

40 

II  -18 

-ho  055 

1 1  235 

0-240 

El  Paso  West  Base 

98 

08 

56 -86 
01-36 

-0  -502 

56  -358 

0*240 

0-720 

Holcolm  Hills 

55 

42 

31-87 

—0  -619 

31  -251 

0-365 

7 

Corral  Bluffs 

41 

03 

18 -66 

4-0  259 

18-9x9 

0-365 

Divide 

83 

14 

11-43 

—0  505 

10  925 

0365 
I  095 

01  -96 

r  Holcolm  Hills 

4 

15 

50 

22  -24 

-ho  456 

22  -696 

0-074 

8 

El  Paso  East  Base 

145 

00 

33-02 

—ofei 

32  -419 

0*075 

El  Paso  West  Base 

19 

09 

0629 

I  182 

05-108 

0*074 

01  55 

0*223 

Holcolm  Hills 

46 

22 

00-79 

-ho  -028 

00 -818 

0-I54 

9 

El  Paso  East  Base 

86 

49 

60  15 

—0  -707 

59-443 

0155 

Divide 

46 

47 

59-90 

-ho  -302 

60-202 

0154 

00-84 

0*463 

hog,  s, 

4-052  662  26 
4  085  933  07 
4-129  440  II 

4*052  662  26 
4  172  476  96 
4-082  009  II 


Distance  in 
metres. 


11  289*176 

12  188 '02 

13  472  -25 

11  289-176 

14  875  -68 

12  078-39 


4*085  933  07  12  188-02 

4  -368  826  86  23  379  -05 

4-082  009  II  12  078-39 

4-129  440  II  13  472-25 

4  -172  476  97  14  875  -68 

4  -368  826  86  23  379  -05 

4-172  476  97  14  875-68 

4  -132  546  81  13  568  -97 

4-448  717  64  28  100-73 

4-082  009  II  12  078*39 

4*375  080  34  23  718-12 

4-448  717  64  28  100-73 

4  -368  826  86  23  379  -05 

'4  -269  174  15  18  585  -50 

4-448  717  63  28  100-73 

• 

4*052  662  26  II  289*18 

4  -375  080  34  23  718  -12 

4-132  546  81  13  568*97 

4-129  440  II  13  472*25 

4-269  174  15  18  585*50 

4-132  546  81  13  568-97 
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TRIANGLES  OF  THE   EL  PASO  BASE  NET,  COLORADO,   1879-1895— Continued. 


No. 


10 


II 


12 


13 


14 


15  { 


16 


stations. 

Observed  angles. 

Correc- 
tion. 

Spher- 
ical 
angles. 

Spher- 
ical 
excess. 

Log.  s. 

Distance  i 
metres. 

0 

/ 

// 

0 

/ 

// 

Holcolm  Hills 

30 

31 

38-55 

-0  -427 

38-123 

0*189 

4  -085  933  07 

12  188*02 

El  Paso  West  Base 

50 

45 

56-35 

-fi-179 

57  -529 

0*189 

4*269  174  16 

18  585  -50 

Divide 

98 

42 

24-55 
59*45 

+0-366 

24-916 

0*190 
0*568 

4  -375  080  35 

23  718*12 

Big  Springs 

27 

23 

27-48 

—0  270 

27  -210 

0*366 

4-172  476  97 

14  875  -68 

Corral  BluflFs 

63 

57 

11-49 

+0107 

1 1  -597 

0*366 

4*463  151  95 

29  -050  -39 

El  Paso  East  Base 

88 

39 

23  "37 

—  I  -080 

22*290 

0-365 
1-097 

4  -509  545  78 

32  325  '54 

02  34 

Big  Springs 

33 

35 

42*14 

—0-373 

41  -767 

0635 

4  -368  826  86 

23  379  05 

Corral  Bluffs 

96 

29 

37-06 

-f  0  227 

37  -287 

0636 

4  -623  059  02 

41  981  *6o 

Divide 

49 

54 

42-24 
01  44 

-I-0-612 

42  -852 

0635 
I  -906 

4  -509  545  79 

32  325  54 

Big  Springs 

54 

42 

05-04 

+0  -633 

05  -673 

0-633 

4*448  717  64 

28  100*73 

Corral  BluflFs 

55 

26 

18-40 

—0  -032 

18*368 

0-633 

4  -452  618  46 

28  354  27 

Holcolm  Hills 

69 

51 

37-03 

-f  0  -828 

37  -858 

0-633 
1*899 

4  -509  545  80 

32  325  '54 

00-47 

Big  Springs 

6 

12 

14-66 

—0  -103 

14  -557 

0*112 

4-129  440  II 

13  472  -25 

El  Paso  East  Base 

160 

19 

12-84 

-0-809 

13*649 

OIII 

4  -623  059  03 

41  981  *6o 

Divide 

13 

28 

30  7 1 

-hi -419 

32  129 

0-112 
0-335 

4-463  151  98 

29  050  39 

58-21 

Big  Springs 

27 

18 

37.56 

-fo-904 

38  -464 

0320 

4-132  546  81 

13  568  -97 

El  Paso  East  Base 

73 

29 

12*69 

-fi  -515 

14  205 

0320 

4  -452  618  46 

28  354  27 

Holcolm  Hills 

79 

12 

08  11 

— o'lSo 

08  290 

0-319 
0959 

4-463  151  98 

29  050  -39 

58  36 

Big  Springs 

21 

06 

22  -90 

-hi -006 

23*906 

0-363 

4-269  174  15 

18  585  -50 

Divide 

33- 

19 

29  19 

—I  -116 

28  -074 

0363 

4  -452  618  47 

28  354  -27 

Holcolm  Hills 

125 

34 

08  90 
00  99 

-^0-208 

09*108 

0*362 
1*088 

4  623  059  04 

41  981  -61 

18732 — No.  4— 

8 

114         UNITED  STATES  COAST  AND  GEODETIC  SURVEY. 

PROBABLE  ERRORS. 

Delerminaiion  of  the  probable  error  of  the  length  of  the  side  Big  Springs  to  divide,  connecting  the 

central  -with  the  western  section  of  the  main  triangulation. 

This  side  is  related  to  the  bas^  by  the  expression — 

Big  Springs  to  Divide sin  (9  —  8)  sin  ( 5  —  3 )  sin  (14—  11) 

El  Paso  Base         ""  sin  (12—  10)  sin  (18—17)  sin  ( 27  —  25 ) 

Take  F  =  log  sin  (9  —  8)  +  log  sin  (5  —  3)  +  log  sin  ( 14  —  1 1 )  —  log  sin  ( 12  —  10) 
—  log  sin  (18  —  17)  —  log  sin  (27  —  25). 

Establishing  and  solving  the  transfer  equations,  we  find  the  reciprocal  of   the 

weight    or  ^  =  7*545;    also  the    mean   error  trip  and    the    probable   error   rp   both 

expressed  in  units  of  the  sixth  place  of  decimals  in  their  logarithms,  viz,  ±  i  '62  and 
zt  lie  respectively.     Hence  log.  distance  Big  Springs  to  Divide  4*623  059  03,  and  the 

it  I    ID 

length  of  the  side  in  metres  41  981*60.     The  probable  error  equals  about  i^irVirir  P^rt 

±i  106 

of  the  length. 

To  this  must  be   added   the  uncertainty  arising   from   the  base   measure,  viz, 

- — 2-—  X  0*015.     Hence  we  have — 
II  289 

Probable  error  of  length  of  side  Big  Springs  to  Divide  V('io6)'+ ('056)' 
=  io'i20  metre. 

The  probable  error  of  the  side  Holcolm  Hills  to  Big  Springs  may  without  sensible 

error  be  taken  as  ±  ^^i^irTy  o^  the  length  and  dr  — ^|^  X  0*015.     Hence — 

1 1  289 

Probable  error  of  length  of  side  Holcolm  Hills  to  Big  Springs  V  ('070)*  +  (*o38)' 
=  db  0*080  metre. 

GENERAL  DESCRIPTION  OF  STATIONS   FORMING  THE  EL  PASO  BASE  NET,   COLORADO. 

El  Paso  East  Base,  El  Paso  County;  established  in  1878  by  O.  H.  Tittmann.  This 
station  is  situated  on  Munson  &  Hamlin's  ranch,  commonly  known  as  the  Townsend 
ranch,  which  is  included  in  the  southwest  quarter  of  section  33  and  the  southeast  quar- 
ter of  section  32,  township  12  south,  range  63  west  of  the  principal  meridian.  The 
west  gable  of  Munson  &  Hamlin's  bam  bears  north  14°  35' "3  east,  and  is  3766  metres 
distant  from  the  geodetic  point.  The  underground  mark  is  a  line  on  a  copper  tack  in 
a  lead  plug  in  drill  hole  in  the  top  of  a  granite  post,  i  foot  square  and  about  2>^  feet 
long,  set  in  cement,  the  top  of  the  post  being  3}^  feet  below  the  surface  and  having  the 
letters  U.S.E.B.  cut  on  it.  Over  this  about  6  inches  of  earth  was  packed,  then  a  6-inch 
bed  of  concrete,  on  which  a  similar  granite  post,  marked  in  the  same  wa3^  was  set  as  a 
surface  mark.  Around  this  a  brick  pier,  rising  about  2>^  feet  above  the  surface  was 
built  and  capped  with  a  so-called  lava  stone  about  26  inches  square  and  6  inches  thick, 
having  upon  it  the  letters  U.S.E.B.  Arches  at  right  angles  to  each  other  run  through 
the  pier  a  few  inches  above  the  ground,  in  order  that  the  mark  on  the  surface  stone  can 
be  seen. 
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El  Paso  West  Base,  El  Paso  County;  established  in  1878  by  O.  H.  Tittmann.  This 
station  is  about  15  miles  northeast  of  Colorado  Springs  and  about  i  mile  north  of  the 
sheep  corral  and  main  spring  of  water  of  the  Pugsley  ranch,  so  called.  The  monument 
stands  on  a  knoll  somewhat  higher  than  a  similar  one  to  the  southward  and  lower  than 
a  knoll  to  the  northward  of  it.  The  geodetic  poist  is  marked  in  a  manner  exactly 
similar  to  that  of  East  Base,  except  that  the  letters  W.B.  are  substituted  for  the 
letters  E.B. 

Divide,  El  Paso  County;  established  in  1879  by  O.  H.  Tittmann.  This  station  is 
situated  on  the  western  end  of  the  middle  and  largest  of  three  small  hills  or  buttes  rising 
more  than  150  feet  from  the  plateau,  near  the  head  of  Bracket  Creek,  about  5  miles 
southwest  of  Bijou  Basin  post-office,  about  3  miles  east  of  the  town  of  Eastonville  on 
the  U.P.D.&  G.R.R.,  and  about  one-fourth  mile  south  of  the  bluffs  forming  the  southern 
edge  of  a  large  plateau  or  mesa.  The  underground  mark  is  a  flat  stone  about  18  inches 
square,  10  inches  thick,  irregular  in  shape,  and  sunk  about  18  inches  below  the  surface. 
A  cross  cut  on  lead  run  into  a  hole  i  J4  inches  in  diameter  marks  the  geodetic  point. 
Pour  reference  stones  were  set  in  the  ground  north,  east,  south,  and  west  approximately. 
Lines  drawn  from  the  leaden  bolts  in  these  stones  intersect  at  the  geodetic  point.  The 
marks  in  the  lead  in  the  north  and  east  stones  are  each  distant  5  feet  11^  inches,  and 
those  in  the  south  and  west  stones  6  feet  one-eighth  inch  from  the  center.  The  surface 
mark  now  ( 1895)  consists  of  the  capstone  of  the  former  stone  pier,  20  inches  square  and 
6  inches  thick,  having  a  hole  i  inch  in  diameter  and  3  inches  deep  in  its  center,  buried 
flush  with  the  surface. 

Corral  Bluffs,  El  Paso  County;  established  in  1879  by  O.  H.  Tittmann.  This 
station  is  situated  on  the  edge  of  the  bluffs  forming  the  northern  boundary  of  what  is 
known  as  the  '*Big  Corral,*'  a  natural  formation  used  to  pen  up  cattle  during  the 
*' round-ups.'*  It  is  on  the  highest  land  in  that  immediate  vicinity,  and  commands  a 
view  of  the  plains  as  far  south  as  the  Arkansas  River.  Some  of  the  houses  in  Manitou 
are  visible  from  here  as  well  as  the  rocks  forming  the  entrance  to  the  "Garden  of  the 
Gods." 

A  solid  brick  pier,  capped  with  a  hewn  stone,  was  built  over  the  underground 
mark  at  this  station.  The  top  of'  the  capstone  is  i'276  metres  above  the  surface  of  the 
ground. 

Holcolm  Hills,  El  Paso  County;  established  in  1879  by  O.  H.  Tittmann.  This  station 
is  on  the  highest  land  bordering  the  valley  of  Bracket  Creek  on  the  east.  The  knoll  on 
which  it  is  located  overlooks  the  plains  toward  the  west  and  the  head  of  the  valley  of 
the  Big  Sandy  toward  the  northeast.  To  the  eastward  the  land  drains  into  Horse 
Creek.     The  station  is  about  i  mile  northeast  of  the  Paint  Rocks. 

The  underground  mark  is  a  cross  cut  on  lead  run  into  a  hole  drilled  in  the  upper 
surface  of  an  irregular  stone,  about  12  by  18  by  18  inches,  set  3  feet  below  the  surface. 
The  letters  U.S.  aT.S.  are  roughly  cut  on  the  stone. 

The  surface  mark  is  a  hole  filled  with  lead  on  the  upper  surface  of  a  large  irregular 
stone  about  3>^  by  3  by  i  J^  feet  in  size,  also  having  the  letters  U.S.T.S.  cut  on  it. 
Four  smaller  stones  with  crosses  cut  on  them  were  set  approximately  north,  south,  east, 
and  west  and  4  feet  distant  from  the  center  of  the  station. 

A  cairn  was  built  over  the  station. 

Big  Springs,  El  Paso  County;  established  in  1879  by  O.  H.  Tittmann.     This  station 
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is  situated  about  30  miles  east  of  Colorado  Springs  and  about  6  miles  south  of  Mr. 
Pebble's  home  ranch,  known  as  Big  Springs.  It  is  on  the  highest  point  within  a  radius 
of  about  6  miles.  A  road  connecting  various  outlying  ranches  with  the  home  ranch 
runs  close  to  the  station. 

The  underground  mark  is  an  irregular  white  conglomerate  stone,  having  a  triangle 
and  the  letters  U.S.  aT.S.  roughly  cut  on  it,  set  about  one-half  metre  below  the  surface. 
The  surface  mark  is  a  small  leaden  bolt  in  an  irregular  red  sandstone.  Four  reference 
marks  of  similar  sandstone,  each  having  a  small  hole  filled  with  lead  in  its  upper  surface, 
were  set  in  the  ground  at  a  distance  of  i  metre  from  the  center.  A  pile  of  loose 
stones  was  erected  over  the  station. 

{e)   Yolo  Base  Line,  California^  1881, 

LOCATION,   MEASUREMENT,   AND  I^ENGTH. 

Location  of  the  base  line, — The  line  is  in  Yolo  County,  in  the  Sacramento  Valley, 
nearly  midway  between  the  Sacramento  River  and  the  Vaca  Mountains  and  a  short 
distance  to  the  westward  of  the  towns  of  Davisville  and  Woodland.  The  site  was 
selected  by  Assistant  G.  Davidson  in  April,  1876;  it  is  about  28  kilometres  (i7>^ 
statute  miles)  to  the  westward  of  Sacramento  City.  Approximately  the  latitude  of 
the  southern  terminus  is  38°  31'  34''  and  that  of  the  northern  terminus  is  38°  4o'*6 
the  azimuth  of  the  line  at  Southeast  Base  is  163°  07' "2,  making  the  inclination  of 
the  base  with  the  meridian  at  its  middle  point  about  16°  53' '8.  The  length  of  the 
line  is  approximately  17 '5  kilometres,  or  a  little  short  of  11  statute  miles.  The 
ground  at  Southeast  Base  is  21*6  metres  and  at  Northwest  Base  46*6  metres  above 
the  mean  tidal  level  of  the  Pacific;  these  two  encJs  of  the  base  were  finally  located 
and  marked  in  June,  1880.  The  southeast  station  is  about  25  metres  from  the  left 
bank  of  Putah  Creek.  Appendix  No.  8,  Report  of  the  United  States  Coast  and 
Geodetic  Survey  for  1882,  entitled  **  Report  of  the  mc^asurement  of  the  Yolo  Base, 
Yolo  County,  California,"  by  G.  Davidson,  Assistant,  contains  all  needful  informa- 
tion respecting  the  organization  of  the  party  and  its  method  of  working,  as  well  as 
the  description  of  monuments  and  markings  of  the  bas»e.  As  the  high  ridge  of 
Willow  Slough  lies  directly  across  the  line,  it  was  decided  to  build  a  brick  shaft  of 
about  10  metres  elevation  above  the  ground  at  Southeast  l^ase  and  one  of  5  metres 
elevation  at  Northwest  Base  for  occupation  with  the  theodolite  in  connection  with 
the  triangulation  and  the  astronomical  obser\'ations.  The  underground  marks  of  the 
base  underneath  the  monuments  are  copper  bolts  inserted  iii  stone  blocks.  A  line 
of  levels  was  run  twice  over  the  base  and  a  stub  placed  at  every  50  metres.  The 
soil  is  a  rich,  dark  loam,  sandy  near  Southeast  Base  and  composed  of  stiflF  clay  near 
Northwest  Base;  the  grade  is  very  easy,  almost  level,  exc«^pt  when  nearing  the 
upper  end,  where  for  about  100  metres  the  ascending  slope  ij-J  nearly  4°.  A  line  of 
spirit  levels  connects  the  base  with  the  half-tide  level  at  San  f  Francisco  Bay. 

The  measurement  of  the  base. — The  line  was  measured  Jkwice  and  in  opposite 
directions,  and  some  parts  of  it  thrice;  the  time  spent  in  th.'e  first  measure  was  20 
days,  in  the  second  18,  and  in  the  third  8  working  days.  (The  measurement  was 
in  charge  of  Assistant  G.  Davidson;  it  commenced  September  !i9  and  was  completed 
November  24,   1881.     The  apparatus  used  was  of  new  const jruction,  the  measuring 

\ 
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bars  being  composed  of  two  metals,  steel  and  zinc,  rigidly  joined  and  cut  to  lengths, 
so  as  to  nearly  compensate  for  changes  of  temperature.  The  bars  are  5  metres  in 
length  and  contact  is  made  by  means  of  contact-slide  pieces.  A  full  description  of 
it  is  given  in  Appendix  No.  7,  report  of  1882,  entitled  **  Construction  and  description 
of  a  new  compensation  primary  base  apparatus,  including  the  determination  of  the 
length  of  the  corresponding  5-metre  standard  bar,''  by  Charles  A.  Schott,  Assistant, 
pp.  107-138.     A  third  report,  Appendix  No.  11,  Coast  and  Geodetic  Survey  Report 
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for  1883,  pp.  273-288,  contains  the  results  of  the  base  measures.     These  publications 
render  any  lengthy  report  of  the  base  in  this  place  superfluous. 

The  length  of  the  coynpound  ^ -metre  base  bars  /  and  2, — For  the -purpose  of  deter- 
mining the  length  of  these  measuring  bars,  two  5 -metre  standard  bars  of  steel*  were  pro- 
cured and  standardized  by  means  of  the  combined  length  of  5  single  metre  steel  bars  known 
as  A,  B,  C,  D,  E.  The  first  operation,  therefore,  consisted  in  determining  the  length  of 
these  several  metres  in  terms  of  the  Committee  Metre.  To  effect  this,  the  following 
subsidiary  measures  and  results  had  to  be  obtained — 


♦For  particulars  see  Coast  and  Geodetic  Survey  Report  for  18S2,  pp.  117-136. 
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(a)  The  length  of  the  Saxton  stop-metre  comparator  from  4  measures  made  between 
April,  1872,  and  March,  1879,  by  various  observers, 

Sm  =  itn  at  20° '20  C 

(b)  The  length  of  the  brass  decimetre,  known  as  D^^^,  from  measures  made 
between  May,  1878,  and  October,  1880,  by  several  observers, 

A8,8  =  o'i^'+i'799     (/- I4°*67  C). 

(c)  The  length  of  the  brass  centimetre,  known  as  C^g^g,  from  observations  made 
in  October,  1878, 

/^ 
C,8,8  =  o'oiwH-o'i8o    (/— 3o°'5  C). 

(d)  Values  of  i  turn  of  the  Bessel-Repsold  comparators  Nos.  i  and  2,  depending 
on  preceding  lengths, 

No.  I  =  276  '06  +  0  '0036  (/  —  14°  C. )  microns. 
=b  'oi 
*  No.  2  =  276  '33  -f  o '0036  ( /  —  14°  C.)  microns. 

±1    'OI 

The  inequalities  of  the  screws  of  these  comparators  were  determined  and  a  table  of 
corrections  was  constructed  for  whole  and  fractional  turns. 

(e)  Values  of  i  turn  of  the  Fauth  &  Co.  comparators,  known  as  Nos.  3  and  4, 
from  comparisons  made  in  May  and  June,  1881,  one  turn  of  No.  3  and  of  No.  4  =  254 '53 
+  o*oo2  (/—  20°  C)  microns.  The  inequalities  for  these  screws  were  likewise  deter- 
mined. 

(f)  The  subsidiary  steel  metres  A,  B,  C,  D,  E  are  ^nd  metres,  with  platinum 
iridium  cylinders  of  2  millimetres  diameter  projecting  0*5  millimetre  beyond  their  end 
surfaces.  For  comparison  of  length  and  determination  of  the  coefficient  of  expansion 
they  were  placed  side  by  side  with  the  Committee  Metre  in  the  middle  position,  in  a 
trough  filled  with  glycerin  the  temperature  of  which  could  be  changed  and  was  read  by 
means  of  two  immersed  standard  thermometers.  Observations  made  between  December, 
1880,  and  February,  188 1,  gave  the  following  results: 

^/  =  iw  -*  175  -Si/i  —  6  -359//  (/  —  57  '53  ^'  )• 

-tr    '52  rir  17  I 

B  =  un  -r  157  14/^  r  6  ^SS/i  (/  -  57  53  ^.  )•   |  ^^^  :S  or  A-^B-C^D^E 

C=un^  Tn  77/.  -r  t,^,  (/  -  57  53  F. ).   I  =  5-  +  827  -80"  .-  31  '85/  (/  -  57  53  F, ). 


±   '45         ^  12 
D=  im  -r  155  '31)"  -  6  '^,e2^^  (I  —  57  53  F. ). 

-   "51         =    7 
£=  im  -^-  164  77/"  -r  6  -345//  (/  -  57  -53  F. ). 

^  'SI         -t  19 


I  92         zt=    60 

5^4-827-80    -I- 57 '332     (/-i4°-i8C,). 
rt  I   92  rt  108 


Lcfigth  and  coefficie^it  of  expansion  of  the  ^-meire  standard  bars  A^os.  I  and  II — known 
as  the  5 -metre  office  and  field  standards.  They  are  of  steel  and  terminate  in  steel 
cylinders  similar  to  those  of  the  metres.  Firmly  attached  to  them  at  their  ends  are  two 
zinc  bars,  each  of  half  the  length  of  the  steel  bar,  one  on  each  side,  with  two  Borda 
scales  at  the  middle  of  each  standard  bar.     They  were  mounted  on  rollers  in  a  water- 
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tight  wooden  box  and  immersed  in  glycerin  which  could  be  raised  to  different  tempera- 
tures ;  four  thermometers  gave  the  temperature  of  the  fluid. 

Mounted  on  the  same  movable  platform  in  the  office  comparing  room  was  a  second 
box  containing  the  five  metres,  joined  together  by  spiral  springs  to  make  proper  con- 
tact* and  carefully  aligned.  Six  thermometers  gave  the  temperature  of  this  compound 
bar,  which  at  the  contact  ends  only  was  exposed  to  the  air.  The  cylindric  ends  of  the 
bars  protrude  through  small  holes  in  thin  brass  plates  and  are  secured  by  india-rubber 
diaphragms,  permitting  contact  with  the  screw  comparators  mounted  on  independent 
brick  piers.     Observations  made  in  March,  188 1 ,  comprising  35  sets,  gave  the  coefficients 

of  expansion  of  the  office  or  No.  ,1  standard  o'ooo  on  .491  and  of  the  field  or  No.  II 

d=32 
standard  o'ooo  01 1  495  for  the  centigrade  scale,- 

±41 

The  comparisons  for  length  made  at  various  times  gave  the  following  results: 


1 88 1,  April  and  May 

1882,  May  and  June 

1883,  January  and  February 
1883,  February 

1883,  February 


II— 1=657//+ 1-2// 

I        =5w-}-i    221\\M±:l'SjLl 

II— I=6io/i±o-8/i 
I      =5w4-i  o47*8//iiio*6;z 
II      =5w-f-i  l55'9M±o'5M 


at  20  '46C 

12-68 
16 '11 
16  96 


Whence  length  of    I  =  sm  -f  i  101*8//  -|-  57-46     {I 

dz    2*1  dz'lS 

and  of        II=5w4-i  163 -q// -f- 57-47    (/ 


i7<'-o7  C). 
17*07  C. ). 


±:     2*1 


"21 


The  length  of  the  base  measuring  5-metre  bars  depend  on  the  latter  value.  Com- 
parisons with  this  field  standard  were  made  every  morning  before  commencing  the 
measure  on  the  base;  generally  between  the  hours  of  7  and  8  a.  m.  The  mean  error 
from  two  sets  of  comparisons  is  for  base  bar  i,  zfc  3'8/i  and  for  base  bar  2,  db  5'2/i.  On 
other  days  bihourly  comparisons  were  made  extending  over  day  and  night  hours  in  order 
to  ascertain  the  diurnal  variation  in  length  of  the  roughly  compensated  base  bars.  In 
connection  with  this  work  the  temperature  of  the  bars  is  given  by  the  readings  of  mer- 
curial thermometers. 

The  following  table  gives  tnt  length  of  the  base  bars  [5^  +  tabular  quantity  (in 
microns)]  between  the  hours  8  a.  m.  and  6  p.  m.  and  for  two  periods,  from  bihourly 
comparisons  on  5  days  in  September  and  from  hourly  comparisons  on  4  days  in  October 
and  November,  188 1. 


Bar. 


8*'  a.  m. 


10 


II         Noon.     I  p.  ni. 


•During  the  progress  of  the  compansons  the  metres  were  variously  arranged  as  to  relative  position. 


6h 


I 

30 

29 

27 

26 

24 

27 

I 

56 

69 

71 

86 

84 

86 

88 

80 

79 

69 

68 

2 

121 

114 

117 

III 

106 

no 

2 

333 

336 

350 

359 

363 

359 

365 

362 

355 

345 

335 

I20 
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The  Borda  Scales  were  found  unreliable  on  account  of  the  zinc  bars  taking  up  a  new 
set  after  changes  of  temperature.  The  length  of  the  base  bars  adopted  in  the  computa- 
tion was  determined  as  follows:  For  any  one  day  it  depends  on  the  morning  comparison 
with  the  standard,  to  which  is  added  differentially  the  diurnal  difference  for  the  particular 
hour,  taken  from  the  normal  or  tabular  values  and  multiplied  by  a  factor  of  the  ratio  of 
the  range  of  temperature  on  the  particular  day  to  the  normal  range.  Before  and  during 
the  first  measure  of  the  base  the  diurnal  range  of  length  was  very  small,  but  during  the 
second  and  partial  third  measure  it  had  sensibly  increased.  This  change  was  most 
pronounced  between  October  4  and  October  15.  Fractional  lengths  of  the  base  bars 
were  measured  by  means  of  a  3-metre  steel  rod  and  fractional  parts  of  a  metre  by  means 
of  a  brass-metre  scale,  and  for  transfers  to  the  ground  a  small  ivory  scale  graduated  to 
half  millimetres  was  employed;  one  or  the  other  of  these  means  came  into  use  at  the  base 
end,  at  the  17-kilometre  marks  and  the  subdivisions  at  the  crossing  of  fences  and  at 
the  numerous  temporary  stopping  places  during  the  measures.  For  reduction  to  sea 
level,  we  have  from  spirit  leveling  the  bench  mark  at  Woodland  17*78  metres  above  the 
half- tide  level  of  San  Francisco  Bay  and  the  average  height  of  the  base,  including  1*25 
metres  for  height  of  bars,  26*8  metres.  The  reduction  is  separately  applied  to  each 
kilometre.     The  total  amount  equals  68 '06  millimetres. 


Tabular  results  of  measures  of  the  Yolo  Base. 


Kilo- 
metre 
divi- 

First 
measure. 

Second 
measure. 

Third 
measure. 

Mean. 

^x 

^. 

^3 

sions. 

m. 

nt. 

m. 

w. 

tntn. 

mm. 

mm. 

I 

999  '938  57 

999  '936  74 

999-942  30 

999  939  20 

4-0-63 

-1-2 -46 

—3-10 

2 

•865  46 

•862  57 

'864  42 

•864  15 

-I '31 

-hi  -58 

—0*27 

3 

•919  67 

•920  53 

•920  10 

+043 

043 

4 

•955  17 

•953  37 

•954  27 

—0-90 

4-0-90 

5 

•936  61 

•934  55 

•935  58 

-I  -03 

-fl  -03 

6 

•993  26 

•992  40 

•992  83 

—0  '43 

-f-o-43 

7 

•910  55 

•911  54 

•911  04 

+049 

—0-50 

8 

•948  47 

•950  99 

•949  73 

4-1   26 

I  26 

9 

•961  21 

•965  86 

•963  54 

-f2-33 

-2*32 

10 

•973  48 

•975  17 

•974  32 

+0-84 

-0-85 

II 

•911  85 

•909  45 

•910  65 

—  I  20 

-f-i  20 

12 

■9U  50 

•917  03 

•915  76 

-f  I  26 

—  I  27 

13 

•932^28 

•931  14 

999  932  43 

•931  95 

-o'33 

-ro-8i 

—0-48 

14 

•957  92 

•954  12 

•958  57 

•956  87 

—  I  05 

-r2  75 

-I  70 

15 

•903  46 

•899  77 

•902  53 

•901  92 

1*54 

4-2^5 

— o-6i 

16 

•875  82 

•872  70 

•873  59 

•874  04 

—  I  78 

4-1-34 

4-0 -45 

17 

999  936  22 

999  933  33 

999  934  54 

999  '934  70 

I  52 

4-1  '37 

-ho-i6 

(18) 

487-683  51 

487  "679  34 

487  -681  00 

487-681  28 

—2-23 

4-1*94 

-r  0  -28 

^       17  486-518  01      17  486-500  60 


-         -     .  17  486-511  93 


The  kilometres  count 
one  was  run  in  the  opposite 


from  the  southeast  end  from  which  the  first 
direction,  and  the  third  measure  was  equally 


measure  started,  the  second 
divided  as  to  direction. 
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The  probable  error  of  the  resulting  length, — ^That  due  to  the  measure  proper,  which 
includes  errors  of  contact,  of  transfer  (bar  to  ground  and  back  to  bar),  of  fractional 
parts  of  bars,  of  inclination,  of  alignment,  and  of  assigned  length  of  bars,  is  d=  3*29 
millimetres;  also  the  mean  error  of  a  single  measure  of  i  kilometre  =  ±  i  '81  millimetres. 
The  probable  error  arising  from  the  field  comparisons  of  the  standard  bar  with  the  base 
bars  has  been  taken  as  zb  i  '2  millimetres,  and  that  due  to  uncertainty  in  the  length  of 
the  bars  due  to  diurnal  variation  has  been  estimated  as  ±5  millimetres.  The 
probable  error  due  to  uncertainty  in  the  length  of  the  measuring  bar  is  given  by 
±2*1/^X3  497  =  ^7*34  millimetres;  the  probable  error  due  to  uncertainty  in  the 
expansion  coeflScient  is  but  d=o*3  millimetre,  and  the  probable  error  depending  on  an 
uncertainty  of  0*35  metre  in  the  height  of  the  base  is  ±i*o  millimetre;  hence  the 
probable  error  of  the  whole  base,  combining  the  6  separate  values,  equals  ±9*6  milli- 
metres, which  is  about  T-?Ti"jTr7r  part  of  the  length,  or  ±  0*009  6  metre  and  in  the  sixth 
place  of  log's  dzo'238. 

This  may  be  taken  to  represent  the  measuring  error.  Combining  it  with  the 
probable  error  due  to  that  of  our  practical  unit  of  length,  the  Committee  Metre,  taken 
as  it  ^/4,  we  get 

^  (9'6)'+  (13*1)'=  ±i6'3  millimetres,  or  about  TTyTiuinr  pa^'t  of  the  length. 
Resulting  length  of  the  Yolo  Base,  17  486*511  9  and  its  logarithm  4*242  703  189. 

±     16  3  ifc  405 


ABSTRACT  OF   RESULTING   HORIZONTAI,   DIRECTIONS,   OBSERVED    AND    ADJUSTED    AT   THE   STATIONS 

FORMING  THE  VOI^O  BASE  NET.      1876,  1880,  1882,  1884,  1891-92. 

\olo  Southeast  Base^  Yolo  County,  California.     July  22  to  August  16,  1880.     50-centimetre  theodolite, 

No.  115.     G.  Davidson,  observer. 


No.  of 
direc- 
tion. 

objects  observed. 

Resulting  directions 

from 
station  adjustment. 

Approxi-    , 

mate 
probable 

error. 

Reduction 

to 
sea  level. 

\_urrcc- 
T>^«..i«:..»  tions  f rom 
^UJ"8    base-net 
^*=«'"^*-       adjust- 
ment. 

Final  sec- 
onds in 
triangula- 
tion. 

Yolo  Northwest  Ba.se 

0        / 
0     00 

// 

00 '000 

// 
-^■•043 

—  '002 

//                     // 

// 

4 

59  '998      -r  232 

00  "230 

Marysville  Butte 

15     32 

39 '320 

•085 

—  -002 

39  318 

Pine  Hill 

89     51 

47  -540 

•069 

+  024 

47  -564 

I 

Mount  Diablo 

204     49 

35  777 

•085 

-|-  -021 

35  798      -f  '021 

35  -819 

2 

Vaca 

252     41 

55-204 

•079 

+  •045 

55  "249      —  220 

55  029 

3 

Monticello 

310    54 

36-564 

•074 

-  -046 

36  518      —  064 

36  '454 

Probable  error  of  a  single  observation  of  a  direction  (Z>.  and  ^. )  =  dr  0^^*52. 

Yolo  Northwest  Base,  Yolo  County,  California.     August  19  to  September  10,  i88<^     50-centimetre 

theodolite.  No.  115.     G.  Davidson,  obser\'er. 


5 
6 

7 
8 


// 


// 


// 


// 


// 


// 


0 

00 

OO'OOO 

±-038 

—  -ooi 

59-999 

— 

•160 

59  839 

20 

04 

24  -623 

•080 

-f -008 

24-631 

•082 

24  -549 

47 

20 

34-153 

•067 

H-  -042 

34  -195 

-f 

060 

34  -255 

103 

42 

21  -384 

-059 

+  -007 

21  -391 

-f 

•188 

21  579 

200 

07 

47  -730 

•075 

-f -006 

47  736 

283 

13 

29  522 

•069 

-f-oo5 

29  -527 

Yolo  Southeast  Base 
Mount  Diablo 
Vaca 

Monticello 
Marysville  Butte 
Pine  Hill 

Probable  error  of  a  single  observation  of  a  direction  (/?.  and  R,)  =  ±z<y'  '46. 
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ABSTRACT  OF   RESULTING   HORIZONTAL    DIRECTIONS,   OBSERVED   AND  ADJUSTED,   AT  THE  STATIONS 

FORMING  THE  YOLO  BASE  NET.     1876,  1880,  1882,  1884,  1891-92— Continued. 

Faca^  Solano  and  Napa  counties,  California.     October  30  to  December  11,  1880.     50-centimetre 

theodolite,  No.  115.     G.  Davidson,  observer. 

R«"'"»8direclion8    ^P^™'*-    ReducUon  ResuIHng  «™?~?  "Sdita" 


No.  of 
direc- 
tion. 

Objects  observed. 

10 

Yolo  Southeast  Base 

Hne  Hill 

ir 

Mount  Diablo 

12 

Mount  Tamalpais 

13 

Mount  Helena 

14 

Monticello 

Marysville  Butte 

9 

Yolo  Northwest  Base 

to 


station  adjustment.     ^^^^  ^^    ^*  '^'^*^*- 


o  /                // 

o  00  OO'OOO 

12  12  58 '103 

109  03  23738 

166  20  42  '497 

248  47  11*185 

288  18  44  -230 

318  15  04-533 

334  38  38  711 


064 
080 
083 
107 
103 
108 
098 

073 


// 
+  'ooi 

-I-  -030 

—  '040 

+  •052 

—  ■082 

—  •032 

+  '020 

-h'oo3 


seconds. 
// 

OO'OOI 

58  -133 
23  698 

42  -549 
11-103 

44*198 
04  '553 
38  714 


ment. 


tion. 


// 

-f-o*iii 

-  '347 

—  -078 

+    -488 
+    'MI 


// 

00'112 

23  "351 
42  -471 
11-591 

44  '339 


-    *259      38-455 


Probable  error  of  a  single  observation  of  a  direction  (D.  and  /^,)  =  ±:c/^'6'j. 


Monticello,  Yolo  County,  California.     September  23  to  October  19,  1880. 

No.  115.     G.  Davidson,  observer. 


50-centimetre  theodolite, 


Mount  Helena 

0 
0 

00 

// 

OO'OOO 

±052 

—  •003 

// 

// 

-f-  -121 

// 

20 

59*997 

00-118 

Marysville  Butte 

116 

50 

54-208 

•073 

+  •036 

54*244 

Pine  Hill 

175 

09 

43*409 

•053 

-f  006 

43  '415 

15 

Yolo  Northwest  Base 

175 

30 

36  -288 

•051 

•000 

36  288 

—  •080 

36-208 

16 

Yolo  Southeast  Base 

202 

42 

51  -850 

•084 

—  -OOI 

51  *849 

+  •091 

51*940 

17 

Vaca 

252 

48 

57  -254 

-066 

—  -026 

57  '228 

-077 

57  -151 

18 

Mount  Diablo 

253 

17 

07-113 

•107 

—  -041 

07  -072 

-•137 

06-935 

19 

Mount  Tamalpais 

292 

27 

41  -105 

-062 

+  -039 

41-144 

-f--o62 

41  -206 

Probable  error  of  a  single  observation  of  a  direction  {D,  and  -^.)  =  ±0^^-51. 
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ABSTRACT   OF    RESUI^TING  HORIZONTAI,  DIRECTIONS,   OBSERVED  AND  ADJUSTED,   AT  THE   STATIONS 

FORMING  THE  YOLO  BASE  NET.     1876,  1880,  1882,  1884,  1891-92— Continued. 

Mount  Diablo,  Contra  Costa  County,  California.  June  25  to  September  8,  1876.  50-centimetre 
theodolite,  No.  5.  G.  Davndson,  C.  Rockwell,  and  W.  Eimbeck,  observers.  November  14  to 
December  29,  1884.  50-centimetre  theodolite,  No.  115.  R.  A.  Marr,  observer.  (G.  Davidson,  chief 
of  party.)    June  28  to  July  19,  1892.     50-centimetre  theodolite,  No.  115.     G.  Davidson,  observer. 

A t  Correc-     «.• , • 


No.  of 
direc- 
tion. 

Objects  observed. 

Resultinf?  directions 

from 
station  adjustment. 

'^STate  ^-    ^-^-^^^ 
^'^^'     -alSvel. 

Resulting 
seconds. 

tions  from 

base-net 

adju.st- 

ment. 

onds  in 

triangula- 

tion. 

Mount  Helena 

0 
0 

00 

OO'OOO 

// 
rb-066 

—  082 

// 

// 

-•645 

// 

22 

59  '918 

59  '273 

23 

Monticello 

20 

03 

30*643 

•090 

—  •032 

30*611 

—  *I02 

30-509 

24 

Vaca 

20 

19 

59  '505 

•098 

—  '024 

59  '481 

+  •319 

59 '800 

Azimuth  Mark  (Clayton) 

25 

49 

17-204 

I*  -074/ 

—  -oio 

17*194 

25 

Yolo  Northwest  Base 

38 

39 

09*129 

**ii5 

-000 

09*129 

-f-o86 

09*215 

Marysville  Butte 

38 

40 

30  -881 

-094 

-r '005 

30  -886 

26 

Yolo  Southeast  Base 

43 

24 

20*921 

*-io6 

•000 

20*921 

-f  -524 

21*445 

Mount  Lola 

73 

06 

3 1  834 

•089 

-r  -185 

32  019 

Pine  Hill 

76 

14 

00-524 

*io6 

+  •043 

00-567 

Round  Top 

97 

32 

04  -551 

•107 

-(-•181 

04  732 

Mount  Conness 

122 

21 

10  -679 

to62 

}  -029 

10*708 

Mocho 

180 

16 

12  '207 

r-iii| 
It  -062/ 

—  -080 

12  -127 

Loma  Prieta 

211 

22 

06*404 

*-o84 

—  -on 

06-393 

Sierra  Morena 

249 

16 

39  -858 

**092 

+  •046 

39  904 

21 

Mount  Tamalpais 

310 

12 

09*226 

•095 

•008 

09*218 

-•047 

09-171 

Ross  Mountain 

339 

08 

13  -637 

*-o87 

—  -042 

13  •595_ 
Mean 

+  •023 

Probable  error  of  a  single  observation  of  s 

a  direction 

{D.  and  ^.)  =  db  0^^-72. 

Mount  Helena y  Napa  County,  California.  September  23  to  November  26,  1876.  50-centimetre 
theodolite,  No.  5.  G.  Davidson,  W.  Eimbeck,  observers.  August  14  to  August  21,  1891.  50- 
centimetre  theodolite.  No.  115,     E.  F.  Dickins,  observer. 


1 

• 

/ 

// 

// 

// 

// 

// 

// 

29 

Mount  Diablo 

0 

CX) 

00  000 

---  058 

-•073 

59  927 

-r-i83 

00 -no 

30 

Mount  Tamalpais 

33 

43 

57  "142 

•071 

—  -004 

57  -138 

+  •303 

57*441 

Ross  Mountain 

102 

52 

47  -356 

-f  032 

47-388 

Cold  Spring 

153 

08 

42  324 

-045 

42  279 

Mount  Sanhedrin 

193 

02 

53  '251 

•0S9 

53  -162 

Snow  Mountain  West 

208 

09 

II  -511 

-  -038 

1 1  -473 

Snow  Mountain  East 

208 

37 

44-912 

•059 

Azimuth  Mark  (Woods) 

225 

16 

49  643 

•052 

-^  -007 

49  650 

(49  -618; 

Marysville  Butte 

265 

31 

14  '523 

*o78 

--  *042 

14  -565 

Mount  Lola 

281 

54 

43  '341 

•083 

-r -140 

43  -481 

Pine  Hill 

303 

14 

10-280 

-083 

-f -004 

10  284 

Round  Top 

305 

18 

41  -177 

•074 

-f  005 

41  -182 

27 

Monticello 

306 

46 

16*071 

076 

—  -002 

16*069 

-1--008 

16  -077 

28 

Vaca 

340 

03 

44-142 

•"3 

-•045 

44-097 
Mean 

-•621 
—  •032 

43  -476 

Probable  error  of  a  single  observation  of  a 

direction 

{D.  andi^.)~  -+-0^^*62. 

♦The  directions  marked  by  a  *  depend  on  the  probable  error  -hQf'•o^^  of  the  azimuth  mark  during  the  second 
occupation. 

tThe  directions  marked  by  a  t  depend  on  the  probable  error  +  o"o62  of  Mocho  during  the  third  occupation. 
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ABSTRACT  OP  RESULTING  HORIZONTAL  DIRECTIONS,   OBSERVED  AND  ADJUSTED,   AT   THE    STATIONS 
FORMING  THE  YOLO  BASE  NET.       1876,  1880,  1882,  1884,  1891-92 — completed. 

Mount  TamalpaiSy  Mariti  County,  California.    August  24  to  October  9, 1882.   50-centimetre  theodolite, 

No.  115.     G.  Davidson,  observer. 

Resulting  directions  ^PPJ*°f*"    Reduction  „^«,,H„or  tionrfrom  ^i!;5l'?;5" 
vcd-  from  r.^?ltx^  to  ^l^"*^     base-net    .^"^t,  V, 

staUon  adjustment.     P^?*^    sea  level,     seconds.       ^^.^^^.      tnan^la- 

ment. 


No.  of 
direc- 
tion. 

Objcct.s  ob 

34 

Mount  Diablo 

Mocho 

Sierra  Morena 

Ross  Mountaix: 

31 

Mount  Helena 

32 

Monticello 

33 

Vaca 

// 


// 


// 


// 


// 


Probable  error  of  a  single  observation  of  a  direction  (/?.  and  ^. )  =  =b  0^^*54. 


// 


0 

00 

OO'OOO 

-^•053 

—  -on 

59  989 

-h-277 

00*266 

23 

47 

56  -302 

•064 

—  '071 

56  -231 

61 

37 

29  -923 

•076 

-*o37 

29 -886 

230 

31 

28*940 

•090 

-•043 

28-897 

263 

31 

35  "075 

•086 

-006 

35-069 

-f  054 

35  -123 

289 

01 

42  852 

•072 

+  •045 

42-897 

-L-  •ai8 

42*945 

307 

25 

02  '177 

•062 

-^•048 

02  -225 

-•380 

01  -845 

No. 

I 

0 

2 

0 

3 

0 

4 

0 

5 

0 

6 

0 

7 

0 

8 

0 

9 

0 

ID 

0 

II 

C) 

12 

13 
14 

15 
16 

17 


(9)+    (7)-    (5) 
(I)  H- (26) -(25) 

(9) -^^25) -(24) 

(i6)-i  (26) -(23) 

(12)  f(33)- (32) 


o 


o 


0  = 


0  = 


0  = 


o 


FIGURE   ADJUSTMENT. 

Observation  equations* 

-0-8144-  (4)-  (3)-r(i6)-(i5)-r  (8)-  (5) 
-ro-o43f  (3)-  (2)-f  (io)-(i4)  +  (i7)-(i6) 
-1*041-  (4)-  (2)4- (10) 
- 0-726 -h  (6)-  (5)-r-  (4) 
4-0-178-r  (7)-  (6)  ^-(11) 
-0-313+  (3)-  (i)-r(i8) 
+  0-071+  (19) -(17) +  (14) 
-0-349-f  (2o)-~(i9)  +  (32)  -(31)  -I- (30) -(27) 
+  o-779-f  (2o)-(i7)  +  (i4)  (13)  '  (28) -(27) 
-2-6o3  +  (24)--   (22)^(29)       (28)  T  (i3)-(ii) 

.  0-254-t  (22)  --(21)  -r  (34)  -    (30  i-(3o)  --  (29) 

^  1046  ♦-  1-9606(2)  —  1-3048  (3)— 0-6558  (4)  +  1-9400  (5)— 3*340  8(7) -l-i -400  8(8) 
+  0-4743(15)  -  1-7604(16)+  1-286  1(17) 

-  2-809 -r  1-904  4(1) -1-248  6  (2)-  0-6558  (4) +  1-9400  (5) -4-084  7(6)  +2-1447(7). 
+  1-416  7(24)  -  -  6-359  3(25)  -^  4-942  6(26) 

+  198-013+ 1-9044(1) -3-2092(2)  +  1-3048(3)  T-  176041  i6)-258'757  4(i7)  +  256-997o(i8) 
+  439-179  2(23)- -444-121  8(24)  *- 4-942  6(26) 

-5-817-:-  1-9044(1)-  -3-2092(2)-:-  1-304  8(3) -f  1-760  4(16) -4-301  5(17) -t- 2-541  1(19) 
+  0-7609(21)  --57035(24)  -  4*94^  6(26)  +6-3336(32)  -7-9444(33)  -;- 1-6108(34) 

-  3-964  H- 0-760  9(21)  -5-681  8(22)  -j  4-9209(24)  1-4-256  2(28) -5-804  6(29)  +1*5484(30) 
+  2*188  6(31 )  -  3-799  4(33)  +  I  -610  8(34) 

-1-205  +  3-192  2(17) -2-541  1(19) -0-651  1(20) +  3-206  5(27)  -4-7549(28)4-  1-5484(30) 
:-  2-188  6(31)  -  6*333  6(32)  -^  4-145  0(33) 


*  Number  of  conditions  in  the  net  17,  of  which  11  refer  to  angle  and  6  to  side  equations;  the  latter  are  established 
with  9  places  in  the  logarithms,  and  the  logarithmic  differences  for  1"  arc  given  in  units  of  the  sixth  place. 


TRANSCONTINENTAL  TRI ANGULATION — PART  I — BASE  LINES.        1 25 

FIGURE  ADJUSTMENT— continued. 
Correlate  equations. 


Correc- 
tions. 

80, 

fl 

-^  — 

II 
3-58 

Ci 

Ca                 C, 

C4                Cs 

(0 

—  I 

(2) 

3  48 

—  I                —I 

(3) 

3  "41   . 

—  I 

+  1 

(4) 

304 

+  1 

+  x 

+  1 

(5) 

300 

—  I 

—1 

—  I 

(6) 

3  50 

+  1              -I 

(7) 

3 '31 

+1 

+  1 

(8) 

3-21 

+  1 

(9) 

3  39 

-I 

—  I 

(10) 

3-27 

•  • 

+  1          +1 

■  •  •                            •  •  • 

(") 

3  "55 

+  1 

(") 

4  00 

(13) 

3*92 

(14) 

4-03 

—  r 

(15) 

312 

—  I 

»  *  •                          •  •  • 

•  •  •                            •  ■  • 

(16) 

3  57 

+  1 

—I 

(17) 

3  30 

+1 

(18) 

4  00 

• 

(19) 

3*24 

C20) 

313 

•  •  1 

•  •  «                          •  •  • 

•  •  ■                            ■  •  • 

(2O 

376 

(22) 

3  30 

(23) 

367 

(24) 

3-82 

—I 

(25) 

4-1R 

■  •  • 

•  •  •                          •  •  • 

-I              +1 

(26) 

398 

+  1 

(27) 

3*44 

(28) 

414 

(29) 

3  20 

(30) 

3  36 

•  •  • 

•  •  •                          •  •  • 

«  •                            •  •  • 

(30 

360 

(32) 

3-38 

(33) 

3  24 

(34) 

3  14 

• 

Correc- 
tions. 

C« 

- 

Cof 

+  1-904  4 

relate'  eguations- 
Cu 

(!) 

f  1  \)04  4 

(2) 

4-1-960 

>6 

-1-248  6 

-3  209  2 

(3) 

-I  304 

^8 

+  1-304  8 

(4) 

-0655 

.  8 

-0655  a 

(5) 

+  1-94C 

)  0 

+1-940  0 

(6) 

-4  0*^4  7 

(7) 

-3*34c 

)  8 

+  2144  7 

(8) 

+  i-4« 

>  S 

(9) 

(10) 

•  «  •  ■      • 

•   ■ 

(II) 

(12) 

(13) 

(14) 

(15) 

+0-474 

I  3 

(16) 

-I76f 

»  4 

\  1  -1^  4 

C6 


C« 


C9 


>xo 


■  II 


—  I 


+  1 


—  1 


+  1 


—  I 


+  1 


—  I 


+  1 


—  I 

+  1 


—  I 
+  1 


—  I 


+  1 


—  I 


+  1 


—  I 


+  1 


—  I 


+  1 


—  I 

+  1 


"  I 

+  1 


—  I 


+  1 
—  I 
+  1 


—  I 

+  1 


—  I 
+  1 


—  I 

+  1 

—  I 


+  1 


'-IS 

+  I  '904  4 
-3*209  2 

+  1  304  8 


C16 


-X7 


+  1-760  4 
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ft  o 


(17) 
(i8) 

(19) 
(ao) 

(21) 

(22) 

(23) 
(24) 
(25) 
(26) 

(27) 
(28) 

(29) 
(30) 
(31) 
(32) 
(33) 
(34) 
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FIGURE  ADJUSTMENT— completed. 
Correlate  equations — Completed. 

C13  Cx4  Cis  C16 


Cx7 


+1-286  I 


-2587574 
+256  997  o 


+1  '416  7 

-6  359  3 
+4  '942  6 


+439  179  2 
—444  •121  8 


+4  -942  6 


-4 '301  5 
+  2-541  I 
+07609 

-5  "703  5 

•  ■  ■  •  •      •  • 

+4  -942  6 


+0760  9 
-5-681  8 

+4  '920  9 


+3.192  2 

•    2-541  1 
-0-651  I 


+6  '333  6 
-7 '944  4 
+ I -610  8 


+4  256  2 
-5-804  6 

+  1548  4 
+2-188  6 

-3799  4 
+  I-6I0  8 


+3 '206  5 
-4  754  9 

+  i'548  4 
+2 -188  6 
-6-3336 
+4  "US  o 


o=»  — 

0-814 

+ 

0043 

— 

1*041 

V 

0-726 

+ 

0-178 

— 

0-313 

+ 

0-071 

— 

0349 

+ 

o"779 

— 

2  603 

+ 

0254 

Ca 


C3 


Normal  equations. 

C4  Cs  C6  C7 


C8 


C9 


.10 


.XX 


+  J9*35 


-6-98 
+21-06 


+  6-04 

+  675 
+19-49 


+  6-04 

+  604 

+21  -28 


+  670 
-7-68 

+  21  -75 


-  698 

+  6-98      -  7*33 

+  7-56 


-  7*33 


+  22*21 


+  21*19       —  6-62 

+  20-15 


+    7-33 

+  6-57 
+21-96 


-     737 


-8*06 
+  21  "93 


+  6-96 

-  6  50 
+20-36 


Normal  equations — Completed. 


Cx> 

1—. 

0-814 

-  6-632  I 

+ 

0023 

-  0  -743  5 

— 

I   041 

-25  694  6 

— 

0-726 

-  7-8136 

+ 

0-178 

—  1 1  -058  0 

— 

0-313 

+  I  835  3 

+ 

0*071 

-  4-244  I 

- 

0-340 

+ 

0-779 

~  4  244  I 

2-603 
0254 

+ 

0=»  4- 

I  -046 

+92  -245  9 

— 

2  809 

+  I98013 

5-817 

3  964 

— 

— 

1-205 

CI3 


-  7-8x36 

+  4-345  I 

+-  3  -630  5 

+  17  325  6 

-  10  598  3 

+  12-853  8 


+    5-411  s 

-  19-637  o 
+378-566  7 


C14 

+         1  835  3 
-     844  -566  7 

+  11-168  o 

+  12-8538 

+  1  696  545  3 

—  572  781  I 

-  853  -899  4 

+    853  899  4 
-I  696  545  3 

-I  136-965  o 

-2  279-339  o 

+  1  946  641  -906  4 


-15 


C16 


CXT 


+  1  -835  3 
-  4  862  2 
+  11  -168  o 
+  12  853  8 

+  21-787  4 
+  11*018  5 
-24-719  3 
+  13-174  4 
+  14  195  o 
-21-787  4 
+  2  196  9 
-57-021  I 
+93  290  5 
+  13  512-216  o 

+719 -565  7 


+  10-534  3 


-18-797  8 

-  I2-3IO   I 

-  2  676  3 

+  17-620  7 

+  1  -352  4 

-  0*654  6 

+  26  630  9 

-8  348  -529  6 

+     0-906  7 

+464  246  3 


+ 16  069  9 
—28 -919  o 

-43-287  8 
+  19-685  3 
—  2-676  3 
+  13-548  I 

■2  725-817  7 

-308-513  1 
-109-510  I 
J-401  399  2 
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Resulting 

Ci  =  4-o-o33  900 
Ca  +  '023  593 
Cj      -h     'oio  217 

C4      +    -043  760 
C5=-}-o*o66  122 
// 

( 1 )  =  +  o  *020  6 

(2)  —    -219  9 

(3)  -    '063  9 

(4)  +    -231  6 

(5)  -    -159  8 

(6)  -     -082  2 

(7)  +    -060  4 

(8)  +    -1878 

(9)  =  -0-258  8 


values  0/ correlates  and  0/  corrections  to  angular  directions. 
C6=— 0*011  325  Cio=-hoi63  816  Cx4  =  —  o -ooo  088  967 

C7      -f    -019  388  C„      -h     -036  790  C,s      -f     -019  867  4 

Cg      -f    -009  930         C„      -r     017  565  2  C,6      +    '012  020  3 

C9=4o'039  218  C,3=-^-o"ooo  276  i  Ci7  =  -|-o*oi6  115  3 


10)  = 

IX) 

12) 

13) 
14) 
15) 
16) 

17) 
18)  = 


// 

-f-o'iio  6 

-  -346  8 

-  077  6 

•4884 
•141  I 

•079  8 

■091  I 

•077  3 
0-136  8 


// 


(19)  =  +  0-061  5 


(20) 

(21) 
(22) 

(23) 
(24) 
(25) 


+ 


+ 


•121  o 

•047  I 

-644  6 

-loi  8 

•318  7 

•086  I 


(26)  =  +  0-523  6 


// 

(27)  = +  0-008  3 

(28)  -    -621  3 

(29)  +    -183  2 

(30)  +    -303  4 

(31)  -f    '053  5 

(32)  -r     -048  4 

(33)  -    '380  I 

(34)  = +0*276  8 


// 


^of  the  +  corrections  3  -316 
-2  of  the  —  corrections  3  -298 

Also      [pvv]  =  o  -6245 
—  [wC'\  =0*6249 


Mean  error  of  a  direction  of  unit  weight  ntx  =llP'^i  =  ^b  0^^*192,    where  «  = 

y     n 

number  of  conditional  equations;  the  average  weight  of  a  direction  is  0*285;  hence 
m  =  niil^p'  =  rt:o"*36  and  the  mean  error  of  an  observed  angle  =  m  -^2  =  it o"'5i; 
also  the  probable  error  of  the  same  =  di  o"'34.  (Cf.  Appendix  No.  9— Annual  Report 
of  the  Survey  for  1885.) 


TRIANGLES  OF  THE  YOLO  BASE  NET»  CALIFORNIA,  1876-1892. 


No. 


Stations.         Observed  angles. 

o  /  // 

Vaca  25    21     21  -287 

Yolo  N.  W.  Base      47    20    34  -196 
YoloS.  E.  Base      107     18    04-749 


00-232 

1*273 

Monticello 

27 

12 

15  -561 

+0*171 

15  732 

0*416 

Yolo  N.  W.  Base 

'03 

42 

21  392 

+0*348 

21 *74o 

0-415 

Yolo  S.  E.  Base 

49 

05 

23-480 

+0  *295 

23  775 

0*416 

w-433 

1*247 

Vaca 

71 

41 

15*803 

—0-031 

15  772 

0*802 

Monticello 

50 

06 

05  '379 

-o*i68 

05*211 

0*803 

.  Yolo  S.  E.  Base 

58 

12 

41*269 

+0*156 

41  -425 

0*803 

02  -451 


Correc- 
tions. 

// 
+0-369 

+0-220 

-ho  -452 


Spher- 
ical 
angle. 
// 

21  -656 

34  *4i6 
05  -201 


Spher- 
ical 
excess. 
// 

0*424 
0-424 

0-425 


Log  s. 

4*242  703  19 
4  *477  552  13 
4  *590  907  73 


Distances 
in  metres. 

17  486-512 
30  029  -78 

38  985  '91 


4*242  703  19  17  486-512 

4  -570  085  01  37  160  *8o 

4  *46i  001  97  28  906  *93 

4  -570  085  or  37  160  80 

4*477  552  12  30  029  78 

4*522  072  61  33  271  *52 


2  *4o8 
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TRIANGI^ES  OF  THE  YOLO  BASE  NET,  CALIFORNIA,  1876-1892 — continued. 


No. 


.  4 


8 


10 


II 


12 


Stations. 

Observed  angles. 

Correc- 
tions. 

Spher- 
ical 
angle. 

spher- 
ical 
excess. 

Log  5. 

Distances 
in  metres. 

0 

/ 

// 

// 

// 

// 

Monticello 

77 

18 

20*940 

-f  0-003 

20-943 

0794 

4  590  907  73 

38  985  -91 

Yolo  N.  W.  Base 

56 

21 

47-196 

-f  0*127 

47  *323 

0-794 

4-522  072  61 

33 

271  -52 

Vaca 

46 

19 

54-516 
02  -652 

—0-400 

54*116 

0794 
2-382 

4*461  001  97 

28 

906  93 

Mount  Diablo 

4 

45 

II  -792 

+0  -437 

12*229 

0-450 

4-242  703  19 

17  486*512 

Yolo  N.  W.  Base 

• 

20 

04 

24  632 

-f  0  -078 

24-710 

0-450 

4  859  908  79 

72  428  -38 

Yolo  S.  E.  Base 

155 

10 

24-200 

-fO'2II 

24-411 

0-450 

4*947  451  15 

88 

603  56 

00-624 

1*350 

Mount  Diablo 

18 

19 

09-648 

-0  233 

09*415 

1*339 

4  *590  907  73 

38  985  *9i 

Vaca 

134 

24 

44-984 

— o-o88 

44*896 

1*340 

4-947  451  15 

88 

603*56 

Yolo  N.  W.  Base 

27 

16 

09*564 

+0  -143 

09-707 

1*339 
4*018 

4  -754  580  63 

56 

830  *39 

04-196 

Mount  Diablo 

23 

04 

21  -440 

4-0  -205 

21-645 

1*365 

4  *477  552  12 

30  029  78 

Vaca 

109 

03 

23*697 

0*457 

23  *24o 

1*365 

4  859  908  79 

72 

428  -38 

Yolo  S.  E.  Base 

47 

52 

19 '451 

—0  -241 

19-210 

1*365 

4  *754  580  63 

56  830  -39 

• 

04  *588 

4*095 

Mount  Diablo 

18 

35 

38-518 

4-0-188 

38-706 

2*154 

4-461  001  97 

28 

906  93 

Monticello 

77 

46 

30  784 

-0  -057 

30  -727 

2*154 

4*947  451  14 

88 

603-56 

Yolo  N.  W.  Base 

83 

37 

56760 

-f  0  -270 

57  *030 

2*155 
6-463 

4  "954  725  45 

90 

100  14 

06  062 

Mount  Diablo 

23 

20 

50 '310 

-f-o  625 

50  '935 

2-189 

4  -570  085  01 

37 

160 -So 

Monticello 

50 

34 

15  '223 

—0  *228 

14*995 

2-189 

4  -859  908  78 

72 

428  38 

Yolo  S.  E.  Base 

106 

04 

60   720 

—0*084 

60-636 

2-188 
6-566 

4  '954  725  45 

90 

100  14 

06   253 

Mount  Diablo 

0 

16 

28  -870 

-J-o  "420  0 

29  '290  0 

0-021  0 

4  522  072  61 

33 

271  "52 

Monticello 

0 

28 

09  844 

— 0060  7 

09  783  3 

0  *02 1    0 

4  754  580  63 

56 

830  '39 

Vaca 

179 

15 

20-500 

4-0-488  7 

20  988  7 

0*020  0 

4  *954  725  45 

90 

100-14 

59*214 

0*062   0 

Mount  Helena 

33 

17 

28  -028 

—0  630 

27  *398 

1*038 

4*522  072  61 

33 

271  *52 

Monticello 

107 

II 

02  769 

40  198 

02  *967 

I  *037 

4  -762  757  83 

57  910*57 

Vaca 

39 

31 

33  095 
03*892 

0347 

32  -748 

1*038 

4  -586  334  73 

38 

577  '56 

3*113 

Mount  Diablo 

20 

19 

59  -563 

+0-963 

60*526 

I  *8oo 

4  762  757  83 

57  9JO*57 

Mount  Helena 

19 

56 

15  830 

4-0-805 

16  -635 

I  800 

4  "754  580  63 

56  830  *39 

Vaca 

139 

43 

47  '405 
02-798 

+0  835 

48  *240 

I  -801 
5 '401 

5  *032  332  46 

107 

728*96 
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TRIANGI.ES  OP  THS  YOLO  BASE  NET,   CALIFORNIA,    1876-1892— continued. 


No. 


13 


14 


15 


16 


17 


18 


19 


Stations. 

Mount  Diablo 
Mount  Helena 
Monticello 


Observed  angles.       t?ons!^' 


o  /  // 

20  03  30693 

53  13  43*858 

106  42  52  925 


07  476 
Mount  Tamalpais  18  23  19  -328 
Monticello  39    38    43*9^6 

Vaca  121    58    01  '649 


04  -893 

'  Mount  Tamalpais  25  30  07  '828 
Mount  Helena  86  57  41  '069 
Monticello  67    32     18*853 


07  750 
Mount  Tamalpais  43  53  27*156 
Mount  Helena  53  40  13  -041 
Vaca  82     26    28*554 


08*751 
r  Mount  Diablo  49    47    50  -700 

Mount  Tamalpais   96    28    24  *920 
Mount  Helena        33    43    57*211 


12  *83i 
Mount  Diablo  69    51     21  *393 

Mount  Tamalpais   70    58     17  '092 
Monticello  39    10    34  *o72 


12  "557 
Mount  Diablo  70    07    50  *263 

Mount  Tamalpais  52    34    57  -764 
Vaca  57     17    18*851 


06*878 


+0  *543 
+0*175 
+0  *258 


— o  "429 
4-0  *I39 
-|-o  *2I9 

—0*005 

-f  o  295 

+0*059 

-o  -434 
+0  -925 
4-0*566 


-o  "597 
+0  223 

-f  O  *I20 


— o  -054 

+0  *229 
+0*198 

+0*366 
+0  657 
+0*269 


Spher- 
ical 
angle. 

// 
31  '236 
44*033 
53  "183 


18*899 

44*055 
01*868 

07  823 

41  '364 
18*912 

26  *722 
13*966 
29*120 

50*103 

25  '143 
57  '331 

21  '339 
17*321 
34  '270 

50  629 

58*421 
19*120 


Spher- 
ical 
excess. 

// 
2*817 

2*817 

2*818 

8-452 
I  *6o7 

1  *6o7 
I -608 

4*822 

2  -699 
2  -700 
2  '700 

8*099 

3*269 
3*269 
3*270 


9*808 
4*192 

4*193 
4*192 

12  *577 
4*310 
4*310 
4*310 

12  -930 
2*724 
2*723 
2*723 

8*170 


Log  5. 

4  -586  334  73 

4  *954  725  45 

5  "032  332  46 

4*522  072  61 
4  '827  980  08 
4  '951  716  47 

4  *586  334  73 
4*951  716  47 
4  -918  061  79 


Distances 
in  metres. 


38  577  -56 

90  100*14 

107  728*96 


33  271  -52 
67  294*58 
89  478  -04 

38  577  *56 
89  478  -04 
82  806*00 


I  4  '762  757  83  57  910  '57 
4  *827  980  08  67  294  *58 
4  *9i8  061  80      82  806  *oo 


4*918  061  79  82  806*00 

5  '032  332  46  107  728  -96 

4  '779  637  67  60  205  *7 1 

4*951  716  47  89  478*04 

4*954  725  44  90  100*14 

4  *779  637  67  60  205  -71 

4  '827  980  08  67  294  *58 

4  '754  580  63  56  830  '39 

4  779  637  68  60  205  -71 


18732 — No.  4- 
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PROBABLE   ERRORS. 

Determination  of  the  probable  errors  of  the  length  of  the  sides  comtnon  to  the  net  and  the  adjacent 

chains  of  triangulation. 

For  the  side  Mount  Helena  to  Mount  Diablo  we  make  use  of  the  expression —  * 

Mount  Helena  to  Mount  Diablo  _    sin  ( 2  —  i )  sin  ( 7  —  5 )  sin  ( 13  ~  1 1 ) 
Yolo  Base  ~ sin  (10  —  9)  sin  (26  —  24)  sin  (29  —  28) 

hence  the  function 

F=  log  sin  (2  —  i)  -f  log  sin  (7  —  5)  +  log  sin  (13  —  11)  —  log  sin   (lo  —  9)  —  log  sin  (26  —  24) 

—  log  sin  (29  —  28) 

Establishing  and  solving  the  transfer  equations,  we  find  for  the  reciprocal  of  the 
weight  -T>=  74 '469;  also  the  mean  error  mp  and  the  probable  error  r>,  both  expressed 

in  units  of  the  sixth  place  of  decimals  in  the  logarithm,  viz:  i  1*654  and  d=  i*ii6, 

respectively;  hence  log.  distance  Mount  Helena  to  Mount  Diablo  5*032  332  46    and  the 

zt       I  116 

distance  107  728 '96    metres.     The  probable  error  corresponds  to  about  ^it^vttt  part  of 
d=    0*277 

the  length.     To  this  must  be  added  the  proportional  error  depending  upon  that  of  the 

107  729 
base  measure,  \iz:  o'oi6  3  X  —  — ^,  =  dzo'ioo  metre;  hence  probable  error  of  length 

of  side  Mount  Helena  to  Mount  Diablo  V(o*277)'  +  (o'loo)'  =  ±0295  metre. 
For  the  side  Mount  Tamalpais  to  Mount  Diablo  we  use  the  expression — 

Mount  Tamalpais  to  Mount  Diablo  _    sin  (7  —  5)  sin  (2  —  1)  sin  (12  —  11) 
Yolo  Base  ""  sin  (10  —  9)  sin  (26  —  24)  sin  (34  —  33) 

hence  the  function 

f=z  log  sin  (7  -5)4-  log  sin  (2  —  1)4-  log  sin  ( 12  —  11 )  —  log  sin  (10  —  9)  —  log  sin   (26  —  24) 

-log  sin  (34-33) 

Establishing    and    solving    the    transfer  •  equations,    we    get  -0=89796;    also 

nip  =  zh  I '817  and  rp=  ^i "225;  hence  log.  distance  Mount  Tamalpais  to  Mount  Diablo 

4*779  637  68  and  distance  60  205*71  metres.     The  probable  error  is  about  yTTVinr  part 
dr    I  22  d=   0*17 

of   the   length.     Combining  with  this  the  proportional  error  arising  from  the  base 

measure,  or  o'oi6  3  X ^^  =  ±0*056  metre,  we  have  probable  error  of  length  of 

side  Mount  Tamalpais  to  Mount  Diablo  V(o'i7)"  +  (0*056)'  =  zho'i8  metre. 

GENERAL  DESCRIPTION  OF  STATIONS  FORMING  THE  YOLO  BASE  NET,   CALIFORNIA. 

Yolo  Southeast  Base,  Yolo  County;  established  in  1876  by  G.  Davidson.  This 
station  is  situated  in  the  northwest  quarter  of  section  19,  township  8  north,  range  2  east, 
Diablo  meridian,  3^  miles  west  and  i>^  miles  south  of  Davisville  and  about  25  metres 
from  the  left  bank  of  Putah  Creek.     The  geodetic  point  is  marked  as  follows:  The  sub- 


*  Appendix  No.  9.  Report  for  1.S85. 
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surface  mark  is  a  fine  needle  hole  in  a  German-silver  plug  inserted  in  a  copper  bolt  in 
the  top  of  a  granite  block  35  inches  long  by  20  inches  square  at  the  base  and  dressed  to 
12  inches  square  at  the  top  and  having  the  letters  U.S.C.G.S.  deeply  cut  on  it.  The 
top  of  the  block  is  4^^  feet  below  the  surface  and  a  glass  hemisphere  is  placed  over  the 
copper  bolt.  The  surface  mark  is  a  fine  needle  hole  in  a  copper  bolt  set  in  lead  on  the  top 
of  a  granite  block.  25  inches  square  by  26  inches  deep,  having  the  letters  U.S.C.S.S.E. 
YOLO  BASE  cut  on  it.  The  top  of  this  block  is  even  with  the  surface  of  the  ground 
and  the  block  itself  is  in  the  center  of  a  solid  brickwork  pier,  having  a  base  of  70  inches 
square  at  a  depth  of  50  inches  below  the  surface,  battering  to  54  inches  square  at  the 
surface.  This  brickwork  was  carried  up  as  a  hollow  pier  to  a  height  33^  feet  above  the 
ground  and  capped  with  a  granite  slab,  40  inches  square  by  8  inches  thick  with  a  i  ^ 
inch  hole  in  the  center.  Charcoal  and  charcoal  dust  were  mixed  with  the  earth  in 
filling  in  around  the  subsurface  part  of  the  structure. 

Four  reference  marks  were  set,  consisting  of  granite  blocks  i  foot  square  and 
I J^  feet  high,  with  copper  bolts  and  drill  holes  on  the  top.  They  were  incased  in  brick- 
work with  their  tops  18  inches  below  the  surface.  Two  were  set  in  line  to  Northwest 
Base  at  distances  of  18  feet  ii^^  inches  and  327  feet  10  inches  from  the  center  and  two 
in  line  at  right  angles  thereto  eastwardlyat  distances  of  20  feet  five-eighths  inch  and  328 
feet  5t*^  inches  from  the  center. 

Yolo  Northwest  Base,  Yolo  County;  established  in  1876  by  G.  Davidson.  This 
station  is  situated  in  the  extreme  southeast  comer  of  the  southeast  quarter  of  section  28, 
township  10  north,  range  i  east,  Diablo  meridian,  4^^  miles  west  of  the  railroad  passing 
through  woodland,  and  immediately  on  the  north  side  of  the  county  road  running  west 
toward  Madison  and  Copay  Valley. 

The  marking  at  this  station  was  practically  identical  with  that  at  Southeast  Base, 
with  the  exception  that  the  hollow  brick  pier  was  carried  to  a  height  of  only  about  1 2 
feet  above  the  surface,  and  the  letters  N.W.  were  substituted  for  S.E.  on  the  granite 
blocks.     No  reference  marks  were  established. 

Vaca,  Solano  County;  established  in  1876  by  W.  Eimbeck.  This  station  is  situated 
in  the  southern  part  of  section  9,  township  6  north,  range  2  west  of  the  Diablo  meridian, 
on  the  dividing  ridge  between  Solano  and  Napa  counties,  about  7  miles  a  little  north  of 
west  from  Vacaville.  The  mountain  slopes  gently  to  the  eastward,  but  is  much  more 
precipitous  on  the  western  slope.  The  station  can,  however,  be  approached  from  either 
side.  Mr.  A.  J.  Raney,  living  in  1880  at  Gordon  Valley,  to  the  westward  of  the 
mountain,  is  referred  to  as  knowing  the  locality  well.  The  underground  mark  is  a 
soda-water  bottle  filled  with  sand,  buried  neck  upward;  the  top  is  1*18  feet  below  the 
surface,  and  has  a  copper  nail  stuck  in  the  sand.  Over  this  was  built  a  rough  stone 
pier  laid  in  Portland  cement.  The  center  mark  at  the  surface  is  a  copper  bolt,  five- 
eighths  inch  in  diameter  by  5  inches  long,  projecting  about  one-fourth  inch  and  having  a 
silver  pin  set  in  it,  set  in  cement  in  a  large  stone  in  the  center  of  the  pier. 

The  top  of  the  pier  is  3*44  feet  above  the  underground  mark.  The  astronomical 
piers  built  of  concrete,  situated  as  follows,  serve  as  reference  marks.  Vertical  circle 
pier  bears  south  6°  02'  east  (true),  distant  15*9  metres,  and  zenith  telescope  pier  south 
58°  42'  east  (true),  distant  72*1  feet  from  the  geodetic  point. 

Monticello,  Yolo  County;  established  in  1876  by  W.  Eimbeck.  This  station  is 
situated  in  the  extreme  northeast  corner  of  section  4,  township  9  north,  range  3  west  of 
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the  Diablo  meridian,  on  the  highest  summit  of  the  mountain  range  lying  between  the 
Sacramento  and  Berryessa  valleys,  about  5  miles  northward  from  the  town  of  Monticello 
in  the  lower  portion  of  Berryessa  Valley.  It  may  be  most  readily  approached  from  this 
town,  from  which  it  is  visible.  Its  location  is  well  known  to  the  people  of  the  neigh- 
borhood. The  lower  underground  mark  is  a  loaded  metallic  cartridge  placed  ball 
downward  in  a  half  inch  hole,  i  >^  inches  deep,  drilled  in  the  bottom  of  a  6-inch  round 
hole  I  foot  deep  excavated  in  the  sandstone  rock,  the  top  of  the  cartridge  being  2*5  feet 
below  the  surface.  Over  this  was  placed  a  stone  about  4  inches  square  and  i  foot  long, 
with  a  copper  bolt  in  the  top,  its  top  being  i  *  i  feet  below  the  surface.  A  rough  stone 
foundation  was  laid  over  this  and  crowned  with  a  large  stone  coming  even  with  the 
surface.  As  a  surface  mark  a  copper  bolt  five-eighths  by  5  inches,  with  a  silver  pin  in 
it,  was  set  in  cement  in  a  hole  drilled  in  this  stone.  The  bolt  projects  about  one-fourth 
inch  above  the  stone.  A  rough  stone  theodolite  pier  was  then  built  to  a  height  of  3 '84 
feet  and  capped  with  a  flat  stone  32  inches  square,  having  crosslines  on  it.  Reference 
marks  are  the  transit  pier  31*288  feet  north  and  3  687  feet  east  of  the  station;  the 
latitude  pier  31  '413  feet  north  and  8*823  feet  east  of  the  station,  and  the  vertical  circle 
pier  bearing  south  38°  17'  east  (true)  and  distant  19*786  metres  from  the  station. 

Mount  Diablo,  Contra  jCosta  County;  established  in  1852  by  R.  D.  Cutts.  Mount 
Diablo  is  a  prominent  and  well-known  peak  of  the  coast  range  of  mountains  about  26J^ 
miles  to  the  eastward  of  San  Francisco.  The  station  is  on  the  highest  summit,  about  3 
feet  from  the  starting  point  for  the  public  lands  sur\'ey  of  California,  and  can  be  readily 
approached  by  a  graded  wagon  road  reaching  the  summit  (1876). 

The  geodetic  point  is  marked  by  a  cross  cut  on  a  copper  bolt  firmly  cemented  in  a 
hole  drilled  into  the  solid  rock  of  the  mountain.  Over  this  a  brick  pier  was  built  3  feet 
3  inches  above  the  surface  (1892),  and  a  three-fourth  inch  copper  bolt  cemented  in  a 
hole  in  the  top,  with  a  cross  cut  on  it,  marks  the  point. 

The  reference  marks  are  the  latitude  and  transit  piers  built  of  brick,  distant  nearly 
due  west  167*84  feet  and  171*42  feet,  respectively,  from  the  geodetic  point. 

Mount  Helena,  Napa  County;  established  in  1876  by  W.  Eimbeck.  This  station  is 
situated  on  the  summit  of  Mount  Helena,  which  is  about  12  miles  distant  in  a  northerly 
direction  by  wagon  road  and  trail  from  Calistoga,  a  station  on  the  Southern  Pacific 
Railroad  73  miles  from  San  Francisco.  It  is  7  feet  i  Y\  inches  distant  in  a  southeast 
direction  from  a  basaltic  rock,  with  a  large  drill  hole  in  it,  marking  one  angle  of  the 
boundary  between  Lake  and  Napa  counties.  The  mountain  top  toward  the  south  and 
east  is  smooth,  but  falls  off  precipitously  and  is  very  rough  toward  the  north  and  west. 

The  geodetic  point  is  marked  by  a  fine  drill  hole  and  cross  cut  on  the  top  of  a 
copper  bolt,  one-half  inch  in  diameter  by  5  inches  long,  set  in  cement  in  a  drill  hole  and 
projecting  about  one-fourth  of  an  inch  above  the  bed  rock.  Over  this  was  erected  a 
brick  pier  for  the  theodolite  to  rest  on,  having  a  half-inch  drill  hole  on  the  top  to  mark 
the  station.  The  reference  marks  are  4  brick  piers  situated  as  follows:  Transit  pier  in 
a  south  southeast  direction,  distant  55  feet  11  inches;  latitude  pier  a  little  more  to  the 
eastward,  distant  58  feet  2>^  inches;  vertical  circle  pier  about  southeast,  distant  109' feet 
3j4  inches,  and  the  collimator  pier  a  little  west  of  north,  distant  7  feet  7)^  inches  from 
the  geodetic  point. 

Mount  Tamalpais,  Marin  County;  established  in  1852  by  R.  D.  Cutts.  This  station  is 
situated  on  the  highest  part  of  the  peninsula  north  of  San  Francisco  Bay,  about  10  miles 
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distant  from  the  Golden  Gate,  on  the  western  and  highest  of  three  peaks  on  the  bold 
ridge  running  east  and  west.  The  top  of  this  peak  is  tolerably  flat  and  the  station  is  on 
the  highest  part,  at  an  elevation  of  about  2  570  feet  above  the  sea. 

The  geodetic  point  was  re-marked  in  1881  as  follows:  The  underground  mark  is  a 
stone  bottle  set  in  concrete,  neck  up,  20  inches  below  the  surface,  around  and  above 
which  was  built  a  solid  stone  and  concrete  pier,  hexagonal  in  shape,  36  inches  in 
diameter  at  the  base,  and  battering  to  26  inches  at  the  surface  of  the  ground.  The 
surface  mark  is  a  copper  bolt  in  an  irregular  shaped  stone  set  in  the  middle  of  the  pier 
even  with  the  surface.  The  pier  was  continued  with  the  same  diameter  (26  inches)  to 
a  height  of  53  inches  above  the  ground,  having  on  its  top  a  J^-inch  copper  bolt  with  a  brass 
screw  in  center  as  a  station  mark.  At  a  height  of  24  inches  above  the  surface  another 
stone  bottle  was  set,  neck  up,  in  the  solid  concrete  pier. 

Three  other  concrete  piers  will  serve  as  reference  marks — one  bearing  north  76°  47' 
west  (true),  distant  i8"36  feet;  one  north  79°  48'  west  (true),  distant  23*20 feet,  and 
one  north  5°  54'  east  (true),  distant  41 '12  feet  from  the  geodetic  point. 

Holton  Base  Line,  Indiana,  18 gr. 

LOCATION,    MEASUREMENT,    AND   I^ENGTH. 

This  base  is  located  in  Ripley  County,  southeastern  Indiana,  with  its  middle  point 
in  latitude  39*^  03'*3,  and  in  longitude  85°  22''2  west;  the  azimuth  at  the  south  end  is 
175°  53''8.  The  length  of  the  base  is  5'50  kilometres  or  3*42  statute  miles  nearly,  and 
its  approximate  height  above  the  sea  level  is  283  metres.  Besides  the  measure  of  the 
base  by  a  contact -slide  apparatus,  test  measures  were  made  with  a  bar-in-ice  apparatus 
and  also  with  metallic  tapes.  The  last  two  means  as  applied  to  the  measures  of  length 
being  new  to  the  Survey,  a  full  account  of  the  apparatus  and  methods  employed  by  the 
observers  was  required,  and  will  be  found  in  Appendix  No.  8,  Coast  and  Geodetic 
Survey  Report  for  1892,  pp.  329-503.  The  general  charge  of  the  measurement  of  the 
Holton  Base  was  with  Assistatit  A.  T.  Mosman,  the  measures  and  experiments  with  the 
bar-in-ice  were  conducted  by  Assistant  R.  S.  Woodward,  and  the  experiments  with 
metallic  tapes  were  intrusted  to  Assistants  Woodward  and  O.  H.  Tittmann.  In  conse- 
quence of  these  several  operations  the  party  remained  in  the  field  during  June,  July, 
August,  September,  and  part  of  October. 

As  the  result  of  the  office  computation,  a  report  was  submitted  August  23,  1894,  t>y 
Assistant  C.  A.  Schott,  giving  in  Appendix  No.  5,  Coast  and  Geodetic  Survey  Report 
for  1894,  P^rt  2,  in  a  systematic  and  succinct  manner,  the  final  conclusions  reached; 
hence  it  suffices  to  restrict  this  account  to  brief  statements  respecting  the  outcome  of 
the  several  op)erations. 

The  site  of  the  base  was  selected  by  Assistant  Mosman  in  October  and  November, 
1890;  it  is  on  a  nearly  level  tableland  between  the  villages  of  Holton  and  New  Marion. 
The  line  passes  over  grassy  soil  and  plowed  fields,  and  in  part  through  woods.  At  cer- 
tain places  and  times  the  ground  was  found  wet  and  springy.  Its  elevation  was  obtained 
by  spirit-level  with  the  line  of  levels  from  Sandy  Hook,  New  Jersey. 

The  whole  length  of  the  base  was  measured  twice  with  the  contact-slide  apparatus, 
5-metre  steel  rods  Nos.  13  and  14,  once  forward  and  once  backward;  two  extra  measures 
were  made  of  part  of  it.     One  kilometre  of  the  base  was  measured  four  times  with  the 
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No.  9. 


1 


txv% 


bar-in-ice  apparatus  and  its  5-metre  steel  bar  No.  17.  There  were  made  besides  for  each 
of  the  six  sections  of  the  base  from  6  to  30  steel  tape  measures,  those  over  the  bar-in-ice 
kilometre  being  quite  numerous. 

The  terminals  of  the  base  are  marked  by  stone  monuments,  in  which  are  inserted 
copper  bolts  with  cross  lines  on  their  tops.    The  subsurface  mark  is  a  bolt  in  a  limestone 

post.  Section  stones 
were  set  at  i'2,  2*1,  3, 
4,  and  5  kilometres 
from  South  Base,  also 
at  3'9  and  4*9,  for  the 
measure  of  a  kilo- 
metre with  the  bar- 
in-ice.  At  the  camp 
near  Holton  there  was 
also  established  under 
a  covered  shed  a 
standard  100-metre 
line  or  hectometre, 
and  repeatedly  meas- 
ured with  the  same  ap- 
paratus for  the  pur- 
pose of  testing  the 
combined  length  of 
the  5-metre  contact- 
slide  barsand  of  stand- 
ardizing the  metallic 
tapes. 

Length  of  the  5- 
metre  steel  bar  No. 
17, — This  being  the  bar,  when  immersed  in  melting  ice,  to  serve  for  the  determination 
of  the  lengths  of  the  rods  Nos.  13  and  14,  the  first  step  taken  was  to  find  its  value  in 
terms  of  the  International  Prototype  Metre,  for  which  latter  No.  21  was  selected.  We 
have  the  following  results  from  elaborate  series  of  observations  made  at  Washington 
under  different  conditions  by  observers  Woodward,  Tittmann,  and  Siebert.  Both  No. 
17  and  No.  21  are  line  measures. 


StOlL 


Cutbertsan, 


StictnJtB  Miles 


I  n    M 


f= 


ft  10 

'Kilometres 

is 


30 


Ss 


Date. 

July,  1 89 1  (in  office  vault) 

February  and  March,  1892  (in  vault) 

April  to  May,  1892  (in  vault) 

July  and  August,  1892  (on  field  comparator  south  of  office  building) 

Weighted  Mean 


Length  of 
B,7  at  0°  C. 

5w— II  'oi/rhi  "4// 

5W-15 -4/^^07// 

$fn— 11  "iu±zi  'Sfi 

5w— 16  '6firtO  '4// 


Sm—16  ^//dto  '4M* 


It  was  noted,  however,  that  for  Woodward  and  Siebert,  observers,  there  obtained  an 
effect  of  a  personal  equation  which  made  the  length  5W  —  iS'opi  zfc  I'SA*. 


•When  referred  to  the  International  Metre,  this  pro'.)il)le  error  nr.ist  Ix?  increased  to  ±  I'l^  (Re7>ort  of  189^,  p.  391). 
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Determination  of  the  coefficient  of  expansion  of  rods  Nos,  ij  and  14., — Observations 
were  made  for  this  purpose  in  the  office  vault  by  Assistant  Tittmann  and  Mr.  L.  A. 
Fischer,  in  May,  1891,  with  the  following  results: 


For  rod  No.  13 


14 


o'ooo  on  776 

±:    27 

O'OOO  on  714 
±  29 


for  the  centigrade  scale 


The  length  of  the  s-metre  contact-slide  rods  Nos,  13  and  14, — Four  difiFerent  determina- 
tions were  made,  two  or  three  of  which  were  of  a  confirmatory  character  only. 

(a)  Comparisons  in  the  vault  at  Washington,  of  Nos.  13  and  14  with  No.  17  in  melt- 
ing ice,  observers  Woodward  and  Tittmann,  July,  1891.    Whence 

No.  13  =  5»f.  -f-  I  278/^  and  No.  14  =  5»j  +  i  297/i,  at  the  temperature  22° '2  C. 

and  using  for  the  length  of  No.  17  the  Woodward-Siebert  value.* 

(b)  Comparisons  of  the  combined  length  or  of  ^  (13  and  14)  made  at  the  hecto- 
metre line  in  the  Holton  camp,  observers  Woodward  and  Siebert  (July  to  October,  1891 ). 
Twelve  measures  of  this  line  were  made  with  No.  17  and  twenty-one,  by  Mr.  Tittmann, 
with  the  rods  Nos.  13  and  14  under  a  variety  of  conditions.     Whence  we  get 

2  (13+  14)  =  iom  +  2'6oSmm  at  22°'2  C. 

±5 

(c)  Comparisons  of  JS  (13-f-  14)  at  north  end  hectometre  of  the  Holton  Base. 
Four  measures  were  had  with  No.  17  and  thirteen  measures  with  the  two  rods,  in 
September,  1 89 1.     Whence  we  get  ' 

^  (13+  14)  =  iom+  2'6ogmm  at  22° "2  C. 

=±=6 

(d)  Comparison  of  the  2  (13  +  14)  at  the  Holton  Base  kilometre  3*9  to  4*9.  This 
distance  was  measured  4  times  with  No.  17  and  6  times  with  the  rods  in  August  and 
September,  1891..    Whence  we  have  for  the  above  temperature 

•2  (13+  14)  =  lom  +  2'6iSmm, 

±        5(?) 
The  value  finally  adopted  is 

10m  +  2'6iomm  at  22** '2  C. 

±5 

Tlhe  measurement  of  the  base, — The  measurement  of  the  base  proper  with  rods  Nos. 
13  and  14  was  made  between  July  28  and  August  13,  1891,  Assistant  Tittmann  being 
aided  by  Mr.  J.  F.  Hayford  and  part  of  the  time  by  Prof.  J.  H.  Gore.  Special  measures 
were  continued  up  to  October  6.  Pages  no  to  114  of  the  Coast  and  Geodetic  Survey 
Report  for  1894  (part  2)  give  all  needful  information  respecting  the  results  in  detail. 
The  following  two  tables  showing  the  discrepancies  of  the  forward  and  backward  measures 
of  subdivisions  of  the  base  are  taken  from  that  publication. 


•  When  joining  these  rods,  their  combined  length  must'be  increased  by  0-030  millimetre  for  slant  of  knife-edges. 
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Section  of  base. 

Forward 
measure. 

Backward 
measure. 

Differ- 
ence. 

m. 

m. 

mm. 

S.  Base  to  66th  bar 

330-002  4 

330*001  8 

40*6 

66 

139 

364  946  2 

364  '943  9 

+  2*3 

139 

240 

505  '075  8 

505  *o77  2 

-1*4 

240 

420 

899  964  5 

899*9684 

-3*9 

420 

600 

900  063  9 

900*063  6 

4-0  3 

600 

780 

900*018  7 

900*021  4 

-27 

780 

800 

99*995  9 

99*994  2 

780 

800 

•993  4 

•991  7 

Mean 

• 

•994  6 

993  0 

+1*6 

(800) 

(875) 

(374-874  7 

374*875  I 

(-0*4) 

(875) 

(980) 

(525*128  I 

525*125  4) 

(427) 

Sum 

I 

900*002  8 

900*000  5 

42*3 

800 

980 

900*004  9 

900*001  7 

+3*2 

Mean 

• 

900*003  8 

900*001  I 

427 

980          I 

000 

99*945  I 

99  946  0 

-o*9 

1 

I  000  to  N. 

2 

Base 

500  '799  4 

1 

500  '799  4        1            0  -o 

5  500  *8i4  4 

5  500  815  8 

-1*4 

Mean 

5  500*815  I 

tbove 

'  tabular  results  when  further  condensed  become  as  follows: 

Bar  numlier. 

Numbe 
of  bars 

'*'       Length. 

• 

Forward.      Backward.        ^^nce 

m. 

mm.               mm. 

mm. 

S.  B. 

to    240 

240 

I  200 

+   24*4            -1-    22*9 

41-5 

240 

420 

180 

900 

35*5               31  6 

-3*9 

420 

600 

180 

900 

+  63-9          -f  63  -6 

40 -3 

600 

780 

180 

900 

4-187          4  21  *4 

-27 

780 

980 

200 

I  000 

—     I  *5          —     6  0 

44*5 

980 

N.B. 

2 

120 

600 

-^744  *5          4745  '4 
+814-5          +8157 

-0*9 

5  500 

—  I  '2 

This  difference  for  the  space  780  to  980  is  derived  from  the  several  measures 
involved. 

The  length  of  the  base,  5  500*815  metres,  j^iven  above  is  yet  to  be  corrected  for  the 
small  change  made  in  the  length  of  the  combined  rods,  viz:  —  550  X  o'oi  millimetres 
or  —  5*5  millimetres.  We  may  also  substitute  the  lejigth  of  the  base  kilometre  as 
derived  from  the  bar-in-ice  apparatus  (999-996  6  metres)  for  the  value  derived  from 
the  rod  measures  (999-996  8);  whence  the  length  of  the  base,  5  500-809  metres. 

For  the  reduction  to  the  sea  level,  Mr.  Siebert  connected  bench  mark  LXVII  of  the 
transcontinental  line  of  spirit  levels  with  North  Base  and  the  base-line  levels.  The  north 
end  was  found  2*743  metres  above  the  southern  end  and  the  average  level  4*401  metres 
above  the  latter.  We  have  height  of  North  Base  281  '65  metres  and  of  the  average  base 
283-31  metres,  and  adding    1*16  metres  for  height  of  bars  above   ground,  we  have 
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284*47  metres.  From  this  must  be  subtracted  o*6i  metre,  a  correction  to  the  line  of 
levels  between  Sandy  Hook  and  St.  Louis  at  mark  LXVII,  making  the  reduction  to 
sea  level  =  —  0*245  5  metres  and  the  length  of  the  base  5  500*564  metres. 

Probable  error  of  the  measure  with  the  coniact'Slide  rods. 

Let  Si  =  length  of  first  section  and  d^  the  difference  of  forward  and  backward  measures, 

Ja  =  length  of  second  section  and  d,  the  difference  of  forward  and  backward  measures, 
etc.  etc. 

Sn  =  length  of  //  section  and  dn  the  difference  of  forward  and  backward  measures, 

then  the  mean  error  of  a  single  measure  of  the  unit  of  length,  here  assumed  one  kilo- 

— ^___— _.  ■  _^ 

metre,  w,  =     /_Lr_  L  and  the  mean  error  of  a  double  measure  »i„  =  i-    /-Lj       H  and 

the  probable  error  of  a  double  measure  of  length  /,  becomes  r  =  0*674  5     /—I—  1 

We  get 

»«,=  db  2'oi  millimetres  and  r=  ijz  2*24  millimetres. 

The  probable  error  of  ^  (13  +  14)  has  been  estimated  at  ±  0*005  millimetre,  and 
since  there  are  550  double  bars,  the  error  arising  from  this  source  is  dz  275  millimetres. 
The  question  of  the  relative  temperature  of  the  rods  (axes)  and  the  attached  thermometers 
was  inquired  into,  but  the  relation  was  too  uncertain  to  admit  of  a  general  deduction. 
Whatever  error  may  arise  from  this  cause  is  included  in  the  above  value  of  r.  Any 
error  in  the  correction  of  the  thermometers  would  be  felt  as  a  constant,  and  supposing 
it  to  be  rb  o^  '03  C.  the  effect  on  the  base  would  be  zfc  i  *94  millimetres.  An  uncertainty 
in  the  height  of  the  base  of  it  0*6  metre  would  produce  an  error  of  ±  0*53  millimetre. 
Combining  these  four  probable  errors,  we  find  for  the  base  ±4*1  millimetres  or  about 
T  yio  TTT^TT  of  the  length.* 

At  the  south  end  the  triangulation  station  was  6  millimetres  inside  the  line  as 
marked  by  the  monument.  As  a  side  of  the  triangulation,  therefore,  we  have 
5  500*558  metres  and  its  logarithm  3*740  406  8. 

±4  -:t3 

As  already  stated,  certain  experimental  work  undertaken  at  the  Hoiton  Base  had 

for  its  object  the  inquiry  into  the  practicability  of  applying  long  metallic  tapes  or  wires 
for  the  measurement  of  principal  base  lines.  The  practical  methods  applied  and  the 
apparatus  used,  as  well  as  the  theory  of  such  measures,  are  given  in  Appendix  No.  8, 
Coast  and  Geodetic  Survey  Report  for  1892,  Chapter  IV,  pp.  413-490,  and  it  will  here 
suffice  to  exhibit  the  differences  in  length  resulting  from  certain  measures  by  bars  and 
tapes.  A  condensed  account  of  the  facts  brought  out  will  be  found  in  Coast  and  Geo- 
detic Survey  Report  for  1894,  part  2,  pp.  11 4- 116.  At  Hoiton  two  loo-metre  steel 
tapes,  supported  generally  at  intervals  of  10  metres,  were  standardized  at  the  camp 
hectometre  under  given  tension  and  temperature,  and  were  subsequently  used  on  the 
base  itself.  It  was  thought  that  whatever  advantage  and  disadvantage  a  tape  measure 
may  have  over  a  bar  measure  could  here  be  realized;  it  is  evident  that  the  main 
advantage  of  the  tape  lies  in  its  long  unit  of  length  and  the  ease  with  which  measures 
of  a  line  can  be  repeated  when  once  the  ground  has  been  prepared.     But  to  secure 


•For  final  result  see  further  on. 
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these  advantages  a  standard  length  must  be  provided  for  by  other  means  (i.  e.,  bar 
measures)  and  the  ground  must  be  suitable  for  the  driving  of  stakes  and  maintaining 
their  horizontal  and  vertical  alignment.  The  main  uncertainty  in  the  results  from  tape 
measures  lies  in  the  difficulty  of  knowing  the  temperature  of  the  tapes  under  various 
atmospheric  conditions  during  the  day  as  well  as  during  the  night;  hence  what  we 
have  to  fear  are  constant  errors  due  to  this  cause. 

Three  measures  by  Assistant  Woodward  in  August  and  October,  1891,  with  the 

bar-in-ice  No.  17  gave  the  length  of  the  camp  hectometre  He  =  100 "039  16 

08 
01 

The  same  distance  was  gone  over  77  times  between  August  6  and  October  9,  1891, 
with  tape  No.  85,  and  85  times  between  August  i  and  October  9  with  tape  No.  88, 
the  temperature  during  these  measures  ranging  between  32° 'i  C.  and  3^*5  C.  The 
resulting  lengths  of  the  tapes  were: 


m. 


mm. 


100*003  50+  1*094  7  ^ 
T^  =  100-005  95  +  1*091  4  ^ 


85 


with  the  probable  error  of  a  single  measure  of  the  length  of  the  tape  No.  85,  ±0*17 
millimetre  and  of  the  tape  No.  88,  io'22  millimetre.  The  standard  lengths  of  the 
tapes  being  known,  30  measures  of  the  base  kilometre  were  made  and  compared  with 


m. 


mm. 


mm. 


the  supposed  true  length  K=  i  000  —  3*4  ± 0*4,  viz: 


Date. 
1S91. 

Time  of  day  or  night. 

No.  of 
measures. 

Error  of 

measure 

observed— 

true  value. 

h,  fft. 

h,  tn. 

fntftm 

Sept.     8 

5  25 

to  7  12  p.  m. 

3 

4-3*2 

23 

6  27 

9  32 

4     . 

3-0 

30 

6  33 

7  55 

2 

-    0-4 

Oct.       I 

6  50 

8  07 

2 

-    06 

2 

6  48 

7  55 

2 

-f      2-0 

3 

2  56 

438 

4 

-    4-6 

7 

10  02 

II  31  a.  tn. 

5 

—  10 'O 

8 

7  44 

9  58  p.  m. 

8 

-    0-4 

The  day  measures  are  considerably  in  error,  while  the  night  measures  appear  fairly 
correct. 

The  following  table  exhibits  a  comparison  between  the  results  of  the  bar  and  tape 
measures  of  the  length  for  the  several  sections  of  the  base.  Two  sets  of  results  are 
given  for  the  tape  measures,  one  depending  solely  on  night  (after  sundown)  measures, 
the  other  depending  on  night  and  day  measures  and  after  a  certain  correction  had  been 
applied  for  the  case  of  insolation.  Some  results  of  August  27  and  28  and  all  of  September 
4  were  rejected. 
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Section  of  base  line. 


No.  of 
measures. 


South  Base  to  i  '2  km. 
I  '2  km.  2  'I  km. 


2  *i  km. 

3  'o  km. 

3  '9  ^^' 

4  '9  km. 

Sum 


3*0  km. 

3  '9  ^in. 

4  '9  km. 
North  Base. 


7 
8 

7 
6 

30 
(12  and  7) 


Length  of 
section. 


I    200-h    23*6 
900—    33-6 

900+  63  -8 

900-i-  20 'o 

I  000—    3*8 

600-f  745  o 
5  500+815  -o 


Length  by  tapes 

integer  metres 

-f  or  — . 


mm. 

-h  30*0 

—  30*0 
-f  677 
-r  17 'o 

-  3-6 
+750-9 


mm. 

-f  30*0 
—  30-2 

+  65-4 
+  16 -4 
-32 
4-750  'o 


5  500 
+832  -o 


5  500 
-f  828  "4 


Bar  minus 

tape. 

Night 
measures. 

mm.  ' 

-  6-4 

-  3-6 

-  3*9 

+  3"o 

—   0*2 

-  5 '9 


—  17  'O 


From  46  tape  measures,  covering  6  sections  of  the  base,  the  observer  deduces  the 
probable  error  of  a  measure  (of  a  single  tape)  ±  0*55  millimetse,  and  that  of  the  single 
measure  of  a  kilometre  db  i  '74  millimetres,  which  equals  nearly  5^^  ,^1^,^  part  of  the 
length ;  yet  the  length  of  the  base  from  the  bar  and  tape  measures  differs  17  millimetres,* 
that  is,  by  its  si'^isiyjF  part.  The  observer  assigns  ±3*68  millimetres  for  the  probable 
error  of  the  base  from  tape  measures.  The  reduction  to  sea  level  for  the  tape  measures 
is  —  0*245  o  metre  and  the  length  of  the  base  is  5  500*587  metres. 

We  may  take  the  simple  mean  or  i  (5  500*564  +  5  500*587)  or  5  500*576  ±7*7 
millimetres,  where  the  probable  error  appears  largely  increased  in  consequence  of  the 
above  discrepancy  between  the  bar  and  tape  results;  it  is  about  Tii'^yr^  P^rt  of  the 
length. 

Length  of  base  between  monuments  5  500*576  and  its  logarithm  3740  408  17 

±4  ±32 

Length  of  base  as  side  of  triangle  5  500*570  and  its  logarithm  3740  407  70 

±4  i:  32 


ABSTRACT   OF    RESULTING  HORIZONTAL   DIRECTIONS,   OBSERVED   AND  ADJUSTED   AT  THE  STATIONS 

FORMING  THE  HOLTON  BASE  NET,  1889-90. 

Holton  North  Basey  Ripley  County,  Indiana.  November  13  to  November  18,  1890.  30-centimetre 
theodolite.  No.  118.  Telescope  above  ground  30*94  metres.  A.  T.  Mosman  and  W.  B.  Fairfield, 
observers. 


No  of 
direction. 


24 

25 
26 

27 


Objects  observed. 

Glasgow 

Correct 

Holton  South  Base 

Green 


Resulting  dircc-  Approximate 

tions  from  station  probable 

adjustment  error. 

o       /         //  .           // 

O     00     00*00  ±0'I2 

66    02     3334  10 

109    00    45*41  'il 

215     36     23*49  19 


Corrections 

from  base-net 

adjustment. 

// 

-0-35 
-fo*l8 

4-o*i6 

0*00 


Final  seconds 

in 
triangulation. 


59  65 
33 '52 
45*57 
23 '49 


Probable  error  of  a  single  observation  of  a  direction  (/?.  and  ^. )  =  rfc  o'^*7o. 


*And  23  millimetres  as  finally  given. 
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ABSTRACT  OF  RESULTING    HORIZONTAL    DIRECTIONS,   OBSERVED  AND  ADJUSTED,   AT  THE  STATIONS 

FORMING  THE  HOLTON  BASE  NET,  1889-90 — continued. 

Holton  South  Base^  Ripley  County,  Indiana.  November  6  to  November  12,  1890.  30-centimetre 
theodolite,  No.  118.  Telescope  above  ground  30*94  metres.  A.  T.  Mosman  and  W.  B.  Fairfield, 
observers. 


No.  of 
direction. 

Objects  oliscrvcd. 

21 

Holton  North  Base 

22 

Glasgow 

23 

Correct 

20 

Green 

Resulting  direc- 
tions from  station 
adjustment. 

o       /  // 

O      00      00*00 

40  32  07  -51 
106  58  54*57 
308     26     09  '05 


Approximate      Corrections      Final  seconds 
probable       from  base-net  in 

error.  adjustment,      triangulation. 


drO'II 
•10 
•12 

•17 


ft 
-013 

— o*i6 
+0*14 

+015 


07*35 

5471 
09*20 


Probable  error  of  a  single  observation  of  a  direction  (/?.  and  A*. )  =  zb  0^^*68. 


Mud  Lick^  Jefferson  County,  Indiana.     August  29  to  September  i,  1890.     30-centimetre  theodolite, 

No.  118.     A.  T.  Mosman  and  W.  B.  Fairfield,  observers. 


29 

Correct 

30 

Culbertson 

28 

Stout 

0      /        // 

// 

ff 

// 

0     00     OO'OO 

±0*14 

+o'47 

00  47 

71    51    23*22 

•II 

—0*19 

23*03 

247   58   54*69 

*ii 

—0*28 

54*41 

ation  of  a  direction  (/>.  and  R.\ 

=  ±0'^ 

72. 

Reizin^  Ripley  County,  Indiana.     September  21  to  September  28,  1889.     30-centimetre  theodolite, 
No.  118.     Telescope  above  ground  35*81  metres.     A.  T.  Mosman,  observer. 


I 

2 


Glasgow 

Tanner 

Stow 

Culbertson 

Correct 


o  /  //  // 

o  00  00*00  zi=o*i3 

161  59  13*94  '13 

215  26  34^50  -12 

255  56  07*78  -14 

318  50  47*95  *i2 


// 


// 


—0*14 


59-86 


— 015 
-|  0*29 


07*63 
48-24 


Probable  error  of  a  single  observation  of  a  direction  ( D.  and  A*. )  =  rh  o''*79. 

Culbertson,  Switzerland  County,  Indiana.     June  7  to  June  19,  1890.     30-centimetre  theodolite.  No.  118 

Telescope  above  ground  35*81  metres.     W.  B.  Fairfield,  observer. 


4 
5 


Telescope  above  ground  35*81  metres.     W.  B.  Fairfield,  observer. 

o  /                //  //  // 

Reizin                                                    o  00  00  *oo  ±0  *o8              — o  *42 

Stow  71  44  14*42 

Dry  Ridge  96  41  06  -92 

Mud  Lick                                         265  16  50*27  -lo              —0*04 

Correct                                              328  10  57*51  10              +0*46 


±0*08 
*ll 

•13 
•10 

■10 


// 


59  58 


50-23 
57*97 


Probable  error  of  a  single  observation  of  a  direction  ( D.  and  A*. )  ^  =b  o'^*64. 
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ABSTRACT  OF  RESULTING    HORIZONTAL    DIRECTIONS,   OBSERVEn  AND  ADJUSTED,   AT  THE  STATIONS 

FORMING  THE  HOLTON  BASE  NET,  1 889-90— continued. 

Glasgow^  Ripley  County,  Indiana.  June  24  to  July  i,  November  21  to  November  23,  1890.  30-centi- 
metre theodolite,  No.  118.  Telescope  above  ground  35  "81  metres.  A.  T.  Mosman  and  W.  B. 
Fairfield,  observers. 


No.  of 
direction. 


15 
16 


17 
18 

IQ 


Objects  observed. 

Reizin 

Correct 

Holton  South  Base 
Holton  North  Base 
Green 


Resulting  direc- 
tions from  station 
adjustment. 

Approximate 

probable 

error. 

Corrections 

from  base-net 

adjustment. 

Final  seconds 

in 
triangulation. 

0       / 

// 

// 

// 

ff 

0     00 

00 'OO 

iO'II 

0-33 

W^i 

58     15 

27-56 

•09I 
•15/ 

-fo-51 

28  -07 

lOI     36 

56-15 

-II» 

—0*07 

56-08 

132  04 

02-37 

-17* 

4-0-41 

02  -78 

154    19 

54*47 

•13 

—0-52 

53*95 

Probable  error  of  a  single  observation  of  a  direction  (Z>.  and  ^. )  =  ±  o^^'ll- 
•  The  directions  marked  by  a  *  depend  on  the  probable  error  ±  o"'\s  of  "Correct  *'  during  the  second  occupation. 

Correct^  Ripley  County,  Indiana.     July  3  to  August  27,  and  November  25  to  November  30,  1890.     30- 
centimetre  theodolite,  No.  1 18.     A.  T.  Mosman  and  W.  B.  Fairfield,  observers. 


0 

/ 

// 

// 

n 

// 

7 

Glasgow 

0 

00 

00 -oo 

drO-o8|^ 
-18) 

— 023 

59*77 

8 

Reizin 

80 

35 

19-93 

•II 

+0-15 

20*08 

9 

Culbertson 

T65 

51 

38-47 

•15 

-}-o-ir 

38-58 

10 

Mud  Lick 

211 

06 

09-57 

•16 

0-49 

09-08 

II 

Stout 

241 

49 

02  -23 

•H 

+0-84 

03-07 

12 

Holton  South  Ba.se 

289 

48 

14-74 

•16* 

4-0 -22 

14-96 

^3 

Green 

303 

52 

33 -77 

-12 

—0*41 

33  36 

14 

Holton  North  Base 

319 

51 

08  37 

-16* 

—0-19 

08 -18 

Probable  error  of  a  single  observation  of  a  direction  \D.  and  ^. )  =  .-b  ©'''-84. 
^The  directions  marked  by  a  *  depend  on  the  probable  error  £  o"  *  18  of  *'  Glasgow  "  during  the  second  occupation. 

Stoutf  Jefferson  County,  Indiana.     August  29  to  September  13,  1890.     30-centimetre  theodolite,  No. 

147.     Telescope  above  ground  41*91  metres.     J.  B.  Boutelle,"  observer. 


36 
37 
38 


0 

/ 

ff 

// 

ff 

ff 

0 

00 

00-00 

±0-13 

32 

33 

05-72 

•24 

+0-14 

05 -86 

74 

01 

21  'OI 

•20 

—0*17 

20*84 

III 

17 

21-59 

•22 

-ro-o3 

21  '62 

224 

28 

07-36 

•32 

287 

48 

14-96 

•26 

Tripp 

Green 

Correct 

Mud  Lick 

Holman 

Miller 

Probable  error  of  a  single  observation  of  a  direction  (/>.  and  ^. )  =  ±  1^^-38. 
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ABSTRACT  OP  R£SUI.TING   HORIZONTAI«   DIRECTIONS,  OBSERVED  AND  ADJUSTED,   AT  THE  STATIONS 

FORMING  THE  HOLTON  BASE  NET,  1889-9O— completed. 

Greefiy  Jennings  County,  Indiana.  July  11  to  August  14,  and  November  19  to  November  20,  1890. 
30-centimetre  theodolites,  Nos.  118  and  147.  Telescope  above  ground  4679  metres.  J.  B.  Bou- 
telle  and  W.  B.  Fairfield,  observers. 


No.  of 
direction. 

Objects  observed. 

Resulting  direc- 
tions from  station 
adjustment. 

1 

Approximate 
probable 
error. 

Corrections 

from  base-net 

adjustment. 

Final  seconds 

in 
triangulation. 

0 

/ 

ff 

// 

// 

ff 

Tripp 

0 

00 

00 'OO 

±0'I2 

Weed  Patch 

49 

57 

43  52 

•20 

31 

Glasgow 

222 

13 

20*09 

•16 

+015 

20*24 

32 

Holton  North  Base 

235 

33 

52  93 

'22 

-j-OTO 

53*03 

33 

Correct 

250 

01 

28-54 

•20 

—0-15 

28*39 

34 

Holton  South  Base 

257 

24 

24  18 

•18 

+0-41 

24  59 

35 

Stout 

326 

29 

45-14 

•20 

—0-51 

44-63 

No. 

1 

I 

0 

2 

0 

3 

0 

4 

0 

5 

0 

6 

0 

7 

0 

8 

0 

9 

0 

10 

0 

II 

0 

12 

0 

13 

0 

14 

0 

=+ 


=  + 


=  4- 


15  .  o  =  - 


Probable  error  of  a  single  observation  of  a  direction  (Z>.  and  -^. )  =  di  i^^'is- 

FIGURE  ADJUSTMENT. 

Observation  equations  J*" 

0*17  -f  (14)  —  (12)  -f  (23)  -  (21)  -f  (26)  -  (25) 
073  4-  (7)  -  (12)  -f  (23)  -  (22)  -h  (17)  -  (16) 
o'i3  -f  (34)  -  (32)  +  (27)  -  (26)  +  (21)  -  (20) 
o'5o+  (34)  -  (31)  +  (19)  -  (17)  +  (22)  -  (20) 
i'33  +  (24)  -  (27)  -f  (32)  -  (31)  -r  (19)  -  (18) 
I-I4  +  (33)  -  (31)  -f  (19)  -  (16)  4-  (7)  -  (13) 
0784-  (3)-  (2)4-  (8)-  (7) -f  (16)- (15) 
o*49-^  (6)-  (5)4-  (9)-  (8)4-  (2)-  (i) 
1-93  4-  (37)  -  (36)  4-  (35)  -  (33)  4-  (13)  -  (n) 
2-28  4-  (29)  -  (28)  +  (38)  -  (37)  +  ( II )  -  ( 10) 
076  4- (30) -(29)  T-(io)-  (9)4-  (5)--  (4) 
4*5-0*76(7)  -2-88(12)  -f3'64(  14)  -  2*23(16) 

-2-99(26) 
2*1 -1-98(17) -3-58(18)   ^- 1-60(19) -^0-73(24)- 1*36(26)  4-0*63(27)  4-2*98(31) -5*25(32) 

-f  2*27(34) 
13*9 -0*76(7)  -  7*64(  12)  4- 8*4o(  13)  -  2-23(  16)  4- 3'83(  17)  -  I'M  19)  -  ^•98(304- 16*25(33) 

-r  I3'27(34) 
3*4  -  1-07(1)  4-  3*48(2)  -  2*41(3)  -  i-o8(4)  4-  4*47(5)  -  3'39(6)  -  1-30(15)  4-  1*07(16) 
4-0*23(19)    4-  0*85(28)    -   o-i6(2q)    -  0*69(30)   -  3-99(30   -^  4-50(33)   -  0*51(35) 
-  -  2-39(36)  -f  5-16(37)  -  2*77(38) 


5*81(17)  -  3*58(18)  4-  0-73(24)  -u  2*26(25) 


*The  net  contains  11  angle  and  4  side  equations ;  the  coefficients  in  the  latter  refer  to  the  sixth  place  in  the  log  s. 


(I) 

(a) 
(3) 
(4) 
(5) 
(6) 
(7) 
(8) 
(9) 

10) 

") 
") 
13) 
14) 

15) 
i6) 

17) 
i8) 

19) 
») 

21) 
22) 

23) 
M) 
25) 

26) 

27) 

28) 
29) 

30) 
31) 
32) 
33) 
34) 
35) 
36) 
37) 
38) 
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FIGURE  ADJUSTMENT — continued. 
Correlate  equations, 

Cx        Ca        C3        C4        C5        C«        C7       C8 


C9 


Cit 


Cia 


Cx3 


C14 


t  •  •  •  • 


+1 


+x 


—  I 

—I 

+1 

+x 

•  •  • 

—  X 

+x 

—  X 

+x 

— 1 

+x 

— X 

+x 


•  •  •  •  • 


—I        — X 


— X 


—I 


+x 


— X 

+x 


— X 

+x 


+x 


— X 

+1 


—  I 

+1 

—I 

+1 


—  X 

+1 


—I 

+1 


—I 

+1 

—I 

+  X 


— X 

+x 


— 1 

-X      +x 


+x 


•••  •••  ••• 


+1 


•••  •••  •■• 


•  ■  •  •  •< 


—I 

+1 


—I 


I  •  •  •  •  I 


—I 


—I 


—I 

+x 


—I 


+1 


+1     +1 


•  •  •  •  •  I 


— X 

+1 

—I 
4-1 


0-  + 

0-17 

+ 

o'73 

+ 

o'i3 

+ 

050 

+ 

I '33 

+ 

I -14 

— 

078 

+ 

049 

+ 

1*93 

— 

2  28 

+ 

©•76 

+  4'5 

+ 

21 

+  13 '9 

- 

3  4 

•76 


0*76 


Normal 

equations. 

c« 

Co 

C3 

C4 

Cs 

C6 

C7 

C« 

C9 

Cxo       Ch 

Cn 

+6 

+  2 
+6 

—2 

+6 

—2 

-»-2 

+6 

—2 
+2 

+  2 
+  2 

—2 

+  1-27 
+  10*16 
+  299 
-  5 'Si 

• 

• 

« 

• 

+6 

+  2 

+6 

—2 

+6 

—2 
+6 

—2 

—2 

+  4 '31 
+  I '47 
-  I '47 

• 
• 

• 

• 

• 

• 

• 

• 

■ 

+6 

• 

—  2 

+6 

+6 

+88-25 

Ci3 


Cu 


-I  07 

+3 '48 
-2  41 
-I  08 

+4  "47 
-3  "39 


-2-88 

-7-64 
+  8*40 

-»-3-«4 

-1-30 

-a -23 

-   223 

+I-07 

+5*8x 

+  1-98 

+   3-83 

-3*58 

-3-58 

+1-60 

-    I -60 

+0-23 

+073 

+073 

•  •  • 

+2-26 

-2  99 

-1-36 
+063 

— X 

+085 

+x 

—I 

-0*16 

■  •  • 

+x 

«       ■  ■ 

1  •  ■ 

-0*69 

+298 

—    2 

•98 

-3'99 

-5 '25 

+  16 

■25 

+4-50 

+  2-27 

-J3 

•27 

*     •••••• 

-0-51 
-2  39 

—I 

+5' 16 

-*■: 

-277 

Cx55 


- 1-36 

— 

7-64 

- 

+  1-98 

4. 

12-94 

— 

107 

+  9  "51 

— 

13*27 

-  1  09 

— 

1572 

+ 

4 -22 

-  2  95 

+ 

1-3^ 

+ 

4-22 

-  i-3« 

i- 

10-70 

+ 

7 '65 

■"" 

1-47 

•^ 

3 '52 
3-31 

— 

7-ft5 

+ 

2  54 

• 

• 

0- 

8  94 
5  02 

+  28-92 

+ 

49  So 

— 

2 '39 

+63  -67 

— 

33-98 

— 

11-52 

+600  74 

+  82-25 

+132*25 
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Resulting  values  of  correlates. 


c.= 

=— 0-I86 

c«= 

=— 0  -422 

C„= 

=— o-ioi 

c. 

-fo  -322 

C7 

—0-164 

C„ 

— o-ooi 

2 

C3 

0-313 

c. 

-f  0  -010 

C.3 

—0  -022 

9 

04 

-f  0  -162 

c. 

—0  -/t48 

Cu 

—0-046 

3 

C5 

—0  -329 

c.. 

+0-388 

Cxs 

+0-128 

I 

Corrections  to  angular  directions. 

// 

// 

ff 

// 

(i; 

>=-o-i47 

(u: 

I-+0-836 

(21: 

l=— 0-127 

(31) 

=+0-148 

(2; 

1     -f-o  '292 

("1 

1       -f-O  "221 

(22; 

1     — o-i6o 

(32) 

+0-104 

(3; 

)     -0-I45 

(13; 

)           0-415 

(23; 

1     +0-136 

(33) 

—0  -150 

(4; 

\     -0  -037 

(14: 

1       —0  -190 

(24; 

)        0  -347 

(34) 

+0-41 1 

(5: 

1     -f  0  -462 

(15; 

)           0-331 

(25; 

\     +0-183 

(35) 

0-513 

(6: 

)     -0  -424 

('6; 

1       +0  -507 

(26; 

1     -f  0-162 

(36) 

--0-142 

(7; 

1       —0  '228 

(17; 

1       —0  -070 

(27; 

1     +0  -002 

(37) 

0-I75 

(8' 

1     H-0-I54 

(is; 

1      +0-415 

(28; 

1     —0  -279 

(38) 

+0-033 

(9' 

1       -f-O'III 

(19; 

1       —0  -522 

(29; 

)     +0  -469 

('o; 

1      0-489 

(20: 

1       +O-I5I 

(30; 

)     —0-189 

,            f  2  of -{-corrections  4 '939,       also  ^pry  = 

+  3  758, 

^ncc 

l2of- 

-  corrections  4  -938 

—  2(»C  = 

+  3  756 

Mean  error  of  an  ohsi^rwed  direction  w,  =z  j\=E. — i  =  -♦-  o'/'5o  where  n  =  number  of  conditions, 
and  mean  error  of  an  angle  m     =  m,  \/2=^  ±0^^-71,  also  probable  error  of  the  same  dz  0^^*48. 


TRIANGLES  OF  THE  HOLTON  BASE  NET,  INDIANA. 


No.  Stations. 

Correct 

Holton  South  Base 

Holton  North  Base 

Glasgow 
2  <   Correct 

Holton  South  Base 


Glasgow 

Correct 

Holton  North  Base 


Glasgow 
4  I   Holton  South  Base 
Holton  North  Base 


Observed  angles. 

o  /  // 

30  02   53-63 

106  58  54-57 

42    58    12-07 


00-27 
43  21  28  -59 
70  II  45  "26 
66  26  47  -06 


00-91 

73  48  34*81 
40  08  51  -63 
66    02    33  -34 


5978 

30    27    06  -22 

40    32    07  -51 

109    00    45  -41 

59  14 


^i<^--     anSs. 

//  // 

— o  -41      53  -22 

+0  -26      54  -83 
—0-02      12-05 


Spher- 
ical 
excess. 


0-03 
003 
0*04 


Log  J. 


-0-58 

-o*45 
+0-30 

— o-io 
—0-04 

+0-53 

+0-48 
—0-04 
+0-51 


28-01 
44 -81 
47-36 

3471 
51*59 
33*87 

06-70 

07*47 
45  92 


o-io 
0-06 
0-06 
0*06 

0-18 
0-05 
o-o6 
0-06 

0*17 
0-03 
0-03 
0-03 

0-09 


3  -740  407  7 

4  -021  444  9 
3 -874  346  o 


Distances 
in  metres. 


5  500-570 
10  506*18 
7  487  -66 


3  -874  346  o  7  487  -66 
4-011  195  8  10  261  -14 
3  999  893  9       9  997  -56 


4  021  444  9 
3  -848  417  4 

3  999  893  9 

3  -740  407  7 

3  -848  417  4 

4  on  195  8 


10  506  -18 

7  053  71 
9  997  *56 


5  500*570 

7  05371 
10  261  '14 
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TRIANGLES  OP  THK  HOI*TON  BASE  NET,  INDIANA— Continued. 


;no. 

Stations. 

Observed 

angles. 

Correc- 
tions. 

V3UUC1  - 

ical 
angles. 

icaI 
excess. 

Log^. 

Distances 
in  metres. 

0 

// 

// 

ff 

// 

// 

Green 

13 

20 

32-84 

-0*04 

32-80 

004 

3  -848  417  4 

7  053  -71 

5 

Glasgow 

22 

15 

52*io 

0-94 

51  '16 

0*04 

4  -063  736  7 

II  580-75 

HoltonNorthBa.se 

144 

23 

36-51 

-035 

36-16 

0*04 

4  -250  322  2 

17  795  -99 

« 

01-45 

0-I2 

Green 

27 

48 

08 '45 

—0-30 

08  15 

0-15 

3  999  893  9 

9  997  56 

6 

Glasgow 

96 

04 

26*91 

—  1*03 

25-88 

015 

4  -328  671  I 

21  314-30 

.  Correct 

56 

07 

26  23 
01-59 

4-0-19 

26-42 

0-15 

0-45 

4  -250  322  4 

17  796-00 

Green 

35 

II 

04  09 

+0-26 

04-35 

0-I2 

4 -on  195  8 

10  261  -14 

7 " 

Glasgow 

52 

42 

58-32 

0-45 

57-87 

0-I2 

4*151  332  3 

14  168-78 

»  '  "* 

.  Holton  South  Base 

92 

05 

58-46 
00-87 

—0-31 

58-15 

013 

o'37 

4  -250  322  4 

17  796-00 

Green 

14 

27 

35*61 

—0-25 

35-36 

o-o6 

4  -021  444  9 

10  506  -18 

8^ 

Holton  North  Base 

149 

33 

50-15 

— o-i8 

49-97 

0*05 

4  -328  671  I 

21  314-30 

Correct 

15 

58 

34-60 
00  36 

-fo-23 

34-83 

0*05 
o-i6 

4  -063  736  9 

II  580-75 

Green 

21 

50 

31  25 

+0-31 

31-56 

0-05 

3  -740  407  7 

5  500-570 

9 

Holton  North  Base 

106 

35 

38-08 

— o-i6 

37-92 

0-05 

4 -151  332  3 

14  168*78 

.  Holton  South  Base 

51 

33 

50-95 

—0-28 

50-67 

0-05 
0-15 

4  -063  736  8 

II  580-75 

00-28 

Green 

7 

22 

55-64 

+0-56 

56-20 

0-04 

3  -874  346  0 

7  487  -66 

10 

Correct 

14 

04 

1903 

—0-64 

18 -39 

0-03 

4*151  332  3 

14  168-78 

Holton  South  Base 

158 

32 

45-52 

— O'OI 

45*51 

0*03 
o-io 

4  -328  671  I 

21  314-30 

00-19 

Reizin 

41 

09 

12  05 

-0-44 

II  -61 

o-ii 

3  '999  893  9 

9  997  -56 

II 

Correct 

8c 

35 

19*93 

+0*38 

20-31 

Q-IO 

4  *i75  733  8 

14  987  -66 

Glasgow 

58 

15 

27*56 

-fo-99 

28-40 

O-II 

0-32 

4 -III  254  5 

12  919*76 

59*54 

r  Culbertson 

31 

49 

02*49 

—0-89 

oi  -60 

0*24 

4*111  254  5 

12  919*76 

12 

Correct 

85 

16 

18-54 

—0-04 

18-50 

0-23 

4  *387  791  5 

24  422  *58 

,  Reizin 

62 

54 

40-17 

+0-44 

40*61 

0-24 
0-71 

4  *338  809  3 

21  817*72 

01  -20 

'  Mud  Lick 

71 

51 

23-22 

-0-66 

22-56 

0-26 

4*338  809  3 

21  817*72 

13 

Correct 

45 

14 

31  -lo 

— o-6o 

3050 

0*27 

4*212   268  2 

16  303  -03 

^  Culbertson 

62 

54 

07-24 

+0-50 

07*74 

0*27 
o-8o 

4-310  460  5 

20  439  *o4 

01.56 

18732 — No.  4 — 
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No. 


TRIANGI.ES  OP  THE  HOLTON  BASE  NET,  INDIANA— Completed. 

Stations. 


Correc      Sp^^^"    Spher- 
Observed  angles.         tions  "       ^*^^         *^^^  ^^  ^' 

angles,  excess. 


// 


// 


// 


// 


// 


14 


15 


Stout 

Green 

Correct 

Stout 
Correct 
Mud  Lick 


41  28  15  -29 
76  28  16  "60 
62    03    31-54 


03*43 
37    16    00-58 

30    42    52-66 

112    01    05-31 


58-55 


-0  -32  14  -97  o  -50 
-0  -36  16-24  o  -50 
-1-25      30-29      0-50 


-fO*2I 

+  i'32 

-f-075 


00  79 

53*98 
06 -06 


I  "50 
0-28 
0-28 
0*27 

0-83 


4-328  671  I 
4  '495  436  5 
4  -453  827  3 

o 
4-310  460  5 
4  *236  549  3 
4  *495  436  6 


Distances 
in  metres. 


21  314*30 
31  292-23 

28  433  "30 

20  439  -04 
17  240-48 
31  292-24 


PROBABLE  ERRORS. 

Determination  of  the  probable  errors  of  the  length  of  the  sides  common  to  the  net  and  to  the  adjacent 

chains  of  iriangulation. 

For  the  side  Reizin  to  Culbertson,  as  adjusted,  we  make  use  of  the  expression — 

Reizin  to  Culbertson sin  (9  —  8)  sin  (16—  15)  sin  (25  —  24)  sin  (23  —  21) 

Holton  Base         ""   sin  (6  — 5)  sin  (3  —  2)  sin  (18— 16)  sin  (14— 12) 

hence  the  function: 

F—\o%  sin  (9  — 8) -flog  sin  (16— 15) -|- log  sin  (25  —  24)  -f  log  sin  (23  —  21)  —log  sin  (6  — 5) 
—  log  sin  {3  —  2)  —log  sin  (18—  16)  —  log  sin  (14—  12) 

Establishing  and  solving  the  transfer  equations,  we  find    the  reciprocal  of  the 

weight  p=  1 7 '776,  also  the  mean  error  m^  and  the  probable  error  r^y  both  expressed  in 

units  of    the  sixth  place  of    decimals  in  their  logarithms,  viz:    ±2' 12  and  ±1 '43, 
respectively;  hence  log.   distance  Reizin  to  Culbertson  4*387  791  5  and  the  distance 

±L        I  4 

24  422*58  metres.     The  probable  error  is  about  s^r^^iyiiTr  part  of  the  length.. 

db   o*o8 

To  this  we  have  to  add  the  proportional  error  depending  upon  that  of  the  base 

24  423 
measure,  or  00041  X =  ±o*oi8  metre;  hence  probable  error  of  length  of  side 


Reizin  to  Culbertson, 


V(o-o8)'+  (o*oi8)'=  ±0*082  metre. 


For  the  side  Green  to  Stout,  we  use  the  expression — 

Green  to  Stout  _ sin  (23  —  21)  sin  (27  —  25)  sin  (13  —  11) 
"Holton  Base    ~  sin  (14  —  12)  sin  (33  —  32)  sin  (37  —  36) 

/'=logsin  (23  — 21)+ log  sin  (27  —  25)  +  log  sin  (13  — 11)  —log  sin  (14  —  12)  —log  sin  (33  —  32) 
-log  sin  (37  —  36) 

Establishing  and  solving  the  transfer  equations,  we  get  1^=  14783,  also  Wjr=  ±  1*93 


TRANSCONTINEJJTAL  TRI ANGULATION — PART  I — BASE  LINES.       1 47 
and  r^  =  ±  1*30;    hence    log.     distance    Green   to  Stout    4*4538273  and   distance 

28  433*30  metres.     The  probable  error  is  about  ^^shzz  part  of  the  length;  combining 

zh    0-085 

28  433 
with  this  the  proportional  error  due  to  the  base  measure,  or  0*004  i  X        eoi~  ±0*021 

metre,  we  get  probable  error  of   length  of  side  Green  to  Stout — 

V(o*o85)'+  (o*02i)'  =?  zfco*09  metre. 

GBNBRAI*   DESCRIPTION   OF   STATIONS   FORMING   HOI^TON   BASE   NET,   INDIANA. 

Holton  South  Base,  Ripley  County;  established  in  1890  by  A.  T.  Mosman.  This 
station  is  situated  in  the  northwest  comer  of  section  25,  township  7  north,  range  10 
east  of  the  second  principal  meridian,  in  Center  Township,  about  1%  miles  north  of 
the  village  of  New  Marion.  The  geodetic  point  is  marked  as  follows:  The  under- 
ground mark  is  a  fine  drill  hole  one-fourth  inch  deep  at  the  intersection  of  cross  lines 
cut  on  a  copper  bolt  set  in  the  top  of  a  limestone  post  6  inches  square  and  2  feet  long, 
its  top  being  3  feet  below  the  surface.  Above  and  around  this  post,  except  for  a  space 
of  I  foot  square  immediately  over  it,  is  a  layer  of  concrete  i  foot  thick  and  4  feet 
square,  which  serves  as  a  foundation  for  the  surface  monument,  consisting  of  a  lime- 
stone block  composed  of  two  parts  firmly  cemented  together,  3  feet  square  and  30 
inches  high,  projecting  6  inches  above  the  surface.  The  upper  part  is  beveled  to  24 
inches  square,  and  a  fine  drill  hole  at  the  intersection  of  cross  lines  cut  on  a  copper  bolt 
set  in  the  top  marks  the  geodetic  point  at  the  surface.  On  this  surface  monument  was 
placed  a  limestone  shaft  3  feet  high,  2  feet  square  at  the  base,  and  i  foot  square  at  the 
top,  having  the  following  inscriptions  cut  on  three  of  its  faces:  On  the  south  face, 
'*U.  S.  COAST  AND  GEODETIC  SURVEY;^'  on  the  east  face,  '* SOUTH  BASE,'* 
and  on  the  west  face,  **  HOLTON  BASE  LINE,  1891.''  As  reference  marks,  four 
stone  posts,  each  6  inches  square  and  2  feet  long,  with  copper  bolt  on  the  top,  were  set 
as  follows:  One  about  northwest,  on  the  fence  line  on  the  south  side  of  the  public  road, 
distant  54*80  feet;  one  about  northeast,  on  the  same  fence  line,  distant  51*60  feet;  one 
about  southeast,  distant  38*55  feet,  and  one  about  southwest,  distant  42*71  feet  from 
the  geodetic  point,  forming  a  square  65*62  feet  on  each  side. 

Holton  North  Base,  Ripley  County;  established  in  1890  by  A.  T.  Mosman.  This 
station  is  in  the  southeast  corner  of  section  2,  township  7  north,  range  10  east  of  the 
second  principal  meridian,  on  land  of  Mr.  Sam  Cox,  in  Otter  Creek  Township,  about  i 
mile  east  of  Holton,  on  the  south  side  of  the  Ohio  and  Mississippi  Railroad,  and  distant 
94*82  feet  from  the  south  rail  of  the  track.  The  markings  and  monuments  at  the 
geodetic  points  are  exactly  similar  in  every  respect  to  those  at  South  Base,  with  the 
exception  of  the  inscription  on  one  end  of  the  faces  of  the  upper  limestone  shaft, 
NORTH  being  substituted  for  SOUTH.  As  reference  marks,  four  stone  posts,  each  6 
inches  square  and  2  feet  long,  with  copper  bolt  on  the  top,  were  set  as  follows:  One  on 
the  line  to  South  Base,  distant  49*24  feet;  one  in  prolongation  of  the  base  line  north- 
ward, distant  49*05  feet;  one  at  right  angle  to  the  eastward  and  one  at  right  angle  to 
the  westward,  each  distant  49*21  feet  from  the  geodetic  point,  forming  a  square  69*5 
feet  on  each  side. 
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Correct,  Riptey  County;  established  in  1887  by  F.  W.  Perkins.  This  station  is 
situated  in  the  southwest  corner  of  the  southeast  quarter  of  the  southeast  quarter  of 
section  27,  township  7  north,  range  11  east  of  the  second  principal  meridian,  Johnson 
Township.  It  is  nearly  on  the  line  dividing  sections  27  and  34,  and  40  feet  west  of  the 
county  road  running  from  Versailles  to  Qorrect,  Versailles  being  14  miles  north  and 
Correct  P.  O.  a  half  mile  south  of  the  station.  The  geodetic  point  is  marked  by  the  apex 
of  an  earthenware  pyramid  buried  3  feet  below  the  surface,  over  which  is  placed  a  tile 
drain  pipe  6  inches  in  diameter  and  2j^  feet  long,  filled  with  cement  concrete,  and 
having  a  6-inch  spike  in  the  center  of  the  top  as  a  surface  mark.  ^  The  hole  around  this 
pipe  was  filled  with  concrete  so  that  the  pyramid  is  covered  with  a  solid  block  of  con- 
crete 2%  feet  high  and  30  inches  in  diameter,  with  the  drain  pipe  in  its  center.  Four 
4-inch  tile  drain  pipes,  filled  with  concrete  with  nails  in  the  center,  were  placed  as 
follows,  as  reference  marks:  Two  to  the  eastward  of  the  station;  one  on  the  west  side 
of  the  road,  distant  23*85  feet;  and  one  on  the  east  side  of  the  road,  distant  65*  11  feet; 
and  one  south  on  the  fence  line,  distant  30*23  feet;  and  the  fourth  one  just  inside  of  the 
fence  line  on  the  west  side  of  the  road,  distant  66*43  f^^t,  and  bearing  north  40°  43' 
east  from  the  geodetic  point. 

Glasgow,  Ripley  County;  established  in  1887  by  F.  W.  Perkins.  This  station  is 
situated  in  the  southeast  quarter  of  the  southeast  quarter  of  section  28,  township  8 
north,  range  1 1  east  of  the  second  principal  meridian,  584  feet  north  and  94  J^  feet  west  of 
the  section  corner.  It  is  on  the  land  of  Ashman  and  Glasgow,  about  i  ^  miles  south 
of  the  town  of  Osgood,  on  the  west  side  of  the  road  running  from  that  town  to  the  stone 
quarries  of  the  above  firm,  but  beyond  the  quarries.  The  geodetic  point  is  marked  by 
the  apex  of  an  earthenware  pyramid  sunk  3  feet  below  the  surface,  over  which  is  placed 
a  section  of  drain- tile  pipe  6  inches  in  diameter  and  2j^  feet  long,  reaching  to  the  surface 
and  filled  with  concrete.  The  hole  around  the  pipe,  18  inches  in  diameter,  is  also  filled 
with  concrete,  making  a  solid  block  of  concrete  with  the  pipe  in  the  center.  As  reference 
marks,  four  4-iuch  pipes  filled  with  concrete  were  set  as  follows:  Three  on  the  western 
line  of  the  road,  one  bearing  north  46°  45'  east  (true),  distant  100*5  ^^^^f  o^^  bearing 
east  i^  37'  south,  distant  75*34  feet,  and  one  bearing  south  51°  17'  east,  distant  91*55 
feet  from  the  geodetic  point;  the  fourth  one  is  on  the  eastern  line  of  the  road  (which 
runs  along  the  section  line  between  sections  27  and  28),  bearing  east  1°  37'  south,  and 
distant  112*94  ^^^^  from  the  geodetic  point. 

Green,  Jennings  County;  established  in  1887  by  F.  W.  Perkins.  This  station  is 
situated  in  Columbia  Township,  near  the  northeast  corner  of  section  34,  township  8 
north,  range  9  east  of  the  second  principal  meridian,  and  is  distant  927  feet  west  and  61 
feet  south  from  the  section  corner  stone.  It  is  on  land  belonging  to  Samuel  Rush,  about 
5  miles  north  of  the  town  of  Butlerville,  on  the  Ohio  and  Mississippi  Railroad,  and 
about  2  miles  southwest  of  the  town  of  Zenas.  The  geodetic  point  is  marked  by  the 
apex  of  an  earthenware  pyramid  buried  3  feet  below  the  surface.  Over  this  is  a  terra- 
cotta drain  pipe,  6  inches  in  diameter  and  2  feet  long,  filled  with  cement  and  projecting 
about  2  inches  above  the  surface.  The  letters  U.S.  are  marked  on  the  cement  and  a 
nail  inserted  head  downward  in  the  cement  at  the  top  of  the  pipe  serves  as  a  surface 
mark.  As  reference  marks,  three  4-inch  drain  pipes,  filled  with  cement  with  nail  in 
center,  were  set  in  the  fence  line  north  of  station,  their  tops  projecting  2  inches  above 
the  ground;  the  western  one  distant  69  feet  4  inches,  the  northern  one  distant  42  feet 
1 1  inches,  and  the  eastern  one  distant  67  feet  from  the  geodetic  point. 
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Reizin,  Ripley  County;  established  in  1887  by  F.  W.  Perkins.  This  station  is 
situated  about  i  mile  east  of  the  town  of  Elrod,  and  about  320  yards  south  of  the  road 
from  Elrod  to  Dillsboro,  on  land  belonging  to  Mr.  Joseph  Beall,  39  feet  east  of  the  line 
fence  dividing  the  lands  of  Mr.  Beall  from  those  of  Mr.  Reizin  Johnson.  The  geodetic 
point  is  marked  by  the  apex  of  an  earthenware  pyramid  buried  3J^  feet  below  the 
surface,  over  which  is  placed  4  inches  of  soil,  then  3  inches  of  blacksmith's  cinder  from 
the  forge,  then  3  inches  more  of  soil ;  over  this  is  placed  a  solid  shaft  of  concrete  20 
inches  high  and  about  16  inches  in  diameter,  having  embedded  in  its  center  a  drain-tile 
pipe  6  inches  in  diameter  and  2  feet  long,  filled  with  cement,  the  top  even  with  the 
surface  and  having  a  spike  in  the  center  to  mark  the  geodetic  point. 

As  reference  marks,  four  4-inch  drain-tile  pipes,  filled  with  cement  and  nails  in  the 
center,  were  set  as  follows:  One  true  north,  distant  5*98  feet;  one  true  south,  distant 
5 "96  feet;  one  true  east,  distant  6*05  feet,  and  one  true  west,  distant  39*2  feet  from  the 
geodetic  point.  A  hickory  tree  standing  alone  in  the  field,  bearing  north  24^  11'  east, 
and  distant  181*3  ^^^^  from  the  center  mark,  was  blazed  and  marked  with  a  triangle  of 
small  nails  and  a  large  one  in  the  center,  as  an  additional  reference  mark. 

Culberison,  Switzerland  County;  established  in  1887  by  F.  W.  Perkins.  This 
station  is  situated  in  the  northwest  corner  of  the  southeast  quarter  of  section  33,  town- 
ship 5  north,  range  12  east  of  the  second  principal  meridian  in  Pleasant  Township,  on 
land  of  James  Culbertson.  It  is  about  1 1  miles  northerly  from  the  town  of  Vevay  on 
the  Ohio  River.  It  is  on  the  highest  part  of  the  pasture  just  east  of  Culbertson* s 
house,  about  700  feet  from  the  pike  and  48  feet  east  of  center  of  country  road  running 
south  from  the  pike.  The  geodetic  point  is  marked  by  the  apex  of  an  earthenware 
pyramid  buried  3  feet  below  the  surface,  over  which  is  placed  a  concrete  block  18 
inches  in  diameter  by  2%  feet  long,  having  embedded  in  its  center  a  drain-tile  pipe 
6  inches  in  diameter,  with  a  nail  at  the  intersection  of  cross  lines  on  top  as  a  surface 
mark.  As  reference  marks,  four  4-inch  drain-tile  pipes  were  set  in  concrete  in  a  similar 
manner:  One  due  north,  distant  5*92  feet;  one  due  east,  distant  6'i2  feet;  one  due 
south,  distant  5 '93  feet,  and  one  due  west,  35 '63  feet  distant  from  the  geodetic  point. 
The  west  pipe  is  in  the  fence  line  on  east  side  of  road. 

Mvd  Lick,  Jefferson  County;  established  in  1887  by  F.  W.  Perkins.  This  station 
is  situated  in  the  southeast  corner  of  the  northwest  quarter  of  section  26,  township  5 
north,  range  10  east  of  the  second  principal  meridian,  on  land  of  Mr.  W.  H.  Buck- 
hannon.  It  is  on  the  west  side  of  the  Michigan  road,  about  one-half  mile  south  of 
Mu(}  Lick  post-office  and  7  miles  from  Madison,  a  town  on  the  Ohio  River,  and  just 
north  of  a  county  road  running  west  to  Lancaster.  The  geodetic  point  is  marked  by 
the  apex  of  an  earthenware  pyramid  buried  3  feet  below  the  surface,  over  which  is 
placed  a  solid  concrete  block  2  feet  in  diameter  and  2^  feet  high,  having  embedded  in 
its  center  a  drain-tile  pipe,  6  inches  by  2J4^  feet,  filled  with  concrete.  The  letters 
U.S.C.S.  are  marked  on  top,  and  a  6-inch  spike  at  the  intersection  of  cross  lines  marks 
the  point  at  the  surface.  As  reference  marks,  four  4-inch  drain-tile  pipes  filled  with 
cement  were  set  as  follows:  One  nearly  east,  distant  165*5  feet;  one  nearly  southeast, 
distant  189*7  ^^^^J  ^^^  ^wo  nearly  south,  one  107*4  ^^^^  ^^^  ^^^  other  144*9  feet  distant 
from  the  geodetic  point. 

Stout,  Jefferson  County;  established  in  1887  by  F.  W.  Perkins.  This  station  is 
situated  near  the  northeast  corner  of  section  25,  township  5  north,  range  8  east  of  the 
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second  principal  meridian,  on  land  of  Mr.  A.  O.  Stout,  wlio  lives  about  one-third  mile 
south  of  the  station.  It  is  about  5  miles  southwest  of  the  town  of  Dupont  and  the 
same  distance  northeast  of  the  town  of  Paris,  and  about  i  mile  north  of  Neils  Creek 
post-office.  The  section  line  a  few  feet  north  of  the  station  is  the  boundary  line  between 
Jefferson  and  Jennings  counties.  The  geodetic  point  is  marked  by  the  apex  of  an 
earthenware  pyramid  buried  3  feet  below  the  surface,  over  which  is  placed  a  drain-tile 
pipe,  6  inches  in  diameter  and  2*5  feet  long,  filled  with  cement,  the  top  projecting  about 
I  inch  above  the  surface,  and  having  the  letters  U.  S.  cut  in  the  cement,  and  a  nail  in 
the  center  as  a  surface  mark.  Three  drain-tile  pipes,  3  inches  by  2*5  feet,  filled  with 
cement  and  a  nail  in  the  center,  with  the  numbers  1,2,  and  3  cut  in  the  cement,  were 
set  as  follows,  for  reference  marks:  No.  i,  bearing  south  43°  12' west,  distant  40*95  feet; 
No.  2,  bearing  south  86°  48'  west,  distant  2772  feet,  and  No.  3,  bearing  north  36°  41' 
west,  distant  45*94  feet  from  the  geodetic  point.  They  were  placed  in  the  fence  line 
west  of  the  station.  An  additional  reference  mark  is  the  quarter-section  stone  marking 
the  northwest  comer  of  the  northeast  quarter  of  the  northeast  quarter  of  section  25, 
which  bears  north  39**  55'  west  and  is  43*16  feet  distant  from  the  geodetic  point.  The 
above  bearings  are  magnetic. 

(^)  •^^-  Albans  Base  Line,   West  Virginia,  18 p2, 

I^OCATION,    MKASUREMBNT,    AND   I,ENGTH. 

This  base  is  situated  in  the  valley  of  the  Great  Kanawha  River,  near  the  village  of 
St.  Albans,  in  Kanawha  County,  West  Virginia.  The  middle  point  of  the  base  is  in 
latitude  38°  23' *o  and  in  longitude  81°  48' '9  west  of  Greenwich;  the  azimuth  east  end 
to  west  end  is  108®  03''9.  The  length  of  the  base  is  nearly  3*87  kilometres  or  2 '40  statute 
miles;  its  elevation  above  the  ocean  is  about  180  metres.  This  is  the  second  base  of 
precision  the  measure  of  which  was  effected  by  means  of  metallic  tapes,  and  the  first 
one  where  the  tape  measures  were  accepted  exclusive  of  other  means.  The  experimental 
work  at  the  Holton  Base  of  1891  (see  account  of  that  base)  seemed  to  prove  that  tape 
measures  could  be  depended  upon  for  refined  results  in  those  cases  where  the  requisite 
close  attention  is  paid  to  all  circumstances  and  to  minute  details  which  have  or  may 
have  an  influence  on  the  result.  Among  these  influences  the  condition  of  the  atmos- 
phere is  the  most  potent,  and  measures  made  after  sundown  or  during  nighttime 
were  considered  more  favorable  than  those  taken  in  daytime  and  during  sunshine.  For 
a  comprehensive  understanding  of  the  use  of  tapes  for  the  above  purpose,  no  better 
reference  need  be  given  than  the  report  of  Assistant  R.  S.  Woodward,  by  whom  the 
method  was  developed  on  the  survey  (see  Appendix  No.  8,  Coast  and  Geodetic  Survey 
Report  for  1892,  part  2,  pp.  453-489).  This  also  includes  his  account  of  the  St.  Albans 
Base.  A  more  condensed  paper  of  the  results  as  reviewed  by  the  office  is  given  in 
Appendix  No.  6,  Coast  and  Geodetic  Survey  Report  for  1894. 

The  base  was  located  by  Assistant  A.  T.  Mosman,  and  in  the  summer  of  1891 
the  terminal  stones  were  set  and  the  profile  of  the  line  secured  by  Subassistant  W.  B. 
Fairfield  ;  *  the  measurement  of  the  base  in  October,  1892,  was  in  charge  of  Assistant  R.  S. 
Woodward.  The  base  was  divided  into  four  sections  and  between  October  i  and  9  the  line 
was  cleared  of  obstacles  and  the  marking  and  support  stakes  for  the  tapes  were  set,  10 

^  The  connection  of  the  base  with  the  main  triangulation  was  made  by  the  same  observer  in  1S93. 


CocLSt  and  Geodetic  Szcrvey-ThanscontinentaZ  Thjan^uZatiart 


No6.10azidll 


SAINT  ALBANS  BASE  NET,  W,  VA. 

1880  TO  1893 


Simms 


—  ~  —  _  _  _H6lmes 


X 


U<yJior?cs 


ETH 


JT-I      t—\ 


Statute  Miles 

\ i       h 


1   m  it. 


Kilometres 


lO 


15 


1« 


IHney 


JSimnvs 


EXTENDED  NET 


svUle 


i 


Statute  Miles 


H-4    M     h^ 


lo 


o 


lO 


f=f 


10" 


^ 


lO 


^ 


31 


20 


I 


30 


"So 


^O 


Kilometres 


40 


30  GO  70  BU^ 


90 


=3< 


TRANSCONTINENTAL  TRI ANGULATION — PART  I — BASE   LINES.        151 

metres  apart,  and  carefully  aligned  and  the  slope  determined.  All  measures  were  made 
between  October  10  and  October  14.  Four  of  these  were  made  at  night  and  one 
during  bright  sunshine,  but  the  observer  excluded  the  last  result  from  his  final  com- 
bination. Of  the  four  effective  measures  two  were  forward  and  two  were  backward;  they 
were  made  with  steel  tapes  Nos.  85  and  88,  the  same  as  had  been  previously  employed 
and  standardized  at  the  Holton  Base  in  the  preceding  year.  As  there  stated,  the  lengths 
of  the  tapes  depend  on  comparative  measures  with  the  5-metre  steel  bar  No.  17  when 
embedded  in-melting  ice.  The  dimensions  of  these  tapes  are :  Length  loi'oi  metres, 
cross  section  6*34  by  0*47  millimetres.  Their  weight  is  22*3  grammes  per  metre  of 
length.  When  not  in  use,  they  are  rolled  up  on  reels.  During  measure  the  tension 
applied  was  25  pounds  6  ounces.     The  following  results  were  found : 


Bar  Btj  =  5m  —  i8*o/4  at  o®  C.  and 


nun. 


mm. 


Tape  Tss  =  20  B,j  +  3*86  +  i '094  7/  or  Ts^ 
T9i  =  20  B^J  -f  6-31  -f  I  -091  4/        Tm 


mm.         mm. 
ioof»-f-3-5o-f  10947/ 
loow  -f-  5*95  -f  1-091  4/ 


These  numbers  answer  to  the  standard  tension  of  25  pounds  and  9  ounces*  and 

are  for  the  centigrade  temperature  /  (referred  to  the  hydrogen  scale).     The  fractional 

part  of  a  tape  was  obtained  either  directly  from  the  20-metre  subspaces  of  the  tapes  or 

by  means  of  a  15-metre  tape  graduated  to  millimetres.     The  several  positions  of  the 

tapes  were  marked  on  zinc  plates  left  in  position  throughout  the  measures,  these  marks 

forming  part  of  the  record.     The  corrections  to  the  thermometer  readings  during  the 

base  measures  are  as  follows : 

Thennometers. 

Tempera-       Green  Green  Green 

ture.         No.  5598.      No.  5620.      No.  5621. 


0 

0 

0 

0 

0 

— O'lO 

— 0*20 

—0-25 

5 

•12 

•15 

•20 

10 

•09 

•21 

.           26 

15 

•08 

•25 

•32 

20 

•08 

•27 

•34 

25 

•07 

•25 

•32 

30 

•04 

•25 

•25 

35 

—0*09 

—0-23 

—0-28 

These  thermometers  were  provided  with  steel  sheaths  of  thin  steel  tape  slipped 
over  their  bulbs,  in  the  hope  of  securing  a  close  approximation  to  the  actual  temperature 
of  the  tapes.  Two  of  the  thermometers  were  placed  at  a  distance  of  10  metres  from 
the  tape  ends  and  the  third  one  was  placed  at  the  middle. 


*  with  3  ounces  less  than  the  standard  tension  the  tape  shortens  0*14  millimetre. 


152 


UNITED  STATES  COAST  AND  GEODETIC  SURVEY. 


The  results  of  the  several  measures  of  the  base  sections  in  terms  of  the  length  of 


B^^  are  as  follows: 

• 
B 

Date, 
1893. 

Time  of  day. 
p.  m. 

1  s 

Q     B 

End 
points. 

No.  of 
tape. 

Mean 
tempera- 
ture. 

Tempera- 
ture 
risinje:  or 
falling. 

Length. 

Grade 
correc- 
tion. 

'  Oct.  II 

h,  m. 
7  20 

A.  tn. 
to  8  02 

W. 

'     88 

«C. 
9-04 

f. 

fHtn. 

200^jy-|-258  -2 

I    < 

12 

13 
13 

9  03 
7  06 

10  49 

9  44 

7  40 

II  21 

E. 

W. 

E. 

,M  *3    S' 

88 

85 
85 

7.62 

13-30 

9  56 

r. 
f. 
r. 

244-5 

252  -6 

251-5 

goo 

14 

2  53 

3  16 

W. 

r^ 

88 

32-11 

r.,  f. 

248-1    . 

Oct.  II 

8  02 

844 

w. 

'    88 

5  92 

f.,  r. 

200^,,+534  -8 

12 

9  44 

10  25 

E. 

2     8 

88 

6  39 

f.,  r. 

535*5 

00 
.  JO 

II 

13 
13 

7  40 
II  21 

8  12 
II  53 

W. 

E. 

CO    a 

85 
85 

10-38 
9  05 

f.,  r. 
f.,  r.,f. 

533-0 
536-0 

•  1  is 

g  o\ 

^  1 

14 

3  16 

3  49 

W.     . 

88 

30-47 

f.,  r. 

536-0    . 

'  Oct.  II 

8  44 

9  26 

W.      ' 

'    88 

6-23 

r.,f.,  r. 

200^,7+527  -0 

12 

7  40 

8  22 

E. 

8     % 

88 

7-84 

r.,  f. 

524-0 

^■8 

III- 

13 
13 

8  12 

9  45 

844 
10  17 

W. 
E. 

85 
85 

9  92 
8*75 

f.»r.,  £. 
r. ,  f . ,  r. 

527-8 
528-9 

14 

3  49 

4  02 

w. 

88 

30-08 

r.,  f.,  r. 

534 -o    . 

'  Oct.  II 

9  26 

10  08 

W. 

• 

'    88 

480 

f.,  r. 

172^,7+9  325  -5 

12 

8  22 

903 

E. 

^  1 

88 

7-92 

f.,r. 

9  323  -0 

^-^ 

IV 

13 
13 

844 
10  17 

9  16 
10  49 

W. 

E. 

is     ^ 

85 
85 

9*24 
8-57 

f.,r. 
f.,  r.,  f. 

9  321-4 
9  328  -6 

•ir 

14 

4  02 

4  26 

W.      . 

P"i 

88 

29-80 

r.,  f.,r. 

9  333  -0    . 

Sumtnary  of  resulting  lengths  of  each  section  *  and  by  each  tape^  but  otnitting  the  fifth  or  daylight 

measure. 


Section. 

I 

II 
III 
IV 

Total 


Length  by — 
Tape  No.  88.  Tape  No.  85. 


min. 

200^,7-h      251  '35 

200  4-  535  -15 
200  +  525  -50 
172      -f  9  324  -25 


mm. 

-f       252  05 

+  534  -50 
H-  528  -35 
-f  9  325  -00 


Mean. 

mm. 

+      251 70 

+  534  -82 
-f  526  -93 
+  9  324  -62 


Correction 
for  slope. 

mm. 

-  8-52 

-  93  -58 

—  7 '20 

-  3-40 


Resulting 
length. 

m, 
I  000*239  6 

I  000  -437  6 

I  000-516  I 

869-318  I 


772^,7-f  10  636  -25       +10  639  -90  i    -f  10  638  -07      —  1 1 2  70 


3  870-511  4 


Length  of  base*  from — 


m. 


2  westward  measures  3  870-513  5 
2  eastward  measures    3  870  -509  3 


Mean  3  870*511  4 

Also  difference  of  measure  by  the  two  tapes  3  '65  millimetres. 


•  Unreduced  to  sea  level. 
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The  individual  results  of  the  4  night  and  the  i  day  measures  are: 


1892. 


Oct.  II 

N. 

12 

N. 

13 

N. 

13 

N. 

14 

D. 

w/. 


Mean. 
tntn. 


Mean. 


3  870  518  9 
•500  4 
•508  2 
•518  4 
•524  5 


•500  4}  5^ -M 


} 


513  "3  J 


fftfH, 

511 '41 


Mean 


3  870-514  I 


For  the  reduction  to  sea  level  we  have  the  following  data:  Average  distance  of  tape 
below  stone  at  West  Base,  2*66  feet;  stone  at  West  Base  below  bench  mark  at  St. 
Albans,  i'29  feet;  result  'of  spirit  leveling  in  November,  1891,  by  Sub- Assistant 
Fairfield,  from  forward  and  backward  measures,  bench  mark  below  triangulation  station, 
Big  Rocks,  576*05  feet;  top  of  pier  at  Big  Rocks  above  ground,  3*40  feet;  hence  tape 
below  ground  at  Big  Rocks,  576*60  feet,  or  175*75  metres.  The  height  of  this  station 
resulting  from  measures  of  zenith  distances  brought  over  from  the  survey  of  the 
District  of  Columbia  is  356*23  metres  zfc  1*75  metres;  adding  to  this  accumulated 
probable  error  the  uncertainty  in  the  starting  level  ±0*23  metre,  we  get  for  the 
average  height  of  the  base  180*48  metres  zfc  1*76  metres,  with  the  corresponding 
reduction  to  sea  level  —  0*109  6  metre;  the  length  of  the  base  reduced  to  sea  level  is 
therefore  3  870*401  8  metres.  There  is  still  to  be  applied  a  small  correction  to  the 
length  of  the  base,  due  to  thermometric  corrections,  amounting  to*  +  0*97  millimetre; 
hence  final  length  of  base  is  3  870*402  8  metres. 

The  probable  error  of  the  assigned  length  of  the  base  may  be  deduced  in  different 
ways;  that  due  to  the  uncertainty  in  measure  may  be  made  to  depend  on  the  discrep- 
ancies as  shown  by  the  5  measures  of  each  of  the  4  sections  and  noting  the  fact  that 
the  sum  of  the  squares  of  the  differences  for  the  last,  or  daylight,  measure  is  not 
the  largest  of  these  values.      We  find  for  the  probable  error  of  the  base  measure 


0*674 


-^  )^  =  ±2*38  millimetres. 


The  probable  error  arising  from  the  uncertainty  in  the  assigned  length  of  a  tape, 
is  given  by  the  observer  as  it  0*06  millimetre;  hence  probable  error  of  the  base  from 
this  cause  is  38*7  X  0*06  =  ±  2*32  millimetres.  The  probable  error  of  the  base  from 
uncertainty  in  the  reduction  to  sea  level  is  dbi'io  millimetres;  hence  total  probable 

error  ^(2'^sy  +  (2*32)"  +  (I'lo)'  =  d=  3*50  millimetres,  or  about  TT^tinrTr  part  of  the 
length. 

tn. 

Resulting  length  of  the  St.  Albans  Base        3  870*402  8 

and  its  logarithm  3*587  756  17 

±  39 


•  See  p.  468,  Coast  and  Geodetic  Survey  Report  for  1892,  part  ' 
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ABSTRACT  OF  RESUI,TING  HORIZONTAL  DIRECTIONS,   OBSERVED  AND  ADJUSTED,   AT  THE  STATIONS 

FORMING  THE  ST.  ALBANS  BASE  NET,  1880-81,  1883,  189I-92-93. 

SI.  Albans  East  Base^  Kanawha  County,  West  Virginia.     January  24  to  January  31,  1893.     30-centi- 
metre theodolite.  No.  118.     W.  B.  Fairfield,  observer. 


No.  of 
direction. 


Objects  observed. 


Resulting  direc- 
tions from  station 
adjustment. 


Corrections 
from  base-net 
adjustment. 


Final  seconds 

in 
triangulation. 


60 
61 
62 


o         /  //  //  // 

o    00    00*00  +o'37  00 '37 

13    54    31*28  — o-o8  31*20 

89     II     5474  -0-29  54-45 

Approximate  probable  error  of  a  single  observation  of  a  direction  (D.  and  -^. )  =  ±  o^''93. 


Rogers 

St.  Albans  West  Base 

Ryan 


St.  Albans  West  Base,  Kanawha  County,  West  Virginia.     February  3  to  February  10,  1893.     30-centi- 
metre theodolite,  No.  118.     W.  B.  Fairfield,  observer. 


63 
64 

65 


Ryan 
I  St  Albans  East  Base 
;  Rogers 


o  /  // 

o  00  00*00 

28  57  00  54 

132  44  39*75 


59*39 
01  '14 

39  76 
Approximate  probable  error  of  a  single  observation  of  a  direction  (D,  and  -^.)  =  ±  o'''73. 


—0*61 
4-0 '60 
-fo'oi 


// 


Big  Rocks,  Kanawha  County,   West  Virginia. 

theodolite.  No.  118. 


November  30  to  December  9,  1891. 
W.  B.  Fairfield,  observer. 


30-centimetre 


30 

Piney 

31 

Simms 

32 

Rogers 

33 

Ryan 

34 

Holmes 

35 

Coal 

Table  Rock 

Pigeon 

0 

/ 

ff 

0 

00 

00 'OO 

79 

17 

34*08 

109 

27 

01  '41 

112 

06 

27  25 

120 

01 

36-30 

130 

04 

18*04 

170 

12 

270 

35 

ff 
—0*02 

+c'86 

— 0*02 
-f0*20 

-0-59 
—0*43 


// 


59*98 

34*94 
01  39 
27*45 
35*71 
17*61 

30-58 

38-35 
Approximate  probable  error  of  a  single  observation  of  a  direction  (/>.  and  A*.)  =  rfc  0^^*59. 

Piney,  Cabell  County,  West  Virginia.  August  21  to  September  4,  1883.  50-centimetre  theodolite,  No. 
114.  A.  T.  Mosman  and  W.  B.  Fairfield,  observers.  December  16  to  December  21, 1891.  30-centi- 
metre theodolite,  No.  118.    W.  B.  Fairfield,  observer. 

29           Pigeon  o 

Davis  66 

Gebhardt  117 

24  Simms  265 

25  Holmes  270 

26  Coal  293 

27  Table  Rock  304 

28  Big  Rocks  310 
Ivy  323 

Probable  error  of  a  single  observation  of  a  direction  {D.  and  ^. )  =  dz  o^'-65. 


00 

ff 

00 'OO 

ff 
—0*17 

ff 

59*83 

33 

51*05 

16 

06 -oi 

09 

53*84 

—0*28 

53*56 

36 

07  -62 

-f-0*2I 

07*83 

29 

60*19 

-o*39 

59*80 

16 

56*84 

-fo-45 

57*29 

51 

38-03 

-fo*i8 

38 -21 

43 

20 -68 
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ABSTRACT  OF  RESULTING  HORIZONTAL    DIRECTIONS,   OBSERVED  AND  ADJUSTED,   AT  THE  STATIONS 
FORMING  THE  ST.  ALBANS  BASE  NET,  1880-81,  1883,  189I-92-93 — continued. 

Simms,  Putnam  County,  West  Virginia.     January  16  to  February  10, 1892.     30-centimetre  theodolite. 
No.  118.     W.  B.  Fairfield,  observer.     Telescope  above  ground  about  17  metres. 


No.  of 
direction. 

Object 

37 

Ryan 

38 

Coal 

39 

Rogers 

40 

Big  Rocks 

41 

Piney 

36 

Holmes 

Resulting  direc- 
tions from  station 
adjustment. 

Corrections 

from  ba.se-net 

adjustment. 

Final  seconds 

in 
triangulation. 

0      /         // 

// 

// 

0    00    00*00 

4-0-85 

00-85 

25    32    09  02 

-fO*20 

09  -22 

34    34    5371 

4-009 

53-80 

64    55     28-25 

—0-41 

27-84 

119    56    0904 

—0-26 

08-78 

310    06     23  '22 

--0-48 

22*74 

Probable  error  of  a  single  observation  of  a  direction  (Z>.  and  Jd»)  =  ±0^^*59. 

Ryan^  Kanawha  County,  West  Virginia.    November  29  to  December  22, 1892.    30-centimetre  theodolite. 

No.  118.     W.  B.  Fairfield,  observer. 


// 


// 


// 


59 

Simms 

0 

00 

00-00 

—0*64 

59-36 

54 

St.  Albans  East  Base 

216 

09 

15-81 

-fo-23 

16*04 

55 

Coal 

245 

30 

30  40 

+0*07 

30-47 

56 

Big  Rocks 

277 

44 

18 -60 

+0*03 

18*63 

57 

Rogers 

282 

20 

26*53 

-fo*39 

26*92 

58 

St.  Albans  West  Base 

291 

54 

51-14 

— o*o8 

51*06 

Probable  error  of  a  single  observation  of  a  direction  (/?.  and  j^.  )  =  ±  &'"jo, 

Rogers ^  Kanawha  County,  West  Virginia.    February  23  to  February  28, 1893.    30-centimetre  theodolite. 

No.  118.     W.  B.  Fairfield,  observer. 


// 


// 


// 


48 

Simms 

0 

00 

-00*00 

—0*20 

59-80 

49 

St.  Albans  West  Base 

30 

04 

3908 

—0*10 

38-98 

50 

Ryan 

67 

45 

34-27 

-|-0*22 

34*49 

51 

St.  Albans  East  Base 

92 

22 

30  48 

~o  -93 

29 -55 

52 

Coal 

147 

02 

33-78 

+  1-51 

35  29 

53 

Big  Rocks 

240 

30 

00-64 

— 050 

00*14 

Probable  error  of  a  single  observation  of  a  direction  (/?.  and  R.)  =  ±z  1^^*30. 


Coal^  Kanawha  County,  West  Virginia. 

No.  118. 


March  14  to  March  29,  1893. 
W.  B.  Fairfield,  observer. 


30-centimetre  theodolite, 


/f 


// 


// 


42 

Big  Rocks 

43 

Piney 

44 

Rogers 

45 

Simms 

46 

Ryan 

47 

Holmes 

0 

00 

00*00 

-I-0-99 

00*99 

32 

34 

04-93 

4-0*28 

05-21 

65 

55 

21*51 

—1-53 

19-98 

89 

49 

60 -49 

—0*56 

59-93 

129 

48 

22*62 

+0-15 

22-77 

165 

55 

04-33 

-fo-67 

05  00 

Probable  error  of  a  single  observation  of  a  direction  (Z?,  and  ^.)  =  d=  c/'''66. 
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UNITED  STATES  COAST  AND  GEODETIC  SURVEY. 


ABSTRACT  OP  RESULTING    HORIZONTAL    DIRECTIONS,  OBSERVED  AND  ADJUSTED,  AT   THE    STATIONS 
FORMING  THE  ST.  ALBANS  BASE  NET,  1880-81,  1883,  1891-92-93 — Continued. 

SufntnersvilU^  Nicholas  County,  West  Virginia.    November  9  to  December  5,  1880.     50-centimetre 

theodolite,  No.  114.    A.  T.  Mosman  and  W.  B.  Fairfield,  observers. 


No.  of 

direction. 


I 

2 

3 


Objects  observed. 

Beach 

Ivy 

Table  Rock 

Holmes 

Briery 


Resulting  direc- 
tions from  station 
adjustment. 

Corrections 

from  base-net 

adjustment. 

Final  seconds 

in 
triangulation. 

0       /         // 

// 

// 

0     00     OO'OO 

95    56    5836 

—0-27 

5809 

132    04    23-34 

-f-o-29 

23  63 

155    27    36-85 

— 0-02 

36  -83 

339    07    44 'lo 

Probable  error  of  a  single  observation  of  a  direction  (Z>.  and  ^.)  =  d=  0^^-86. 

Iiy,  Raleigh  County,  West  Virginia.     June  14  to  June  21,  1881.     50-centimetre  theodolite.  No.  114, 

A.  T.  Mosman  and  W.  B.  Fairfield,  observers. 


6 

Table  Rock 

7 

Holmes 

8 

Simimersville 

Beech 

Keeney 

4 

Pigeon 

5 

Piney 

0 

00 

// 
00*00 

// 

—0:05 

ff 

0 

59*95 

6 

33 

23  49 

+015 

23*64 

58 

22 

03-66 

—0-09 

03*57 

78 

34 

19*05 

104 

44 

04-82 

327 

57 

11*54 

+0*09 

11*63 

339 

33 

29*00 

—0*10 

28*90 

Probable  error  of  a  single  observation  of  a  direction  {D,  and  ^.)  =  d:  0^^*81. 

Table  Rock^  Kanawha  County,  West  Virginia.     July  19  to  August  15,  1881.     50-centimetre  theodolite, 

No.  114*    A.  T.  Mosman  and  W.  B.  Fairfield,  observers. 


// 


12 

Holmes 

Creed 

13 

Summersville 

14 

Ivy 

9 

Pigeon 

10 

Big  Rocks 

II 

Piney 

0 

00 

OO'OO 

7 

II 

29-86 

76 

37 

16*12 

162 

07 

55*05 

272 

29 

39*43 

299 

02 

15*27 

302 

15 

04-12 

—0*03 

-}-o*37 
—0*06 
—0*48 

+0*17 
4-0*03 


// 


59*97 

16-49 
54*99 
3895 
15*44 
04*15 


Probable  error  of  a  single  observation  of  a  direction  {D,  and  R,)  =^  ±:  i''*09. 


TRANSCONTINENTAL  TRI ANGULATION — PART  I — BASE  LINES,       I57 


ABSTRACT  OP  RESUI«TING    HORIZONTAL    DIRBCTIONS,  OBSBRVKD  AND  ADJUSTED,  AT   THE    STATIONS 

FORMING  THE  ST.  ALBANS  BASE  NET,  1880-81,  1883,  1891-92-93— Continued. 

Holtnes^  Kanawha  County,  West  Virginia.    August  26  to  September  27, 1881 .    50-centimetre  theodolite, 

No.  1 14.     A.  T.  Mosman  and  W.  B.  Fairfield,  observers. 


No.  of 
direction. 

Objects  ob 

17 

Table  Rock 

Martin 

Elk 

Coal 

18 

Big  Rocks 

19 

Piney 

Simms 

15 

Summersville 

Creed 

16 

Ivy 

Resulting  direc-        Corrections 
tions  from  station     from  base-net 
adjustment.  adjustment. 


Pinal  seconds 

in 
triangulation. 


// 


// 


// 


0 

<X) 

00 'OO 

3 

33 

12-21 

13 

47 

2076 

64 

49 

68 

51 

22-56 

88 

34 

16-67 

93 

18 

280 

00 

25*50 

307 

49 

07-41 

348 

41 

16  93 

—0-30 


5970 


•33 
+0-50 

—0-42 

-ho -55 
Probable  error  of  a  single  observation  of  a  direction  (Z>.  and  ^.)  ==  =fc  1^^-48. 


08-03 
22  -23 

17-17 

17*05 
25-08 

17-48 


Pigeon,  Lincoln  County,  West  Virginia.    July  21  to  August  5, 1883.    50-centimetre  theodolite.  No.  114. 

A.  T.  Mosman  and  W.  B.  Fairfield,  observers. 


20 

Piney 

21 

Big  Rocks 

22 

Table  Rock 

23 

Ivy 

• 

Davis 

Gebhardt 

0 

/ 

/f 

// 

// 

0 

00 

00 'OO 

— 0*I2 

59  -88 

41 

27 

17-14 

-f0-20 

17  '34 

94 

31 

34-23 

-ho -32 

34*55 

132 

07 

07-02 

—0-40 

06  62 

296 

48 

34*59 

332 

13 

3279 

Probable  error  of  a  single  observation  of  a  direction  (D.  and  /?.)  =  rt  o"-72 


No. 
I 

2 

3 

4 

5 
6 

7 
8 

9 
10 

II 

12 


O: 

O; 

O: 
O: 
O: 
O: 
O: 
O: 
O: 
O: 
O: 
O: 


—  o-09  +  (i4) 
-0-98+ (16) 

—  O-22-f  (17) 

—  0-98+  (27) 
+  1-29+ (23) 

-o'33+(22) 

-0-24+ (34) 

-I -494- (41) 
+  0-54 -f  (43) 

-f  I -41  4- (45) 
-2 -58 +(52) 
4- 1  -52  +  (56) 


(13)+  (2) 

(15)+    (3) 

(15)+    (3) 

(as) +  (19) 

(M)+    (9) 

(ao)  +  (29) 

(30)  +  (28) 

(40) +  (31) 

(42)  +  (35) 

(43)  +  (a6) 

(48)  +  (39) 

(55)  +  (46) 

FIGURE  ADJUSTMENT. 

Observation  equations.* 

(i)+    (8)-    (6) 
(i)+    (8)-    (7) 

•    (2)^(i3)-(") 
(i7)  +  (ia)-(ii) 

(14)+    (6)-    (4) 

(27)+(ii)-  (9) 
(25) +  (19) -(18) 
(30)  +  (28)  -  (24) 
(30)  -t-  (28)  -  (26) 
(24) +  (41) -(38) 
(38)  +  (45)  -  (44) 
(42)  +  (35)  -  (33) 


*  Number  of  conditions  in  the  net  30;  of  these  18  relate  to  sunis  of  angles  and  xa  to  ratio  of  sides.  The  side  equations 
are  established  with  7  places  of  decimalsin  the  logs,  and  differences  for  i"  are  cut  off  at  the  sixth  place,  except  equations 
M  uid  25,  which  are  carried  one  place  farther. 
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No. 

13 

0 

14 

0 

15 

0 

16 

0 

17 

0 

18 

0 

19 

0 

20 


21 


22 


0  = 


0  = 


0  = 


23  I  0  = 


24  I  o 

I 

25  O 

26 


27 
28 

29 
30 


0  = 


0  = 


0  = 


0  = 


0  = 


UNITED  STATES  COAST  AND  GEODETIC  SURVEY. 

FIGURE  ADJUSTMENT— continued. 
Observation  equations— CotiXinviGd,. 

-f  0-66+  (59)  -  (55)  +  (46)  -  (45)  -f  (38)  -  (37) 
+  I  -36  +  (59)  -  (57)  +  (50)  -  (48)  +  (39)  -  (37) 
+  0-13+  (53)  -  (50)  -h  (57)  -  (56)  -h  (33)  -  (32) 
+  I  -65  +  (62)  -  (60)  +  (51)  -  (50)  -h  (57)  --  (54) 
-0-46+  (65)  -  (63)  -f  (58)  -  (57)  +  (50)  -  (49) 
-0-69+  (62)  -  (61)  +  (64)  -  (63)  +  (58)  -  (54) 

-  157-2-88(1)  -f  775(2)  -4*87(3)  -  17*02(6)  +  18-32(7)  -1-30(8)  -  0-37(15)  +  10-52(16) 

—  10-15(17) 

—  i'3  -3'36(4)  +  n-6i(5)  -  8-25(6)  -  5-96(11)+  5-96(14)  +0-17(20)  +  2-57(22)  -  2-74(23) 

+  1-43(27)- 1-43(29) 
-6-3-2-88(1)  +775(2)  -4-87(3)  -3-36(4)  +4-66(6)  -  1-30(8)  -0-37(15)  +0-42(17) 
-0-05(19)  +0-17(20)  +2-57(22)  -  274(23)  -3.16(25)  +4-59(27)  -  1-43(29) 

—  4-3  — 4-22(9) +41-72(10)  —37-5o(:i)— 2-38(20) +  3-96(21)- 1-58(22)  — 18-25(27) 

+  20*07(28)  —  1-82(29) 
+  0-8-4-22(9) +5-39(io)  —  i-i7(T2) -0-81(17) +  6-68(18) -5-87(19) -2-38(2o)+3-96(2i) 

-  1-58(22)  -  2-48(25)  +  4-30(28)  -  1-82(29) 

+  29-8 -39-05(24)  +  106-40(26)  -67-35(28)  +  1771(30)  +  17-18(31)  —  34-89(35)- 27-26(38) 
+  25-64(40) +  1-62(41) 

-  II2-I  -  39*05(24)  +  97*70(25)  -  58-65(26)  -44-27(36)  +42-65(38)  +  1-62(41)  +  47-85  (43) 

.-38-80(45) -9-05(47) 

4-4-5-9*77(25)  +  16-51(26)  -6-74(28)  +  1-77(30)  +4171(34)  -43-48(35)  -f  29-83(42) 

-4*78(43)  -25-05(47) 
+  7*5-3*62(31)  +9*21(32)  -5-59(35)  -13*23(38)  +  16-82(39)  -3-59(40)  -0-94(42) 

+  5-69(44)  -4*75(45) 
+  3*9  -  3*62(31 )  -f  4898(32)  -  45-36  (33)  -  3-06(37)  +  6-65(39)  -  3-59(40)  -  26-16(56) 

+  26-62(57)      0-46(59) 
+  4-2  -  3*62(31 )  -t  9*21  (32)  —  5-59(35)  -3-06(37)  +  6-65(39)  -  3-59(40)  -  0-94(42) 

+  1-97(44)  -  1*03(46)  —  2-81(55)  +  3*27(57)  -  0-46(59) 
-3-9-  1-62(49)  +  2-73(50)  -  i-ii  (51)  -0-53(54)  +  12-48(57)  -  11-95(58)  -8-50(60) 

^9*05(61) -0-55(62) 


Correc- 
tions. 

C. 

c. 

C3 

(I) 

—  I 

—  I 

(2) 

-^i 

—  I 

(3) 

-fl 

+1 

(4) 

(5) 

•      V      •      • 

•   •   •  % 

•     ■     ■     • 

(6) 

—  I 

(7) 

—I 

(8) 

+  1 

+1 

(9) 

C4 


Correlate  equations, 
C5  Ce  C, 


Ca 


'XO 


-II 


•13 


'«S 


—I 


+1 


•    ■    «  •    • 


+1      -I 


TRANSCONTINENTAL  TRI ANGULATION — PART  I — BASE  LINES.       1 59 

FIGURE  ADJUSTMENT— continued. 
Correlate  equations — Continued. 


Correc- 
tions. 


10, 

II 

12 

13: 

i6] 

17; 
18; 

19] 
20^ 

21 

22^ 

24; 

25; 
26^ 

27 

28) 

29; 
.30] 

;3i 
32; 

:33; 
:34: 
:35; 
[36] 

:37: 
;38; 

:39] 
;4o] 

M 
M\ 
AS. 
M\ 

:46: 
48; 

49] 


C, 


—  I 

-fl 


•     •    •    • 


•  •  •  •  •  •  • 


C4 


—I 

-I     +1 
+1 

—I        —I      

+1 

+1     -I 


+1 


•  •    • 


--r 


■fx 


—I 


—I 
4t 


•    a  •    • 


•  •   •    •   • 


C6 


•     •  •     ■    • 


+  1 


—  I 


+  1 


••■  ••••  ••• 


Cs 


—I 

+1 


-fi 


—I 


4-1 


—I 


+1       H-i       -fi 

—I       —I       —I 

+1 


'XO 


'II 


'la 


•        •  •  • 


—  I 


-I  +1 


—I 


—I 


"i*  *         •«••       ••«.        ^^x 


'«3 


•  • 


•    •   •   « 


—I 

—I 

—I 

+1 

+1 

—I 

•    •    •    • 

•    •    •    • 

•    ■    •    • 

■  •  •  ■ 

•  •  •  ■ 

+1 

—I 

+1 

+1 

—I 

—I 

—I 

•  •  • 

•  •  ■  • 

+1 

+1 

•   •  .  • 

+1 

—I 

+1 

•    •    •  •    •   ■ 


•   •  •  • 


i6o 


Correc- 
tions. 


(50 
(52) 
(53) 
(54) 
(55) 
(56) 
(57) 
(58) 
(59) 


C. 


UNITED  STATES  COAST  AND  GEODETIC  SURVEY, 

FIGURE  ADJUSTMENT— continued. 

Correlale  eyua/ions — Continued. 

C         C,         C4         Cj         C«         C,         C         C,        Co 


'Xt 


+  1 


•19 


'»3 


—I      —I 

+1 


+1 


Correc- 
tions. 

(« 

(»; 

(3; 

(4: 

(5: 

(6: 

(7; 
(s; 

(9; 

10^ 
II 

12 

H] 
15; 

17; 

19; 
20 1 

21 

22 

23: 

24; 

25; 
26 

27 
28 


Correlate  equations  -  Continued. 


'«4 


'Xt 


'«7 


'X8 


•  •  •  • 


••••  •••• 


'I9 


•  -  o  -37 
•I  10  -52 
—  10-15 


C,o 


-  596 


+  5-96 


'91 


-2-88 

-2 -88 

4-  7  75 

+7  75 

~  4-87 

-4-87 

-  3-36 

-336 

•  •  •  • 

-fii-6i 

■  •  •  • 

•  •  ■   • 

—  17  '02 

-  8  25 

4*66 

\  18  -32 

—    1*30 

—  1-30 

—   4*22 

4-41  72 
-37  50 


•   •   •   • 

-0-37 
-fo-42 
— 005 

•  •  •  • 

-f  0-I7 

+017 

-  2  -38 
+  396 

+  2-57 

+  2-57 

-  1-58 

-  274 

-2*74 

•  ■  •  ■ 

-3  16 

•  •  •  • 

-f  1*43 

+4*59 

—18  -25 
420-07 

TRANSCONTINENTAL  TRI ANGULATION — PART  I — BASE  LINES.        l6l 

FIGURE  ADJUSTMENT— continued. 


Correc- 
tions. 


(29I 

(30) 

(31 

(32; 

(33 

(34] 

(35; 

(36; 

(37: 

(38; 

(39I 

(40; 

(41 
(42; 

(43; 
(44: 
(45; 
(46; 

(48; 

(49) 
(50; 

(51 
(52: 

(53; 
(54 
(55; 
(56; 

(57 
(58; 

(59; 
(60] 

(61 

(62: 

(63: 
(64; 
(65: 


-+  I 


—I 


-f-i 


—  I 


-HI 


—  I 

-fi 


—I 


-hi 


ConrfaU  egua/ions— Continued. 

C|6  V^i7  v,i8  V.19 


—  I 

-fl 


—  I 


—  I 

4-1  .  I 


—  I 


-HI 


— 1 

-fi 


-  I 

-^  I 


—  I 


+  1 


•  •  •  ■ 


■  •  •  • 


—I 


^  I 


-I 

-fi 
—I 


C«, 


-91 


■39 


-  I  "43 


'•43 


—  I  -82 


•  •  •  • 


•  •  •  ■ 


•  •  •  • 


•  •  •  • 


18732 — No.  4 1 1 


I02 


UNITED  STATES  COAST   AND  GEODETIC   SURVEY. 


Correc- 
tions. 

(I 

(2: 

(3: 

(4: 

(5: 

(6: 

(7: 

{»; 

(9: 

(lO) 

(14; 
('s: 
(16: 

('7: 
(18; 
(19: 

(20; 

(21 

(32] 

(23: 
(24: 
(25: 
(26; 

{27: 
(28: 

(29: 

(3> 

(32; 
(33! 

(34: 

(35; 

(36: 

(37; 

(38: 
(39: 

(401 

(41 


c, 


-4  '22 

5-39 

— 1  'ly 


-f  4  '30 

-1-82 


PiGURB  ADJUSTMENT— continued. 
Correlate  equatiofis — Continued. 


'34 


.-as 


Q* 


^ 


C^ 


•  «  •  • 


«   t  •  • 


•  •  •  • 


— o-8i 

+6-68 

• 

-5  87 

-2-38 

•  •  • 

•   ■  • 

•  •  •  • 

+3  96 

-1-58 

-  39*05 

-39  05 

—2  -48 

.... 

-f  97  70 

-  9  77 

*  106  40 

-5«  -65 

'  16-51 

•   •   •   • 


-  67  '35 

-f  1771 
-f  17-18 


-  674 


-f    I  -7 


// 


3-62 
9  '21 


3  62 

48-98 

45  36 


—3-62 
■f9*2i 


-  34-89 


-H41  71 
-43  -48 


-  5*59 


—   27  '26 

4-  25-64 
-|-     1  '62 


-44-27 
-^42  '65 


3-06 


-5*59 


3  06 


13-23 

\  16-82 

-f  6-65 

4  6  65 

-  3 '59 

3  59 

-3 '59 

I  -62 
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FIGURE  ADJUSTMENT— continued. 
Correlate  equations — Completed.  , 


Correc- 
tions. 


(42) 
(43) 
(44) 
(45) 
(46) 

(47) 
(4H) 

(49) 
(50) 

(50 
(5^) 
(53) 
(54) 
(55) 
(56) 

(57) 

(58) 

(59) 
(60) 

(61) 

(62) 


Qu 


c 


25 


-96 


'27 


Qr8 


'«9 


—    9*05 


•25  -05 


•     •    •    • 


—26*16 
■I   26   62 

•  -    G  '46 


—  I  -03 


—2 -fir 


t  3*27 


(^■46 


Cs.. 


+29  -83 

0-94 

-0-94 

+47  -85 

-  478 

-      5-69 

+  1  '97 

-38  -80 

•      a      •      • 

4  75 

•    •■•                           •■•• 

—  T  '62 

-r   273 

—  1  "11 


-  oy; 


4-12-48 

II '95 

-8-50 

49-05 

-0  55 

o=— 0*09 

-0-98 

—0*22 

-098 

4-1-29 

0-33 

—0*24 

-1*49 

+0-54 

-hi -41 

-2-58 

+  1  -52 

4-0 -66 

c, 


4-6 


C, 


+2 
4-6 


—  2 

+  2 
4-6 


Normal  equations. 


C4 


—2 
4-6 


C, 


—2 


-f-6 


—  2 

"2 

t-6 


C7 


-f2 


-f-6 


C 


10 


C„ 


-1-2 

+  2 

+6 

+  2 

-f2 

+6 

—  2 

>      ■      • 

•    «    • 

+6 

+2 
-f6 

13 


+2 


+6 


C. 


—2 
—2 

4-2 
-h6 
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FiGUiiE  ADJUSTMENT— continued. 
Normal  equations — Continued. 


-u 


'X5 


16 


17 


•  x8 


'19 


-90 


•21 


—  0*09 

+26  -35 

+  14*21 

-f  467 

—  0-98 

—  1072 

—    2  '92 

—   0'22 

—  22  '40 

-11-83 

—    0*98 

-hio-i5 

+  7*39 

-f    728 

+19-25 

+    1-29 

•  ■  • 

•     ■      V 

•  •  * 

•  •  • 

-17-02 

-16  16 

-f    271 

—  2-64 

0-33 

—  6*42 

-    3   62 

—  16-05 

— -   0-24 

+  3*11 

+20-07 

-  I  "49 

+20*07 

+  0-54 

+20*07 

-f  1-41 

•  •  • 

•    •    • 

•  •  • 

•  •  ■ 

•  #•                          •••••• 

—  2-58 

+2 

+  1-52 

—  2 

+  066 

+2 

o=-f  1-36 

-f-6 

—2 

~2 

+3 

+  0-I3 

•  •  • 

+6 

-f2 

—2 

•  •■                          •••••• 

• 

+  I  -65 

1-6 

--  2 

\'> 

—  0-46 

f6 

1  ■' 

—  o'69 

-157 

4-932  90 

140*41 

1    10-32 

-  1*3 

•  •  • 

•   •  • 

■  «  • 

•      • 

•   ••                         •••••• 

+303  '42 

-     440 

+ 

195  -54 

-6-3 

+  174-33 

— 

85-63 

4*3 

+3  927  64 

Normal  equations— QonWnyjt^ 

Ca, 

Cu 

C«s 

C,6 

C,7 

C,8 

C. 

c^ 

— 

0-22 

+036 

■ 

— 

0-98 

3  75 

-  97  70 

-r    9-77 

+ 

I  -29 

—2*64 

•      •      •       •      a      • 

— 

0-33 

+3 -20 

— 

0*24 

5*77 

-  85-06 

-     97-70 

+  42  97 

— 

1-49 

+  4-30 

-  52  -85 

+     40    67 

-    8*51 

—  0-03 

—    003 

— 003 

+ 

0-54 

+4  -30 

-226-35 

+  106-50 

—  103*11 

-  4-65 

-4  -65 

+ 

I -41 

+  174-33 

-147-28 

--   21  *29 

+  8-48 

— 

2-58 

+  27  26 

-  81  *45 

-^19-61 

+    6-65 

+4-68 

+ 

1-52 

-  34  -89 

73 '31 

-  4-65 

+  19-20 

—2*87 

+ 

066 

—  27  -26 

+  81  -45 

8*48 

+    2-60 

+4-38 

+ 

1-36 

-f  16-82 

-17-37 

+5-98 

-  9  75 

+ 

013 

—  9-21 

-41  -56 

-5 '94 

+  9  75 

+ 

1-65 

+26    62 

-^3*27 

+  17-12 

— 

0-46 

—  26    62 

3*27 

-20-08 

— 

0-69 

• 

—21  '02 
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0= 


-  157 

-  1*3 

-  6-3 

-  4*3 
-h    0-8 

4-  29-8 

-  II2'I 

-f     4-5 


4- 


7 '5 

3  9 
4-2 

3  9 


C« 


FIGURE  ADJUSTMENT — completed. 
Normal  equations— Q.oxrv^^\sA, 

C«4  Caj  g  Cad  t-a; 


Cdi 


C,9 


-f-8-22 

-1-86 

■t-5'93 
+356  -13 
+17976 


—30873      -r  30*87 

-I  351  71  -135*17 

—    289  '60        —242  -30      —    4  73 

+20  611  -12  —  5  875  -48  +3  758-65  4-401  "45 

4-22  168-45    -I  925- 10  — 379*96 

4-5  586  '94  +215  -oi 

+655  -83 


154-24    -i-  40-80 


4-215  -OI 
+588-95    +266-01 
-h5  929  '33     f  617  -94    +332  -22 
-f-220-28     f  40  81 
-f  464  -60 


Resulting  values  of  correlates  and  of  corrections  to  angular  directions: 


C,=— o  -272 
C=-4-o  294 
03=4-0098 
C4=-ro-i3o 
C5=— 0-264 
C«=+o  -002 
C7=+o  -694 
C8= +0-648 


C9=— I  -312 
C,o=— 0-928 

C„=-t-i  -512 

C,a= -0-556 
C,3= +0-642 

C.4=-i307 
C,5=— o  499 

C,6=- 0-865 


(I 

(2 

(3 
(4 
(5 
(6 
(7 
(8 

(9 
{10 

(II 
(12 

(13 

(14 

(15 
(16 

(17 


=  —0-267 
=-f-o  -290 
=—0-022 
=4-0  -087 
=—0-096 
=— o  -050 

=+0-148 

=— o-o88 
=-0-483 
=+0-171 
=  4-0-030 
=-0-031 
=^0-370 
=-0  -057 
=  -0-424 
=+0-548 
=—0-295 


// 


i8)= -0-332 

i9)=+o-503 
20)=— o -1 15 

2l)=-hO-203 

22)=+o-3i6 

23) =-0-403 

24)=-o-277 

25)  =  +  0"205 

26)=— o  -391 

27)=-ro-449 
28)i=4o-i8i 

29)=— o  "167 

30)=— 0-024 

3i)=+o-863 

32)=— o  -024 

33)=+o-2oi 


C,7=-*-0  005 
C,8=+0  -605 

C,9=+o-o24  I 

Cao=— 0-008    24 

Ca,=4-o-o6i  o 

Cm=- -0-002   91 
Ca3= -0-054    2 
Ca4=->  0-003    45 

// 

(35)  =  -0-426 

(36)=-o-478 
(37)=+o-849 

(38)=-ro-i97 
(39)=-ro-094 

(40)=— 0*406 

(4i)=-o-257 

(42)=+o-987 

(43)=+o-28o 

(44)=- 1 -526 

(45)=-o-559 
(46)=4-o-i45 

(47)=-t^o-674 
(48)=-o-205 
(49)=-o-099 
(5o)=+o-22i 
{5i)=-o-93o 


Ca5=— O'OIO  8 
Ca6=— 0-030  8 
Ca7= +0-017    2 

Cae= —0-003  18 

Ca9=-0  057  O 
Cjo=  + 0-058    2 


// 


(52 
(53 

(54 
(55 
(56 

(57 
(58 

(59 
(60 

(61 

(62 

(63 
(64 

(65 


=+i  -512 

:-    0-499 

H  o  -229 

:  +  0  -074 
: +0-026 

=-f-o  -393 

:— 0-085 
=  -0-638 
=  4-0  -370 
:  —  O  -079 
:— 0-292 
:— 0-610 

=-r  0-605' 

:-hO-005 


;34)=-o-59i 

2  of  4-  corrections  1 1  -226 
2  of  —  corrections  1 1  -226 
Check:  \^pvv\  =  -f  14  -199 
—  {wC]  =  +  14  -207 


Mean  error  of  an  observed  direction  »»,  =  \^^ — -  =  ± o'^ '69  where n 
equations;  mean  error  of  an  angle  m^  =  m,  v^  =  ±  o'^  -  98;  also  probable  error 


=  number  of  conditional 
of  the  same  =  db  o^^  '66. 
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UNITED  STATES  COAST  AND  GEODETIC  SURVEY. 


No. 


TRIANGLES  OF  THE  ST.    AI<BANS  BASE  NET,   WEST  VIRGINIA,    1880-1893. 

Stations.  Observed  anj?les.      \'T1'J?''      ical  ical  Log  s. 


Correc     ^pher-     Spher- 
Observed  angles.        tioi^        *^^^  ^^^^ 

angles,     excess. 


Distances 
in  metres. 


// 


Ryan  75    45    35*33 

St.  Albans  East  Base      75     17     23  -46 
St.  Albans  West  Base     28     57    00  '54 


59*33 
Rogers  62     17    51  40 

St.  Albans  West  Base  103    47    39*21 

St.  Albans  East  Base      13    54    31  '28 


Ryan 

St.  Albans  East  Base 

Rogers 


01  "89 
66     II     10  72 

89     II     54*74 
24    36    56-21 


01  -67 

Rogers  37    40    55-19 

St.  Albans  West  Base  132    44    39  -75 

.  Ryan  9    34     24-61 


Coal 

5 

Rogers 

Ryan 

Simms 

6 

Ryan 

Rogers 

Simms 

7 

Coal 

Rogers 

'Simms 

8  < 

Ryan 

.  Coal 

Big  Rocks 

9 

Rvan 

.  Coal 

Big  Rocks 

10  « 

vSimms 

Ryan 

59*55 

63 

53 

01  -11 

79 

16 

59*51 

36 

49 

56-13 
56  75 

34 

34 

53-71 

77 

39 

33*47 

67 

45 

34-27 
01-45 

9 

02 

44-69 

23 

54 

38-98 

147 

02 

33  -78 
57-45 

25 

32 

09  02 

114 

29 

29  60 

39 

58 

22-13 
0075 

17 

57 

50  79 

32 

13 

48  20 

129 

48 

22  62 
01  "61 

32 

48 

53*17 

64 

55 

28-25 

82 

15 

41-40 
02  82 

// 


// 


// 


~o  -31  35  -02  o  -oo 
— 0-2I  23-25  o-oi 
-fi -21    01 '75    o'oi 


0*02 

■0  -83  50  "57  o  -oo 
-0  '60  38-61  o  'OI 
-0  -45    30  -83    o  -oo 


O'OI 

-j-o  -16  10  '88  o  -01 
— o  -66  54  -08  o  -oo 
—I  15    55-06    o-oi 


3  '587  756  2  3  870  -403 

3  -586  836  6  3  862  -22 

3  -286  203  6  I  932  -87 

3  *587  756  2  3  870  -403 

3  -627  920  6  4  245  -42 

3-021  516  3  I  05079 

3  -627  920  6  4  245  -42 

3  -666  521  8  4  640*04 

3 -286  203  7  I  932  -87 


• 

0*02 

4-0-32 

55*51 

O'OO 

3  -586  836  6 

3  862  '22 

-ho -62 

40*37 

O-OI 

3*666 

521  8 

4  640*04 

—0-48 

24*13 

0-00 

O'OI 

3  021 

516  2 

I  05079 

-ri  -67 

02  -78 

O-OI 

3*666 

521  8 

4  640*04 

+  1*30 

60 -81 

002 

3*705 

649  9 

*  5  077  *5o 

+0-32 

56*45 

O-OI 

004 

3*491 

062  6 

3  097  -87 

—076 

52-95 

003 

-  3*666 

521  8 

4  640*04 

—1-03 

32 -44 

003 

3  -902  344  7 

7  986*28 

4-0-43 

34  70 

003 

009 

3*878 

923  I 

7  566*99 

— o-jo 

44*59 

O'OI 

3*491 

062  6 

3  097  *87 

-ro-97 

39*95 

O-OI 

3-902 

344  4 

7  986  28 

+171 

35  "49 

O'OI 

0-03 

4-030 

152  I 

10  718  95 

-0-65 

08-37 

0-03 

3*705 

649  9 

5  077  -50 

—0-71 

28  89 

0-03 

4*030 

152  3 

10  718  -95 

4-0-70 

22-83 

003 

0*09 

3*878 

923  0 

7  566*99 

003 

50  16 

003 

3*705 

649  9 

5  077  50 

— 005 

48-15 

0-03 

3  *943  497  8 

8  780*07 

—0-84 

21  -78 

0-03 

0*09 

4*ioi 

993  4 

12  647  -17 

-0-66 

52-51 

008 

3*878 

923  I 

7  566*99 

—  I  -26 

26  99 

008 

4-101 

993  7 

12  647*18 

0-66 

40-74 

008 
0-24 

4*141 

013  0 

13  836  -08 
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TRIANGLES  OF  THE  ST.  ALBANS  BASE  NET,  WEST  VIRGINIA,  1 880-1893— Continued. 


No. 


II 


12 


13 


14 


15 


16 


17 


18 


19 


Stations. 


Observed  angles. 


Correc-    ^?^f     SP^*;^- 
angles,     excess. 


Log  s. 


Distances 
in  metres. 


0 

/ 

ff 

// 

ff 

// 

Big  Rocks 

50 

46 

43-96 

—  I  '29 

42-67 

o*o8 

4*030    152 

2 

10 

718*95 

Simms 

39 

23 

19  23 

—0-60 

18-63 

o*o8 

3  -943  497  7 

8 

780*06 

Coal 

89 

49 

60  49 
03-68 

-1-55 

58-94 

o-o8 
0*24 

4*141  012 

8 

13 

836  -07 

Big  Rocks 

30 

09 

27 '33 

—0-89 

26*44 

005 

3  -902  344 

6 

7 

986*28 

Simms 

:o 

20 

34 '54 

—0-50 

34-04 

005 

3  -904  754  9 

8 

030  -73 

Rogers 

119 

29 

59-36 
01  -23 

-to  -30 

59-66 

004 
0*14 

4*141  012 

9 

13 

836  *07 

Big  Rocks 

20 

37 

16-63 

—0-41 

16-22 

0*02 

3  491  062 

1 

6 

•^ 

0 

097-87 

Rogers 

93 

27 

26 -86 

—  2  'OI 

24-85 

0*02 

3  -943  497 

8 

8 

780*07 

Coal 

65 

55 

21  -51 

—2*52 

18-99 

0*02 

3  -904  754  9 

8 

030  73 

05*00 

0*06 

Big  Rocks 

2 

39 

25-84 

+0*22 

26*06 

O'OO 

3  -666  521 

8 

4  640*04 

Rogers 

172 

44 

26-37 

—0*72 

25-65 

0*01 

'   4-IOI  993 

12 

647-18 

Ryan 

4 

36 

07-93 
00-14 

-f-o  '37 

08-30 

0*00 

o-oi 

3  -904  755 

1 

3 

8 

030  -74 

Piney 

28 

20 

06-35 

— O'll 

06-24 

0*17 

4*030  152 

2 

TO 

718-95 

Simms 

94 

23 

60*02 

—0*46 

59  56 

o*i3 

4-352  518  6 

22 

517  -42 

Coal 

57 

15 

55-56 
01-93 

—0  -84 

54-72 

0*17 
0-52 

4*278  690 

4 

18 

997-24 

Piney 

45 

41 

44*19 

-TO '46 

44-65 

0*18 

4  *I4I  012 

9 

13 

836  -07 

Simms 

55 

00 

40  79 

-f  0  -15 

40-94 

o*i8 

4-199  742 

8 

'5 

839  -55 

Big  Rocks 

79 

17 

34-08 
59  06 

-fo-88 

34-96 

0*19 

0-55 

4  *278  690 

6 

18 

997*24 

Piney 

17 

21 

37  -84 

+057 

38-41 

0*09 

3  -943  497 

8 

8 

780  *o7 

Coal 

32 

34 

04-93 

—0*71 

04  -22 

0*09 

4  -199  742 

7 

15 

839  -54 

Big  Rocks 

130 

04 

18*04 
00 -8i 

—0*40 

17*64 

0  "09 
0*27 

4-352  518 

8 

22 

517  -43 

Holmes 

19 

42 

54-11 

+0-83 

54-94 

035 

4  -199  742 

8 

15 

839  -55 

Big  Rocks 

120 

01 

36-30 

057 

35-73 

0*36 

4*609  083 

9 

40  652    19 

Piney 

40 

15 

30-41 

—0*02 

30-39 

0-35 
1*06 

4  *482  059  9 

30 

343  -lo 

00.  82 

Holmes 

28 

29 

09*02 

0*19 

4*030  152 

2 

10 

718*95 

Coal 

76 

05 

03-84 

+  1-23 

05-07 

0*19 

4-338  751 

4 

21 

814*81 

Simms 

75 

25 

45 -80 

-f  0  -68 

46*48 

0*19 

4  -337  490  9 

21 

751  '59 
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UNITED  STATES  COAST   AND  GEODETIC  SURVEY. 


No. 


TRIANGLBS  OF  THE  ST.  AI.BANS  BASE  NET,  WEST  VIRGINIA,  1880-1893 — Continued. 

Stations. 


Correc-   Sp^«"-    Spher- 
Observed  angles.         f,*r»«o        *cal  ical  hog  s. 


"""'•    angles. 

excess. 

0 

/ 

// 

// 

ft 

// 

r  Holmes 

4 

02 

14*20 

0*04 

20 

Coal 

165 

55 

04-33 

—0-31 

04  -02 

0*04 

Big  Rocks 

10 

02 

4174 

-fo-i6 

41-90 

0*04 

0*I2 

Holmes 

4 

43 

59-89 

0*06 

21 

Piney 

5 

26 

1378 

+0-48 

14*26 

o*o6 

Simms 

169 

49 

45*82 

-fO-22 

46*04 

0*07 
0-19 

Table  Rock 

57 

44 

55-88 

— o-o6 

55-82 

0-92 

22   i 

Piney 

33 

40 

49 -22 

-fo-24 

49-46 

0*92 

Holmes 

88 

34 

16-67 

+o-8o 

17-47 

0-91 

0177 

2*75 

Pigeon 

94 

31 

34  -23     ■ 

+0-43 

34-66 

o-8i 

23   ^ 

Piney 

55 

43 

03-16 

— o-6r 

02-55 

o*8o 

^  Table  Rock 

29 

45 

24*69 
02*08 

-f-o-51 

25-20 

o*8o 

2*41 

Big  Rocks 

89 

24 

•  •  •  •  •                « 

21-65 

0-25 

24  < 

Pigeon 

41 

27 

17-14 

+0-32 

17*46 

0*24 

Piney 

49 

08 

21-97 

o*35 

21  -62 

'J -24 
0-73 

Big  Rocks 

100 

23 

•   •  •  « 

07-77 

0-48 

25   ' 

Table  Rock 

26 

32 

35-84 

+0-65 

36*49 

0-49 

Pigeon 

53 

* 

04 

17-09 

-fO'II 

17  20 

0*49 
I  *46 

Big  Rocks 

50 

10 

•  •  •  • 

54-87 

0*64 

26  i 

Holmes 

68 

51 

22-56 

~o'n/\ 

22  -52 

0*64 

Table  Rock 

60 

57 

44-73 

— 0-20 

44-53 

0*64 
I  -92 

Big  Rocks 

170 

12 

•   •  •  • 

30  59 

0-08 

27   ^ 

Piney 

6 

34 

41-19 

—0*27 

40-92 

007 

Table  Rock 

3 

12 

48-85 

—0-14 

48-71 

0-07 

0-22 

Piney 

22 

53 

52  57 

—0-60 

51-97 

0-30 

28  ^ 

Holmes 

23 

45 

•   «   •   • 

09-14 

0-30 

Coal 

133 

20 

59-40 

+0-39 

59-79 

030 

Distances 
in  metres. 


o  -90 


3-943  497  8  8  78007 

4  -482  059  8  30  343  -09 

4*337  491  o  21  751-59 

4  -278  690  5  18  997  -24 

4  -338  751  2  21  814  -80 

4  '609  083  6  40  652  -16 

4  -609  083  9  40  652  -19 

4  425  805  7  26  656  -66 

4  *68r  725  o  48  053  *5o 

4  *68i  725  o  48  053  -50 

4*600  201  9  39  829-23 

4  -378  842  6  23  924  -49 

4  -378  842  6  23  924  -49 

4  -199  742  9  15  839  '55 

4-257  561  3  18  095*11 

4  *6oo  201  9  39  829  -23 

4*257  561  2  18  095*11 

4*510  131  o  32  369-13 

4*425  805  7  26  656-66 

4-510  131  o  32  369*13 

4  -482  059  9  30  343  -lo 

4  -681  725  o  48  053  -50 

4-510  131  o  32  369-13 

4  -199  742  8  15  839  -55 


4  337  490  9  21  751  -59 
4*352  518  8  22  517-43 
4  -609  083  8   40  652  -18 
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TRIANGLES  OF  THE  ST.  ALBANS  BASE  NET,  WEST  VIRGINIA,  1 88o- 1 893— Completed. 


No. 


Stations. 


29 


30 


31 


33 


34 


35 


Holmes 
Big  Rocks 
Simms 

f  Ivy 
Pigeon 
Table  Rock 


Ivy 
Piney 
Table  Rock 


Ivy 

Piney 

Holmes 

Ivy 

Table  Rock 

Holmes 

Summersville 

Ivy 

Table  Rock 


Summersville 

36  {  Table  Rock 
Holmes 

Summersville 

37  {  Ivy 
Holmes 


Observed  angles. 

Of  // 

24  26  

40  44  02  '22 

114  49  0503 

32  02  48  '46 

37  35  3279 

no  21  44*38 

05  63 

20  26  31  'OO 

19  26  .... 

140  07  09  -07 

II  36  17-46 

132  07  07  '02 

36  16  

26  59  54  49 

53  07  

99  52  59  74 

6  33  23-49 

162  07  55  -05 

II  18  43-07 


01  -61 
36  07  24  -98 
58    22    03  -66 

85    30    38*93 

07  57 
23  23  13  -51 
76    37     16 -12 

79    59    34*50 


04*13 
59  30  3849 
51  48  40-17 
68    40    5143 

10*09 


Correc-    ^P^^-    ^P^?" 


tions. 


ical 


ical 


angles,     excess. 


// 


// 


// 


54*83  0-23 
—1-45  00-77  023 
4-0  -07    05  -10    o  -24 


0*70 
-0  -14  48  -32  I  45 
-0  -72    32  -07     I  -45 

■0-43    43*95     1*44 


4*34 
4-005    31-05     I  19 

23  '37     I  *i9 
-fo  -09    09  -16     I  -20 


3*58 

0-18     17-28     1-06 

o  -29    06  -73     I  -05 

39  -16     I  -06 


3*17 
{-0-24    54-73     2-43 

12-85     2  -43 

— o  -04    59  -70    2  -42 


7-28 
-f  o  -20    23  -69    o  -32 

—002    55-03   0-31 

— o  -84    42  -23    o  -32 

095 
+056   25-54   255 

— o  04  03  -62  2  '55 
— o  -43  38  -50  2  56 

7-66 
—0-31  13-20  1-45 
-fo  -40  16  -52  I  -45 

4-0  -13  34  -63  I  -45 


4*35 
-f  o  -25  38  -74  3  69 

-0-24  39-93  369 
4-0  -97  52  40  3  '69 

II  -07 


Log  5. 


4  -600  201  9 
4  -660  783  2 
4-847  408  2 


4  -660  783  2 
4  '820  429  8 
4  -888  948  7 

4  -425  805  7 

4  *8i5  138  7 
4  -820  429  8 


Distances 
in  metres. 


4*141  012  9  13  836-07 
4*338  751  5  21  814-81 
4  -482  059  8   30  343  -09 


39  829  -23 

45  791  '33 
70  373  '34 


4  -681  725  o  48  053  -50 

4-660  783  o  45  791*31 

4  945  576  3  88  221  -88 

4  -378  842  6  23  924  -49 

4  '945  576  7  88  221  -96 

4  -847  408  4  70  373  '38 

4  -609  083  9  40  652  19 

4  '855  099  I  71  630  -68 

4  '945  576  5  88  221  -92 

4  -425  805  7  26  656  -66 

4*855  099  I  71  630 -68 

4  -660  783  2  45  791  '33 


45  791  '33 
66  13476 

77  437  '04 

26  656  -66 

65  333  '92 

66  134*76 


4  "855  099  I  71  630  -68 
4  *8i5  138  7  65  333  -92 
4  -888  948  6   77  437  -02 
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PROBABLE  ERRORS. 

Determination  of  the  probable  errors  of  the  length  of  the  sides  common  to  the  net  and  to  the  adjacent 

.  chai?!S  of  tri angulation. 

For  the  side  Summersville  to  Ivy,  as  adjusted,  we  make  use  of  the  expression — 

Summersville  to  Ivy  _  sinj  16  —  15)  sin  (5  —  7  -f  16—  19)  sin  (34  — 30)  sin  (43—42)  sin  (53  —  52) 
St.  Albans  Base    "sin  (3  —  i )  sin  (7  —5)  sin  ( 19  —  18)  sin  (28  —  26)  sin  (35  —  32)  sin  (46  —  44) 

sin  (57—55)  sin  (62  —  60)  sin  (64  — 63) 
sin  (51  —50)  sin  ("58  —54) 

hence  the  function — 

F  =  log  sin  ( 16  —  15)  -^-  log  sin  (5  —  7  4-  16  —  19)  -f  log  sin  (34  —  30)  -f  log  sin  (43  —  42)  -f  log  sin 
(53  -  52)  -r-  log  sin  (57  —  55)  -r-  log  sin  (62  —  60)  -h  log  sin  (64  —  63)  -  log  sin  (3  -  i)  —  log 
sin  (7  —5)  —  log  sin  (19  -  18)  —  log  sin  (28—26)  —  log  sin  (35  —  32)  —  log  sin  (46  —  44)  — 
log  sin  (51  -  50)   -  log  sin  (58  -  54). 

Establishing  and  solving  the  transfer  equations  we  get  the  reciprocal  of  the  weight 
p  —  32 '380,  also  the  mean  error  nip  and  the  probable  error  rp,  both  expressed  in  units 

of  the  sixth  place  of  decimals  in  their  logarithms,  viz:  ±  3 '92  and  i  2*64,  respectively; 

hence  log.  distance  Summersville  to  Ivy  4*888  948  6  and  the  distance  77  437*02  metres. 

rfc  2  6  rt:  o'47 

The  probable  error  is  about  f  B-T^Virir  P^rt  of  the  length. 

To  this  must  be  added  the  proportional  error  depending  upon  that  of  the  base 

measure,  or  0*003  5  x  J^ -^^^ -—  doo'oj  metre;  hence 

3  870 

Probable  error  of  length  of  side  Summersville  to  Ivy  V(o'47)'  -f-  (0*07)'  =  ±0*48 
metre. 

For  the  side  Piney  to  Pigeon  we  use  the  expression — 

Piney  to  Pigeon  _  sin  (20  —  21  +  28 j-  29)  sin  (43  —  42)  sin  (53  —  52)  sin  (57  —  55) 
Str Albans  Base"  sin  (21  —  20)  sin  (28—  26)  sin  (35  —32)  sin  (46  —  44) 

sin  (62  —  60)  sin  (64  —  63) 

sin  (51  —50)  sin  ("58  —  54) 

F  =  log  sin  (20—21+28  —  29)  -r  log  sin  ^43  -42) -f- log  sin  (53 —52) -f  log  sin  (57  —  55)  -flog 
sin  (62—60)  -f  log  sin  (64  -63)  —  log.  sin  (21  —  20)  -  log  sin  (28  -  26)  —  log  sin  (35  —  32) 
—  log  sin  (46  -  44)  -  log  sin  (51  —  50)  —  log  sin  (58  -  54). 

Establishing  and  solving  the  transfer  equations  we  get— =  22*696;  also    W/r  = 

it  3*28  and  ;'/r  =  rb  2*2i;  hence  log.  distance  Piney  to  Pigeon  4*378  842  6  and  distance 

db  2  2 

23924*49   metres.     The  probable   error   is   about    igg\(ro    part.     We  add  to  this  the 
db  o*i2 

2'2    024 

proportional  error  arising  from  the  base  measure,  or  0*003  5  X    ^      =  ±0*02  metre; 

hence — 

Probable  error  of  length  of  side  Piney  to  Pigeon  V(o*i2/  +  (0*02)'  =  ±:  0*12  metre. 
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GENKRAI*  DESCRIPTION  OF  STATIONS  FORMING  ST.   ALBANS  BASE  NET»  WEST  VIRGINIA. 

SL  Albans  East  Base,  Kanawha  County;  established  by  W.  B.  Fairfield  in  1891. 
This  Station  is  situated  about  2  miles  east  of  the  Chesapeake  and  Ohio  Railroad  station 
in  the  town  of  St.  Albans,  about  150  feet  west  of  the  west  bank  of  Swindlers  Creek  and 
60  feet  north  of  the  north  rail  of  the  main  line  of  the  Chesapeake  and  Ohio  Railroad 
track.  It  is  in  the  southeast  corner  of  a  large  field  belonging  to  Mr.  Samuel  Shrews- 
berry.  The  geodetic  point  is  marked  by  a  copper  bolt  with  fine  hole  drilled  at  the 
intersection  of  cross  lines  cut  on  it  in  the  top  of  a  limestone  post  6  inches  square  and  2 
feet  long,  buried  with  its  top  4  feet  below  the  surface.  Over  this  was  placed  a  concrete 
block  3>^  feet  square  and  i  foot  thick,  having  a  hole  9  inches  square  in  the  center.  On 
this  foundation  was  placed  a  monument  of  Indiana  limestone  i^  inches  square  and  4 
feet  high,  the  upper  foot  projecting  above  the  surface  of  the  ground  and  being  cut  in  a 
pyramidal  form  with  a  copper  bolt  in  its  apex.  A  fine  hole,  drilled  at  the  intersection 
of  cross  lines  cut  on  this  bolt,  marks  the  geodetic  point. 

St,  Albans  West  Base,  Kanawha  County;  established  by  W.  B.  Fairfield  in  1891. 
This  station  is  situated  in  the  town  of  St.  Albans,  on  the  west  side  of  First  street,  60 
feet  north  of  the  north  rail  of  the  main  line  of  the  Chesapeake  and  Ohio  Railroad  track 
and  on  the  line  of  the  fence  forming  the  eastern  boundary  of  the  land  belonging  to 
Mr.  Daniel  J.  Lewis,  who  lives  in  the  brick  house  on  this  lot.  The  markings  and 
monument  at  this  end  of  the  base  are  similar  in  every  respect  to  those  at  the  East 
Base  station. 

Rya7i,  Kanawha  County;  established  by  W.  B.  Fairfield  in  1891.  This  station  is 
situated  about  2  miles  northeast  of  the  town  of  St.  Albans  on  the  north  side  of  the 
Kanawha  River.  It  is  on  the  top  of  a  small,  cleared,  rounded  hill  on  the  land  of  Mr. 
Pat  Ryan,  and  is  on  the  highest  part  of  the  Ryan  farm.  The  geodetic  point  is  marked 
by  the  apex  of  an  earthenware  pyramid,  buried  3  feet  below  the  surface,  over  which 
was  placed  a  6-inch  draintile  pipe  filled  with  concrete  and  having  a  6-inch  spike  in 
the  center  of  the  top,  which  projects  about  2  inches  above  the  surface  and  is  marked 
U.S.C.&G.S.  1893.  As  reference  marks,  four  4-inch  draintile  pipes  filled  with  concrete, 
with  a  nail  in  the  center  of  each,  were  set  as  follows:  One  due  north,  distant  5*95  feet; 
one  due  east,  distant  6  feet;  one  due  south,  distant  6  04  feet,  and  one  due  west,  distant 
6  feet  from  the  geodetic  point.  The  tops  of  these  pipes  project  about  3  inches  above 
the  surface  of  the  ground. 

Rogers,  Kanawha  County;  established  by  W.  B.  Fairfield  in  1891.  This  station  is 
situated  on  a  sharp,  rocky  hill  with  a  small  top  on  the  west  side  of  Coal  Rivef,  about 
one-half  mile  from  the  town  of  St.  Albans  in  a  southwest  direction,  on  land  belonging 
to  Mr.  L.  R.  Rogers.  The  geodetic  point  is  marked  by  a  cross  cut  on  a  copper  bolt  sunk 
in  the  solid  rock  15  inches  below  the  surface  of  the  ground,  over  which  was  placed  a 
6-inch  draintile  pipe  filled  with  concrete  and  with  spike  in  the  center,  projecting  about 
3  inches  above  the  surface  of  the  ground. 

The  reference  marks  are  holes  drilled  in  the  rock,  north,  east,  and  south,  and  a 
4-lnch  draintile  pipe,  filled  with  concrete  and  with  a  nail  in  the  center,  to  the  west,  at 
the  following  distances  from  the  geodetic  point:  North  hole,  13  feet;  east  hole,  11 '20 
feet;  south  hole,  5*58  feet,  and  pipe  to  west,  6*64  feet. 

Coal,  Kanawha  County;  established  by  W.  B.  Fairfield  in  189 1.     This  station  is 
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situated  about  2  miles  from  the  town  of  St.  Albans,  in  a  southerly  direction.  It  is  on 
the  highest  point  of  the  ridge  known  as  the  Indian  Creek  Hills,  on  a  sharp  rocky 
point,  small  on  top  and  with  very  few  trees  on  it,  belonging  to  Mr.  Tom  Vickers.  The 
geodetic  point  is  marked  by  the  apex  of  an  earthenware  pjrramid,  buried  3  feet  below 
the  surface,  over  which  was  placed  a  6-inch  draintile  pipe,  filled  with  concrete,  with  a 
6-inch  spike  in  the  center  as  a  surface  mark.  As  reference  marks,  3  holes  about  i  inch 
in  diameter  and  6  inches  deep  were  drilled  in  the  solid  rock,  as  follows:  One  bearing 
south  3°  38'  west  (true),  distant  17 "55  feet;  one  bearing  north  16°  26'  west  (true), 
distant  9*60  feet,  and  one  bearing  north  32°  20'  east,  distant  13  feet,  from  the  geodetic 
point. 

Simms,  Putnam  County;  established  by  W.  B.  Fairfield  in  1891.  This  station  is 
situated  on  the  west  side  of  the  Kanawha  River,  about  5  miles  in  a  northerly  direction 
from  St.  Albans.  It  is  on  the  land  of  Mr.  Robert  Simms,  and  on  the  highest  point  of 
the  first  river  hill  north  from  Scary  station  on  the  Chesapeake  and  Ohio  Railroad, 
about  2  miles  distant.  The  geodetic  point  is  marked  by  the  apex  of  an  earthenware 
pyramid  buried  3  feet  below  the  surface  of  the  ground.  Over  this  is  placed  a  6-inch 
draintile  pipe,  filled  with  concrete,  and  having  a  6-inch  spike  in  the  center  as  a  surface 
mark.  A  circle  of  cement  6  inches  thick  and  2  feet  in  diameter,  marked  with  the 
letters  U.S.C.S.,  was  put  around  the  top  of  the  pipe. 

As  reference  marks  four  4-inch  draintile  pipes,  filled  with  cement,  with  a  nail  in 
the  center  of  each,  were  set  as  follows:  One  due  north,  distant  5 '85  feet;  one  due  east, 
distant  7*50  feet;  one  due  south,  distant  5*95  feet,  and  one  due  west,  distant  6*85  feet, 
from  the  geodetic  point. 

Big  Rocks,  Kanawha  County;  established  by  A.  T.  Mosman  in  1881.  This  station 
is  situated  on  the  highest  point  on  Big  Rocks  Hill,  about  5  J^  miles,  air  line,  in  a  south- 
westerly direction  from  St.  Albans.  The  distance  by  road  is  between  7  and  8  miles. 
It  is  about  150  yards  to  the  right  of  a  road  winding  up  the  ridge  for  a  distance  of  about 
one-half  mile  from  the  house  of  Mr.  Oxley,  who  lives  at  the  foot  of  the  hill  on  the 
eastern  side.  The  geodetic  point  is  marked  by  the  apex  of  an  earthenware  pyramid 
buried  3  feet  below  the  surface  of  the  ground.  Over  this  was  placed  a  draintile  pipe,  6 
inches  in  diameter  and  2  feet  long  filled  with  concrete  with  6-inch  spike  in  the  center  and 
projecting  about  2  inches  above  the  surface.  As  reference  marks,  four  4-inch  draintile 
pipes,  filled  with  concrete  and  with  nail  in  center  of  each,  were  placed  as  follows:  One 
due  north,  distant  6' 11  feet;  one  due  east,  distant  4*92  feet;  one  due  south,  distant 
6*  18  feet,  and  one  due  west,  distant  5*87  feet  from  the  geodetic  point. 

Piriey,  Cabell  County;  established  by  A.  T.  Mosman  in  1880.  This  station  is  situated 
on  a  ridge  near  the  line  between  Cabell  and  Putnam  counties,  about  2  miles  in  an  air 
line  and  about  4^  miles  by  road  northwest  of  Hurricane  station  on  the  Chesapeake  and 
Ohio  Railroad.  The  geodetic  point  is  marked  by  the  apex  of  an  earthenware  pyramid 
buried  about  2  feet  below  the  surface  in  a  hole  in  sandstone  rock.  Above  this  were 
placed  two  concrete  blocks,  each  6  inches  thick,  the  lower  one  8  inches  and  the  upper 
one  3  feet  square.  On  this  foundation  was  built  a  concrete  pier  2  feet  in  diameter, 
having  a  6-inch  spike  in  the  center  just  below  the  surface  of  the  ground.  In  1891  this 
pier  was  built  up  with  cement,  forming  a  dome  2  feet  in  diameter  and  about  6  inches 
above  the  surface  with  a  spike  in  the  center  and  the  letters  U.S.C.S.  marked  in  the 
cement. 
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As  reference  marks,  4  concrete  blocks  8  inches  square  with  a  6-inch  spike  in  the 
center  of  each,  were  placed  even  with  the  surface  as  follows:  One  north,  distant  6*22  feet; 
one  south,  distant  5  95  feet;  one  east,  distant  5*90  feet,  and  one  west,  distant  6 '05  feet 
from  the  geodetic  point. 

Holmes^  Kanawha  County;  established  by  A.  T.  Mosman  in  1880,  This  station  is 
situated  8^y^  miles  northward  from  Charleston,  West  Virginia,  on  the  ridge  dividing  the 
waters  flowing  into  Coopers  Creek,  and  thence  into  Elk  River  from  those  flowing  by 
Two  Mile  Creek  into  the  Kanawha  River.  It  is  on  the  land  of  Mr.  S.  W.  Gibson, 
about  one-half  mile  northeast  from  the  house  of  Marshall  P.  Holmes  at  the  head  of  the 
left  fork  of  Two  Mile  Creek  (of  Kanawha).  The  geodetic  point  is  marked  by  a  bottle 
set  in  cement  and  over  this  a  sandstone  post  6  by  6  by  30  inches  with  cross  lines  and 
the  letters  U.S.C.&  G.S.  cut  on  top,  reaching  to  the  surface  of  the  ground. 

As  reference  marks,  four  sandstone  posts  of  the  same  dimensions  with  diagonal 
lines  and  an  arrowhead  pointing  to  the  station  cut  on  the  tops  were  set  as  follows:  One 
due  north,  distant  6*94  feet;  one  due  south,  distant  6 '60  feet;  one  due  east,  distant 
6*95  feet,  and  one  due  west  6*69  feet,  from  the  geodetic  point. 

Tabu  Rock,  Kanawha  County;  established  by  A.  T.  Mosman  in  1880.  This  station 
is  situated  about  12  miles  in  an  air  line  south  of  Charleston,  West  Virginia,  on  a  long, 
cleared,  very  narrow  and  steep  ridge  on  the  range  of  hills  lying  between  the  two  forks 
of  Lens  Creek,  which  flows  into  the  Kanawha  at  Brownstown,  and  is  near  the  head 
waters  of  the  creek.  The  geodetic  point  is  marked  by  a  small  bottle  set  in  cement  30 
inches  below  the  surface,  in  a  hole  dug  in  the  sandstone  ledge  underlying  the  soil. 
Over  this  was  placed  a  sandstone  post  6  by  6  by  30  inches  with  cross  lines  and  the  letters 
U.S.C.&  G.S.  cut  on  top»  reaching  to  the  surface  of  the  ground. 

As  reference  marks,  four  sandstone  posts  of  the  same  dimensions,  with  diagonal 
lines  and  an  anowhead  pointing  to  the  station  cut  on  the  tops,  were  set  as  follows:  One 
due  north,  distant  701  feet;  one  due  south,  distant  6*97  feet;  one  due  east,  distant  705 
feet,  and  one  due  west,  distant  6*98  feet,  from  the  geodetic  point. 

Pigeon,  Lincoln  County;  established  by  A.  T.  Mosman  in  1880.  This  station  is 
situated  about  18  miles  in  an  air  line  southwest  from  St.  Albans.  It  is  on  the  land  of 
Tom  HuflFman  at  the  head  of  Middle  Creek,  which  flows  into  Mud  River,  at  a  point 
about  3>^  miles  from  Hamlin  on  the  road  to  Grifl&thsville.  A  path  leads  to  the  top 
from  Huffman's  house.  There  is  also  a  good  path  on  the  east  side  of  the  hill,  about 
one-half  mile  long,  from  the  house  of  William  Stowers,  on  Laurel  Creek,  8  miles  from 
Hamlin.  The  geodetic  point  is  marked  by  the  apex  of  an  earthenware  pyramid  buried 
3  feet  below  the  surface  of  the  ground,  over  which  was  placed  a  sandstone  post  6  by  6 
by  30  inches,  with  cross  lines  and  the  letters  U.S.C.&G.S.  roughly  cut  on  the  top, 
reaching  to  the  surface. 

As  reference  marks,  four  sandstone  posts  of  the  same  dimensions,  with  diagonal 
lines  and  an  arrowhead  pointing  to  the  station,  cut  on  the  tops,  were  set  as  follows: 
One  due  north,  distant  9*07  feet;  one  due  south,  distant  9*05  feet;  one  due  east,  distant 
9*07  feet,  and  one  due  west,  distant  9*01  feet,  from  the  geodetic  point. 

Ivy,  Raleigh  County;  established  by  A.  T.  Mosman  in  1879.  This  station  is 
situated  on  a  knob  of  the  Cherry  Pond  Mountains,  known  as  Ivy  Knob,  near  the  comer 
of  Wyoming  and  Boone  counties.  West  Virginia.  It  is  on  the  highest  part  of  the  knob, 
which  is  of  a  rounded  form  with  a  very  steep  ascent — i  700  feet  to  a  mile.     The  top 
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was  completely  cleared  with  the  exception  of  one  tree  left  standing  near  the  station. 
It  is  about  50  miles  by  road  from  Brownstown  and  about  43  miles  from  Quinnimont, 
two  stations  on  the  Chesapeake  and  Ohio  Railroad,  and  about  35^  miles  b3'.  bridle  path 
from  Mr.  Thomas  Webb's  house  on  Peach  Tree  Creek.  The  geodetic  point  is  marked 
by  an  iron  spike  set  in  cement  in  a  hole  drilled  in  the  ledge  18  inches  below  the  surface 
of  the  ground,  over  which  is  placed  a  sandstone  block  with  a  cross  cut  on  its  top. 

As  reference  marks,  four  sandstone  blocks,  with  cross  and  arrowhead  pointing  to 
the  center  cut  on  each,  were  set  as  follows:  One  north,  24  inches  long,  distant  7*07 
feet;  one  south,  13  iiiches  long,  distant  6*95  feet;  one  east,  23  inches  long,  distant  6*99 
feet,  and  one  west,  30  inches  long,  distant  6*95  feet,  from  the  geodetic  point.  A  hole  4 
inches  deep  is  drilled  in  the  solid  rock  under  both  the  east  and  south  blocks. 

Summersville,  Nicholas  County;  established  by  A.  T.  Mosman  in  1879.  This  sta- 
tion is  situated  on  a  ridge  distant  i  mile  and  bearing  6°  north  of  west  from  Nicholas 
court-hoUse  belfry,  in  the  town  of  Summersville.  The  prolongation  of  the  main  street 
of  Summersville,  which  runs  nearly  east  and  west,  cuts  the  ridge  very  near  the  station. 
The  nearest  railroad  station  is  Kanawha  Falls,  on  the  Chesapeake  and  Ohio  Railroad, 
32  miles  distant.  The  geodetic  point  is  marked  by  a  bottle  set  in  a  hole  in  the  ledge 
underlying  the  white  clay  at  the  station,  over  which  was  placed  a  sandstone  block  30 
inches  long  and  6  inches  square,  having  cross  lines  cut  on  the  top. 

As  reference  marks,  four  sandstone  blocks  of  the  same  dimensions,  having  cross 
and  arrowhead  pointing  to  the  center  cut  on  each,  were  set  as  follows;  One  north, 
distant  7*02  feet;  one  south,  distant  7  feet;  one  east,  distant  7*29  feet,  and  one  west, 
6*90  feet,  distant  from  the  geodetic  point.  Additional  marks  are  a  spike  in  a  large  tree 
standing  alone,  bearing  north  5°  20'  west,  distant  15*4  feet;  a  spike  in  a  stump  bear- 
ing south  29°  43'  east,  distant  14  feet,  and  a  spike  in  a  stump  bearing  north  38*^  09' 
west  and  distant  20*8  feet,  from  the  geodetic  point. 

(^)  Salina  Base  Line,  Kansas,  i8g6, 

I^OCATION,  MEASUREMENT,  AND   I^ENGTH. 

Location  of  the  Base  Line, — This  base  is  located  in  central  Kansas,  near  Salina, 
Saline  County.  The  reconnoissance  for  a  base  was  made  in  1895;  the  site  was  selected 
and  the  line  laid  out  by  Assistant  F.  D.  Granger  in  October,  1895.  Its  middle  point  is 
approximately  in  latitude  38°  52'  and  in  longitude  97°  34',  and  its  elevation  is  about 
369  metres  (i  210  feet)  above  the  ocean.  The  length  of  the  base  is  approximately  6 '55 
kilometres  (4*07  statute  miles)  and  its  azimuth  from  the  east  end  is  68^°. 

The  base  is  in  the  valley  of  the  3aline  River,  north  of  and  nearly  parallel  to 
the  Union  Pacific  Railroad,  between  Saline  and  New  Cambria.  The  general  character 
of  the  ground  is  smooth  and  hard,  rising  gradually  from  East  Base  to  West  Base  with 
a  difference  between  the  base  ends  of  about  6>4  metres  (21  feet);  both  ends  were 
connected  with  the  transcontinental  line  of  spirit  levels.  Beginning  at  the  west  end, 
the  line  crosses  a  cultivated  field  and  enters  the  Salina  and  Cambria  road,  and  following 
the  north  side  of  the  road  for  a  distance  of  5*16  kilometres,  it  reaches  East  Base  through 
cultivated  fields.  At  a  distance  of  6*  11  kilometres  from  West  Base  the  line  crosses  a 
gully,  which  was  bridged.  The  measuring  bars  rested  on  the  bridge,  but  were  handled 
by  the  observers,  supported  by  plank  walks  constructed  on  each  side  of  it.     The  east 
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end  mark  is  situated  about  1*6  kilometres  (i  mile)  west  of  New  Cambria  and  the  west 
end  mark  is  in  North  Salina,  east  of  the  iron  tanks  of  the  Standard  Oil  Company,  on 
land  owned  by  the  city.  These  base  terminals  are  marked  by  two  stone  posts,  one 
above  the  other;  the  subsurface  mark  is  a  copper  bolt  with  cross  lines  set  in  a  limestone 
and  sunk  three-fourths  metre  (2j^  feet)  below  the  surface  of  the  ground;  above  this 
rests  a  double  block  of  limestone,  set  in  a  layer  of  cement,  also  marked  with  copper  bolt 
and  reference  lines.  The  exposed  surface  bears  the  inscription,  U.  S.  Coast  and  Geod. 
Survey,  1896.  Section  stones  with  copper  bolts  and  cross  lines  were  set  i,  2,  3,  4,  5, 
and  6  kilometres  from  West  Base,  set  in  cement  with  their  top  surfaces  10  centimetres 


No.  la. 


2/ortfL 
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yine  Creek 


MecOK 


JrofLMomni 


Statute  10e« 
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¥ 


10 
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IQametres 


10 


10 


% 


^« 


(4  inches)  below  the  level  of  the  ground.  The  measuring  force  consisted  of  F.  I). 
Granger,  in  charge  of  the  party;  W.  C.  Hodgkins,  A.  L.  Baldwin,  and  E.  B.  Latham, 
with  a  foreman  and  six  laborers. 

TTie  measurement  of  the  base, — The  base,  excluding  a  practice  measure  of  the  first 
section  and  an  extra  measure  of  the  west  naif  of  the  third  section,  was  measured  twice 
by  Assistant  Granger  between  June  igand  July  23,  1896.  He  used  the  5 -metre  contact- 
slide  steel  rods  Nos.  13  and  14.  They  were  constructed  at  the  office  shop  in  July,  1891, 
by  Mr.  E.  G.  Fischer,  and  embody  the  principle  of  contact  and  mode  of  construction 
proposed  by  Colonel  Mudge,*  but  have  received  great  improvements,  due  to  Assistant 
J.  E.  Hilgard,  as  explained  by  him  in  Appendix  No.  17,  Coast  and  Geodetic  Survey 


•  Trian)(ulation  of  Hngland  and  Wales.     London,  1799. 
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Report  for  1880,  pp.  341-345,  and  they  have  since  been  further  perfected.  These  are 
the  same  rods  that  were  used  in  the  measure  of  the  Holton  Base,  Indiana,  in  1891. 
For  particulars  and  length  of  this  base  see  Appendix  No.  5,  Coast  and  Geodetic  Survey 
Report  for  1894,  pp.  103-116.  On  page  107  of  that  report  we  find  the  values  of  the 
coefficient  of  expansion  of  the  rods  as  determined  at  the  Survey  office  by  Assistant 
Tittmann  and  Adjuster  Fischer  on  May  18  to  26,  1891,  as  follows:  For  the  centigrade 
scale — 

Coefficient  of  expansion  of  rod  No.  13  or  a^^  =  0*000  on  776 

±27 

Coefficient  of  expansion  of  rod  No.  14  or  or^  =  o'ooo  on  714 

=b29 

or  for  mean  rod    1 1'745  microns  per  metre. 

zfc  0'028 

The  length  of  the  ^ -metre  rods  Nos,  ij  and  i^, — These  rods  were  standardized 
several  times,  the  comparisons  depending  directly  or  indirectly  on  the  length  of  the 
steel  bar  No.  17  when  immersed  in  melting  ice.  The  following  four  values  for  the 
combined  length  of  the  two  rods  are  taken  from  Coast  and  Geodetic  Survey  Report  for 
1894,  Appendix  No.  5,  pp.  103-1 10.  To  the  first  value,  on  page  i  lo,  however,  30  microns 
were  added,  since  it  was  subsequently  found  that  the  knife  edges  and  abutting  surfaces 
were  not  in  perfect  contact  during  measurements.     (Report  for  1892,  pt.  2,  p.  491.) 

Results  for  length  of  the  combined  rods  Nos.  13  and  14  as  in  measurements,  at 
temperature  22°'2o  C.  hyd.: 

( I )  July,  1891  Comparisons  with  B^^  in  vault  10  m.  -f  2  '605  mm.  4=  5;/ 


(2)  August,  1891 

(3)  September,  1891 

(4)  September,  1891 


Comparisons  with  hectometre  in  camp  2  '608  5 

Comparisons  with  hectometre  on  base  2  '609  6 

Comparisons  with  kilometre  3*9  to  4*9  on  base  2  "618  5(?) 


In  June,  1894,  ^^^  rods  were  used  for  the  measure  of  a  base  line  in  Maryland,  and 
on  the  return  of  the  rods  the  outer,  or  wooden,  packing  box  of  one  of  them  was  found 
damaged,  which  made  it  desirable  to  submit  them  to  a  new  comparison  before  sending 
them  into  the  field.  The  new  observations  were  made  in  February,  March,  and  April, 
1896,  in  the  grounds  to  the  south  of,  and  adjacent  to,  the  Survey  office  at  Washington, 
A.  Braid,  assistant  in  charge  of  weights  and  measures,  conducting  the  operation.* 

A  5G-metre  test  line  was  laid  out  between  two  heavy  blocks  of  concrete,  and  the 
ends  were  marked  by  the  central  axis  of  bronze  bolts.  The  horizontal  distance  between 
them  was  measured  a  number  of  times  with  the  5-metre  steel  bar  No.  17,  immersed  in 
melting  ice.  It  was  found  that  the  two  end  blocks  were  not  absolutely  stable,  appar- 
ently due  to  variations  of  moisture  in  the  ground. 

The  results  by  bar  No.  17  are  corrected  for  differential  micrometre  measures  at  the 
ends  of  the  line  and  for  grade  and  alignment.  The  length  of  this  bar  is  5  metres 
—  1 6 '2/4  it  I'ljw;  the  results  by  the  rods  -2"  (13  and  14)  are  corrected  for  micrometre 
and  cut-off  scale  readings  at  the  ends  of  the  line;  also  for  grade,  alignment,  and  tem- 
perature difference;  the  corrections  applied  to  thermometer  readings  for  errors  of 
calibration  and  reference  to  the  hydrogen  scale  are  given  below. 


*  For  further  information  see  remarks  in  connection  with  the  Salt  I^ke  Base  of  1S96. 
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At 


Centigrade  thermometers  on — 
Rod  No.  13.  Rod  No.  14. 


Green 
5609. 

Green 
5604. 

Green 
5606. 

Green 
5613. 

Green 
5612. 

0 

0 

0 

0 

0 

0 

0 

—0  -27 

—0-30 

0-35 

—0-30 

—0-05 

3 

•33 

•59 

•45 

•47 

•23 

6 

:      -28 

•54 

•51 

•41 

•14 

II 

•30 

•53 

•53 

•40 

•16 

16 

•34 

•52 

•54 

•41 

•17 

21 

•43 

•56 

•43 

•43 

•21 

25 

•33 

•51 

•56 

•48 

•26 

32 

•38. 

•56 

•56 

•50 

•27 

34 

•39 

•57 

•52 

•54      , 

•32 

37 

0-43 

—0-63 

—0-48 

— 0*50 

—0-28 

Thermometer  No.  5606  was  accidentally  broken  April  29,  and  during  the  base  measure  ther- 
mometer No.  5612  took  its  place. 


Resulting  length  of  so-metre  comparator  or  test  line  as  measured  by  bar  No,  17  and  the  rods  Nos,  ij 

and  14. 

Corr'd 
temper- 
ature. 


Date, 
1896. 


Length  by  No.  17 

50  m.  -f. 


Date, 
1896. 


Length  by  2  13 

and  14,  5  ^-h- 


February  25 

25 

March        9 

9 
9 
31 
31 

31 

2 

2 


March 


April 


April 


April 


2 

7 

7 

7 

7 
8 

8 

8 


28/< 


79/^ 


—I  248/i 


—I  097/i 


488// 


February  27 

February  28 

28 

February  29 

29 


March 
March 


-    387/^ 


April 
April 


April 


April 


N.  B.— For  dates  between  February  27  and  March  7, 
mately.     For  April  i  we  use  50  m.  —  i  172//  approximately. 

The  probable  error  of  a  single  measure  of  the  5o-raetre  test  line  is  d=  21/i. 
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From  the  preceding  measures  we  derive  the  following  values  for  the  l^gth  of 
^(13+14)  ato°  C. : 

I^ngthsof      g^       length  Resulting  ^  ,  ^. 

field  com-      kTv/t^^lt^x  i-««4.v,  ^7        -v/'t^it^n  Relative 

m.  nt.  tn. 

49  '999  974  -f      80//  9-999  978  8  ' 

* 

974  —     154  10  'ooo  025  6  Mean. 

974  +134  9  "999  968  o  [  9  -999  994  7 

974  —         37  10  'OOO  002    2 

974  —   20  9  999  998  8 

49  '998  828  —  I  002  9  '999  966  o  2 

8  903  -I  048  9 '999  990  2  4 

9  512  —    571  10 -OOO  016  6  4 
9  613  —     559  10  *ooo  034  4  2 


Weighted  mean  10  'ooo  001  2         ±  7  'lyu 

This  value  has  been  adopted  in  the  computation  of  the  Salina  Base.  To  compare 
it  with  former  determinations  we  get  -2  (13  +  14)  at  22° '2  C.  =  io'oo2  608  6  metres, 
showing  an  excellent  accord  with  the  mean  of  the  four  older  values,  10  metres  +2*610 
millimetres.  The  observations  of  1891,  July,  show  that  rod  No.  14  is  nearly  19  microns 
longer  than  No.  13;  hence  when  the  individual  lengths  of  the  rods  are  required  we  have 
/(13)  =  4'999  991  I  metres  and  /(14)  =  5'ooo  010  i  metres  at  0°  C. 

For  measuring  fractional  parts  of  a  rod  at  the  kilometre  marks,  the  3-meter 
fractional  bar  No.  i  was  used.  It  is  provided  with  a  sliding-scale  attachment,  and  its 
errors  of  graduation  are  known  and  corrections  were  applied  accordingly.  The  adjust- 
ment of  the  sectors  which  determine  the  inclination  of  the  rod  and  the  adjustment  of 
the  aligning  telescopes  were  frequently  tested.  Transfers  of  end  of  rod  to  a  ground 
mark  were  effected  by  mounting  a  theodolite  sector  a  short  distance  off  the  line, 
pointing  and  moving  the  telescope  down  in  a  vertical  plane.  For  the  reduction  to 
the  sea  level  of  the  measured  length  of  the  base  we  have  the  following  data: 

The  approximate  height  of  the  bridge  bench  mark  or  City  Directrix  (so-called)  of 
St.  Louis,  Missouri,  above  the  average  level  of  the  Gulf  of  Mexico  is  125*8  metres 
zbo*3  metre.  The  difference  of  height  {^h)  by  spirit  level  St.  Louis  B.  M.  and 
B.  M.  LXIII  near  HoUiday  at  Mill  Creek  Bridge  is  +  106*7  metres;  thence  ^h  to  B.  M. 
called  /%  on  window  sill  of  the  Missouri  Pacific  Railroad  depot  at  Salina,  Kansas,  is 
+  140*5  metres;  thence  to  West  Base  copper  bolt  —  1*4  metres,  making  the  elevation 
of  West  Base  371*6  metres.  Further  from  spirit  levels  along  the  base  line,  June  8  to 
July  17,  1896,  by  E.  B.  Latham,  we  get  the  average  elevation  of  the  ground  of  the  first 
kilometre  371*4  metres,  the  second  371*2  metres,  the  third  369*7  metres,  the  fourth 
369*5  metres,  the  fifth  368  metres,  the  sixth  367*4  metres,  the  last  half  kilometre 
366*1  metres,  also  the  bolt  at  East  Base  365  6  metres.  These  heights  are  to  be  increased 
by  1*1  metres  for  height  of  base  bars  above  ground.  For  radius  of  curvature  in  the 
latitude  and  azimuth  of  the  base,  we  have  log.  p  =  6*805  o;  average  height  of  base  bars, 
370*4  metres  (or  i  215  feet). 
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Table  of  results  for  length  of  base  and  its  subdivisions, 
[One average  bar  =  5000 000 6  metres.] 


Por- 
No.  Number  ward  or 

of     c^-^j«„  of  back- 

sec   Section,    average     ward 
tion.  bars.        meas- 

ure. 


I 

W.  Base  1 
to       \ 

I      aoo      J 

II 

201 
to 

I      400      J 

* 

III 

401 
to 

600 

rv 

[    601 

to 

800 

V 

801     1 

to 

I  000 

VI 

f     I  001     1 
to 

I  200 

200 


200 


200 


200 


200 


200 


VII 


f       I   201       1 

to 

1  3»o 

or 

E.  Base 

XIO 


1: 

1: 


leasure- 
J896. 

July  23 
July  21 

June  27 
July  ao 

June  29 
July  20 

June  30 
July  14 

July    I 
July  13 

July    6 
July  11 

July    8 
July  10 

Corrected 
average 
tempera- 
ture of 
double 
bar. 

OC 

26-754 

25*006 

27-063 
23735 

25-692 
26461 

26-333 
27  306 

31 '154 
24-216 

• 

26 -123 
23303 

22-414 
22-850 

Corrections  for— 

Resulting 

length  of 

sections 

and  base. 

m. 

fi  000*209  I 

[              *211   0 

Date  of  n 
ment, 

July  23  to 
July  21 

Excess  of 

tempc*-a- 

tures  of 

bars. 

+314*36 

293  •»2 

317-99 
278-89 

301  -88 
310  -92 

309*41 
320-84 

36606 
284-54 

30695 
273*81 

144*85 
+  147*67 

Inclina- 
tion of 
bars. 

-21*35 
28*12 

23*39 
10*31 

35-64 
26*76 

19*22 
16*10 

46 -88 
42-71 

53*35 
46*31 

61*23 
-95 '33 

Excess 

over 

mark. 

-  25  -62 

+        3*58 

-    138*56 

-  109*35 

-  175*49 

-  19041 

-  •   14-16 

-  28*08 

-  206*33 

-  125*45 

-  148  10 

-  119-29 

+1  725-59 
+1  757 -.S6 

Total 

Height 
above  sea. 

•  -5838 

Mean 

• 

-58-34 

Mean 

«    -58*10 
Mean 

•  -5808 

Mean 

•  -57*83 

Mean 

'    -57*74 
Mean 

—    31*75 

Mean 
length 

I   OuO'2tO   1 

JuMe23 
July  20 

fi  000*097  8 
I          *ioo  9 

I  000 '099  4 

June  27 

July  16 

ff 

[i  000*032  a 
I        0358 

I  000  034  3 

June  29 
July  14 

|i  000-2x8  I 
1        218  7 

I  000*218  4 

June  30 
July  13 

fi  000*055  1 
1        058  7 

I  000  -056  9 

July    3 
July  11 

(i  000  047  9 
1        0506 

I  000*049  2 

July    7 
July    9 

f  551  777  5 

* 

I       -778  2 

551 *777  9 

6  552  446  2 

It  is  noticeable  that  in  every  section  the  forward  measure  is  smaller  than  the 
backward  measure.  That  this  is  not  due  to  an  imperfect  coeflScient  of  expansion  is 
shown  by  comparison  of  the  temperature  difference  of  Sections  III  and  V.  No 
adequate  cause  of  the  phenomenon  could  be  assigned,  though  it  seems  to  be  connected 
with  the  fact  that  the  reversal  of  the  direction  changes  the  insolated  and  shady  sides  of 
the  apparatus.  The  question  of  a  possible  difference  of  temperature  of  the  rods  as 
indicated  by  the  thermometers  in  contact  therewith  was  looked  into,  but  no  definite 
result  could  be  had  for  want  of  measures  vfiXh  falling  temperature. 

Additional  measures  of  the  base  by  means  of  a  ^o-metre  steel  tape  (No.  iJT)yfune  8 
to  18,  i8p6. — ^Three  measures  were  made,  the  object  being  to  gain  some  further  experience 
respecting  the  value  by  such  means.  The  work  was  conducted  by  A.  L.  Baldwin  and 
E.  B.  Latham,  aided  by  D.  W.  Eaton,  a  volunteer  observer.  All  measures  were  made 
in  daytime,  generally  in  the  early  morning  hours,  the  thermometer  was  read  as  each 
tape  was  laid,  and  was  held  Sx  the  same  height  as  the  tape,  about  0*3  metre  above 
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ground.  The  steel  tape  was  tested  for  length  on  the  bench  standard  at  the  Survey 
oflSce  in  May,  1896,  and  again  in  February,  1897 ;  its  average  value  at  o^  C.  tempera- 
ture and  with  a  tension  applied  of  10  kilogrammes  indicated  at  division  25,  25  metres  + 
o"8  millimetre,  and  at  division  50,  50  metres  +  i'6  millimetres;  total  weight  i  082 
grammes;  correction  to  spring  balance  —0*3  kilogramme;  assumed  coefficient  of 
expansion  o'ooo  01 1  4.  During  measure  the  tape  was  supported  at  its  ends  and  in  the 
middle  and  was  under  a  tension  of  97  kilogrammes.  Making  all  due  corrections  for 
temperature,  tension,  inclination,  catenary,  and  excess  at  the  section  marks,  we  have 
the  following  results  for  length  of  the  sections  by  tape  measures : 


No. 


Section. 


{ 


West  Base  to  first 
kilometre  mark 


Second  kilometre 


Third  kilometre 


Fourth  kilometre 


Fifth  kilometre 


6       Sixth  kilometre 


7     \  Last  half  kilometre 

I 
First  measure 

Second  measure 

Third  measure 

Mean 


Meas- 
ure. 


Measure  length,   """^r""      ^^-l«ng  length  by- 

sea  level.  Tape.  Bars. 


tntn,  tn,  in, 

I  000  I  000 


-  58-24 


58-21 


•191  I 


-f-  -210  I 


-  57  '97 


-  57*94 


-  57  71 


•100  5—57  -61 


I  000  I  000 

-h  -084  o  -f  -099  4 

1000  I  000 
+  •033  6  -f  -034  3 

I  000  I  000 

-f  -220  o  -f-  '218  4 

I  000  I  000 

4  -055  o  -h  -056  9 

I  000  I  000 

-|-  '042  9  -f  '049  2 


•809  4 


6  552  788  6 


Differ- 

ence 

B.-T. 

fnm. 


4-19-0 


-fi5'4 


-4*3 


-  1-6 


+  1*9 


+  6-3 


551 

551 

31-68 

4-  -777  7 
6  552  '375  8 

-f  -777  9 

-f   0'2 

379  36 

•478  8 
•372  9 

6  552  409  2 

6  552  -446  2 

+37 -o 

rb  -010  8 

■+-  -007  0 

The  difference  in  the  length  of  the  base  by  bar  and  tape  measures  is  37  millimetres, 
about  ^TT^TTTff  P^irt  of  the  length.  To  obtain  the  probable  error  of  the  length  of  the 
base  from  the  three  tape  measures,  we  form  for  each  .section  the  differences  from  its 
mean;  let  S  =  the  sum  of  these  squares,  then  for  all  sections*  ^  5'  =  0*001  551  65 
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V2  S' 
—7 r  =  =fc  o'oio  85  metre. 
n  {n  —  i) 

This  is  equal  to  ^iTTVinr  P^rt  nearly.  On  the  other  hand,  if  we  base  the  probable  error 
on  the  discord  of  the  three  measures  of  the  whole  line,  we  find  probable  error  =  dr  23*5 
millimetres,  which  we  regard  as  a  more  just  value  than  the  preceding  one.  This  last 
probable  error  is  jtt^wtt  o^  the  length.  The  relative  weights  of  the  results  by  bars  (2 
measures)  and  by  tape  (3  measures)  is  therefore  as  11  to  i. 
No  further  use  was  made  of  the  tape  measures. 

Prol>abl€  error  of  base  from  bar  measures. 

Supposing  the  diflferences  between  forward  and  backward  measure  of  the  several 
subdivisions  to  represent  accidental  errors  of  measure,  the  mean  error  of  a  unit  of 


measure 


length,  here  assumed  as  i  kilometre,  equals  m^  =  ^/—    —     and  for  a  double 

w„  =  }i  -\/—    —    »  where  n  —  number  of  sections  =  7.     Also  the  mean  error  of  the 

total  length  L  of  the  base  is  w  =  m^^  ^L  and  probable  error  of  same  r  =  0*674  5  ^w  V^ 
We  get 

w,  =  ±  I  '77  mm    and     w  =  ±  3*2  mm 

m^^  =  zhi'25  mm  r=  ±2'2  mm. 

The  eflFect  of  the  uncertainty  in  the  coeflScient  of  expansion  becomes  quite  large  on 
account  of  the  high  temperature  during  the  base  measurement.  The  average  temper- 
ature was  25° '5  C,  hence  the  probable  error  of  base  from  this  source  is  (25*5  —  7*2) 
X  28//  X  6'55  =  ±  3*4  millimetres. 

The  probable  error  of  the  base,  due  to  uncertainty  in  the  height  above  the  sea 
level,  is  ±  0*5  milHmetre. 

The  probable  error  of  the  length  of  2  (13  and  14)  ato°  C.  was  found  tobe  ±  7'i/<; 
the  corresponding  value  for  the  whole  base  is  therefore  6*55  X  7'i>«  or  ±  4*6  millimetres. 

The  probable  error  in  length  of  the  bar-in-ice  No.  17  is  ±  I'l/i;  the  corresponding 
probable  error  of  the  base  is  rh  i  "4  millimetres. 

Combining  these  five  probable  errors,  we  obtain  that  of  the  length  of  the  base,  or 
± 6*3  millimetres,  which  is  equal  to  TTTi'innr  of  the  length. 

m 

Final  result  for  length  of  base        6  552*446  2 

±006  3 
and  its  logarithm  3*816  403  46 

±42 
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ABSTRACT   OF  RBSUI^TING   HORIZONTAI«   DIRECTIONS,   OBSERVED  AND   ADJUSTED  AT  THE  STATIONS 

FORMING  THE  SAUNA  BASE  NET,  189O-91,  1896. 

Salina  East  Base,  Saline  County,  Kansas.    May  26  to  May  31,  1896.    30-centinietre  theodolite,  No. 

1 18 ;  10*73  metres  above  station.     P.  D.  Granger,  observer. 


No.  of 
direc- 
tion. 


II 
12 
10 


Objects  observed. 

Salina  West  Base 
North  Pole  Mound 
Iron  Mound 


Resulting  direc- 
tions from  station 
adjustment. 

o  /           // 

o  00  OO'OO 

74  29  25  -26 

277  07  18  '65 


Reduction 

to 
sea  level. 

// 

4-  '02 

'   -'OS 

—  'OI 


Resulting 
seconds. 


// 
00 '02 
25  23 
18-64 


Corrections 

from  base-net 

adjustment. 

// 

—0-13 
-fo'i9 
—0*07 


Final  seconds 
intriangulation. 

// 


59*89 
25*42 
18 -57 


Probable  error  of  a  single  observation  of  a  direction  (D.  and  I^.)  =zt  o^''59. 


Salina  IVest  Base^  Saline  County,  Kansas.     May  4  to  May  10,  1896.     30-centimetre  theodolite,  No. 

118;  6*  10  metres  above  station.     P.  D.  Granger,  observer. 

o        /        //  //  //  //  // 


8 

9 

7 


Salina  East  Base  o    00    po'oo        -f  "02  00*02  +0*17  00*19 

Iron  Mound  52    50    52  '60        —  *03  52  *57  — o  *36  52  '21 

North  Pole  Mound  288    52    34*12  *oo         34 'i 2  +0*20  34*32 

Probable  error  of  a  single  observation  of  a  direction  (Z>.  and  ^. )  =  4;  0^^*57. 


North  Pole  Mound^  Saline  County,  Kansas.    June  5  to  June  10,  1896.    30-centimetre  theodolite,  No. 

118;  7*4  metres  above  station.     P.  D.  Granger,  observer. 


Iron  Mound 

0 
0 

/ 
00 

OO'OO 

-03 

// 

// 

+0*04 

// 

15 

59*97 

00 -OI 

16 

Salina  West  Base 

25 

14 

28  00 

•00 

28*00 

—0*26 

27-74 

17 

Heath 

100 

28 

05-94 

-f  -02 

05*96 

—0*09 

05-87 

18 

Thompson 

152 

19 

0479 

-*03 

04*76 

+0-47 

05-23 

13 

Vine  Creek 

256 

37 

34*03 

+  •03 

34 -06 

-fo*i8 

34-24 

14 

Salina  East  Base 

350 

51 

19*33 

—  -02 

19*31 

0-35 

18*96 

Probable  error  of  a  single  observation  of  a  direction  (Z>.  and  R,)^=  ±o^'*65. 

Iron  Mounds  Saline  County,  Kansas.  July  30  to  August  13,  1890.  35-centimetre  theodolite,  No.  10; 
1*74  metres  above  station.  F.  D.  Granger,  observer.  May  16  to  May  22,  1896.  30-centimetre 
theodolite,  No.  118;  1*67  metres  above  station.     F.  D.  Granger,  observer. 


North  Pole  Mound 

0 
0 

00 

// 

OO'OO 

ff 

—  '02 

if 

— 008 

ff 

4 

59*98 

5990 

5 

Salina  East  Base 

^3 

29 

12*12 

—  'OI 

12*11 

—0*04 

12 -07 

6 

Vine  Creek 

45 

39 

51*96 

-f  '02 

51*98 

-fo'33 

52-31 

Frey 

78 

21 

30-32 

-f-03 

30-35 

Taylor 

106 

49 

58-94 

+  •01 

58-95 

I 

Heath 

302 

47 

35-80 

—  *OI 

35  '79 

—0*02 

35*77 

2 

Salina  West  Base 

329 

12 

45-01 

—  -02 

44*99 

fo*30 

45*29 

3 

Thompson 

344 

26 

20*14 

-03 

20 '11 

—0*48 

19*63 

Probable  error  of  a  single  observation  of  a  direction  (/?.  and  -^.)  =  ± 0^^*60. 
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ABSTRACT  OP  RESULTING    HORIZONTAI,    DIRBCTIONS,   OBSBRVBO  AND    ADJUSTED   AT  THE  STATIONS 

FORMING  THE  SAUNA  BASE  NET,    189D-9I,    1896— Completed. 

Vine  Creek,  Ottawa  County,  Kansas.    June  28  to  July  21, 1890.    35-centimetre  theodolite,  No.  10;  6*07 

metres  above  station.     F.  D.  danger,  observer. 


No.  of 
direc- 
tion. 

Objects  observed. 

Resulting  direc- 
tions from  station 
adjustment. 

Reduction 

to 
sea  level. 

Resulting 
seconds. 

Corrections 

from  base-net 

adjustment 

Pinal secon 
intriangulat 

1 

0 

/ 

// 

// 

// 

// 

// 

19 

Iron  Mound 

0 

00 

00 'OO 

+  '02 

00  "02 

+0  -31 

00-33 

20 

North  Pole  Mound 

30 

57 

43 '92 

+  -03 

43-95 

—0*67 

43-28 

21 

Heath 

45 

38 

34 -02 

+  ■03 

34-05 

+006 

34-11 

22 

Thompson 

66 

55 

43*54 

-f  'or 

43-55 

+0  29 

43-84 

Wilmer 

247 

46 

44-56 

•00 

44-56 

Froy 

276 

35 

31*59 

—  -02 

31-57 

Taylor 

288 

06 

51-69 

-•03 

51-66 

Probable  error  of  a  single  observation  of  a  direction  {D,  and  ^. )  =  ±  o^^'JS- 

Heathy  Ellsworth  County,  Kansas.     July  8  to  July  25,  1891.     35-centimetre  theodolite,  No.  10;  i7'3o 

metres  above  station.    P.  D.  Granger,  observer. 

o  /  //  //  //  //  // 


27 
28 
29 
30 


Lincoln                                   00000*00  —  "oi  59  '99 

Thompson                             46    04    27  -51  -j-  '03  27  -54             +0  "68                28  '22 

Vine  Creek                            72    07    24*06  4-'02  24*08             — i 'ii                 22*97 

North  Pole  Mound                81     17    05*14  -}- -02  05*16             —0-35                 04*81 

Iron  Mound                         103    36    35  '87  —  *oi  35  -86             +0  77                 36  -63 

Ellsworth  watertowerpole  241    44    04*27  +'03  04*30 

Wilson                                 282    15    47*25  *oo  47*25 

Golden  Belt                         312    37    28  *69  —  *03  28  66 

Meads  Ranch                      323    40    31  '61  —  04  31  -57 

Probable.error  of  a  single  observation  of  a  direction  {D.  and  R,)-=±i 0^^*84. 

Taompsan,  Ottawa  County,  Kansas.     August  6  to  August  io|  1891.     35-centimetre  theodolite,  No.  10; 

I  '68  metres  above  station.     F.  D.  Granger,  observer. 


Heath 

0 
0 

00 

00*00 

// 

+  '04 

// 
00*04 

// 

— 0*2I 

// 

26 

59-83 

Golden  Belt 

38 

54 

02*24 

-f  '02 

02*26 

I^inooln 

58 

20 

08*93 

—  *OI 

08*92 

23 

Vine  Creek 

227 

20 

01-45 

-h  'OI 

01  *46 

-fo*6o 

02*06 

24 

North  Pole  Mound 

267 

03 

34-82 

-•03 

34-79 

-0*86 

33*93 

25 

Iron  Mound 

279 

10 

48*50 

-'03 

48*47 

4-0*46 

48-93 

Probable  error  of  a  single  observation  of  a  direction  {D  and  -^)  =  rfc  0^^*56. 


1 84 


No. 

i 

I 

o 

2 

o 

3 

o 

4 

o 

5 

o 

6 

o 

7 

o 

8 

o 

9 

o 

lO 

o 

II 


12 


13 


o  = 


o  = 


o  = 
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m 

FIGURE  ADJUSTMENT. 

Obserz'ation  equations,* 

.fo-93-  (2)-r  (5)-  (8)~  (9)  _  (lo)  r  (n) 
+  071-  (4)-f  (6)  -  (13) -r  (15)- (19) -r  (20) 
+  2-37  -  (21 )  4-  (22)  -  (23)  +  (26)  -  (27)  -f  (28) 
-ho-So+  (13)  -  (18)  -  (20)  -h  (22)  -  (23)  +  (24) 
-0-65-    (3)4-    (6)  -  (19) +  (22)- (23) -r  (25) 

-  176  -f  (13)  -  (17)  -  (20)  +  (21)  -  (28)  -h  (29) 

-0-93-  (1)4-  (4) -(15)4- (17) -(29) +  (30) 
-070-    (4)+    (5)  -  (10) -f  (12) -(14)  4- (15) 

-fi-25-    (2)+    (4)-    (7)4-    (9) -(15)  4- (16) 

-  Ill  -f  23-6(1)  -  35'2(3)  4- 11-6(6)  +  9*0(19)  -  54-1(21)  4-  45-1(22)  -f  29-8(27)  -  43'i(28) 

+  13*3(30) 

-  207  -f  75*6(3)  -  96-2(4)  4-  2o-6(6)  -f  35*i(  19)  -  64-1(20)  4-  29-0(22)  4-  25-3(23) 
T- 123-3  (24)  4- 98*0(25) 

4-  46  4-  21-6(2)  -  87-8(4)  4-  66-2(5)  -f  7*2(7)  -  23-1(8)  -f  15-9(9)  4-  ioo-o(  14)  -  i3o-8(  15) 
4-30-8(16) 

-  60  -h  13-5(0  -  34-1(4)  4-  2o-6(6)  4-35*1(19)  -  115*4(20)  -h  80-3(21)  -f  130-5(28) 
-1817(29)4-51-2(30) 

Correlate  equations. 


Correc- 
tions. 


(I) 
(») 
(3) 
(4) 
(5) 

(6) 
(7) 
(8) 

(9) 
10) 

Ji) 
12) 

13) 
14) 

15) 
16) 

17) 
18) 

'9) 
20) 

(21) 


Ci       C»      C3      C4      C5       Ce        C7         Cs 


-10 


c, 


'ta 


'«3 


—  I 


—  I 

—  I 

-f  I       ... 

4-1 


—  I 

4-1 
—I 

4-1 


—I 


41 


—  I 

•4-1 


—I 


-fi 


4-23 -6 


-35*2 


4-  13*5 


4-  21-6 


4-1 


4- II -6 


^i 


-fi 


+75-6 

— 96-2 

-  87-8 

~  34*1 

•      •      ■ 

4-66-2 

•  •  •  ■ 

-h2o-6 

-f     7*2 
4-  23-1 

4-  15*9 

4-  20-6 

—I 


4-1 


4-1 


...     4-1 


—  I 

•  •••  ■••  «■•  A 


—  I 

41 

—  I 

4-1 


—I 

4-1 


4-I00-0 
-130-8 
4-  30-8 


-I 


4-1 


—I 


—  I 

...     4-1 


—I 


—I     ... 


—  I 

4-1 


4-  9*o      4-35*1 
—  64*1 

-54*1 


4-35*1 
-"5*4 
-f  80-3 


*  Number  of  conditions  in  the  net  13,  of  these  9  relate  to  sums  of  angles  and  4  to  ratio  of  sides;  in  establishing  the 
side  equations  7  places  in  the  logarithms  are  used  and  the  logarithmic  differences  for  \"  are  given  in  units  of  the 
seventh  place. 
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FIGURE  ADJUSTMENT — Completed. 
CorrelaU  egtiations — Completed. 


Correc- 
tions. 

c. 

c. 

c. 

C4     c,     c 

C,        Ce 

c. 

V.IO                            Cxi 

c. 

c, 

(22) 

+  1 

+1     +1 

-1-45  •!       -f  29  0 

(»3) 

—  I 

—I     —I 

-f  25-3 

(»4) 

-hi 

-123  3 

(as) 

•  •  •          •  •  • 

«    •    a 

•  •   •           "^~  X           •  •   • 

•  •  •               •  •  ■ 

•  •  • 

-f  98  'O 

•   •   •   • 

■    •   •   • 

(36) 

+  1 

(»7) 

—  I 

+298 

(28) 

+  1 

—1 

-43 'I 

+  130-5 

(»9) 

+1 

—I 

—  181  7 

(30) 

•  •  •          •  •  • 

•    •    • 

•   ••            •••            ••• 

-fi 

•  •  • 

+  13 '3 

•   •   •  • 

+   51*2 

Normal  equations. 

m 

c. 

c.  c 

3    C4    c,      c 

C,     Cs 

C9 

Cio                            Cix 

c.. 

C.3 

0=  + 

093 

+6 

+2 

+2 

+83-6 

+ 

071 

-f6 

—2  +a    —2 

—2      -}-2 

—2 

+  2*6        -h  17*6 

-43  "0 

-  95 -8 

+ 

2*37 

-+-6  -f  2  4-2    —2 

-f26-3        -1-37 

+  50 -2 

+ 

o-8o 

+6  +»    +» 

+45  "I         -  55  -5 

+115 '4 



0*65 

+6 

-f82-9        4-  11*6 

-  14-5 



176 

+6 

—2 

—  II  'o        -I-  64*1 

—  ii6*5 



093 

+6    -2 

+2 

—10 '3        —96*2 

+43 'o 

+  185-3 

• 

070 

+6 

—2 

4-96*2 

-768 

+  34-1 

-f 

1*25 

+6 

—  96*2 

+609 

-  34  I 

—  I] 

[I 

+98949        -7984 

-  8  414  *4 

— 2C 

>7 

-f47  023*0  +  8  446*4  -fi2  333*9 

+  I 

J6 

4-41  453  '4  -f  2  994  0 

—   ( 

k> 

+75  433  "3 

Resulting 

values  0/ correlates  and  of  corrections  to  angular  directions. 

C.=-< 

>'I27  50 

Corrections. 

C,    — ( 

3 '132  50 

// 

// 

// 

C3  -< 

)*2o6  33 

(i)=- 

-0  '027 

(ii)=— 0*128 

(21) 

=-|-o  -062 

C4  -< 

5  474  39 

( j)=+o  -304 

• 

(i2)=4-o-i94 

(22) 

=40  -289 

C5  +< 

3-I58  27 

(3)=- 

-0  483 

(i3)=4-o*i85 

(23) 

=-fo  *6o2 

C6       +< 

3  526  67 

(4)=- 

-o*o8i 

(14) =-0*353 

(24) 

=-0*862 

C,    +< 

3  436  24 

(5)=- 

-0  -038 

(i5)=-l-o*o44 

(25) 

=4-0*466 

Cb    +< 

3*194  28 

(6)=+o-3a5 

(i6)=— 0-260 

(26) 

=— o*2o6 

C9    -< 

3  -210  63 

(7)=+o-i99 

(17)=    0*090 

(27) 

=40*683 

Co      +< 

3-015  98 

(8)=+o-i64     . 

(i8)=4o*474 

(28) 

—  —  I  *io7 

C„    +< 

3*003    14 

(9)=- 

-0  -363 

(i9)=-f  0*313 

(29) 

=-0  -347 

C„    —  < 

3-OOI    59 

(10)=- 

-0*067 

(20)=— 0-664 

(30) 

=40*772 

C,3      +< 

3*002  41 

Checks:  2  of  -f  corrections  5*0' 

76      and      2  ^rz/  =+  5*557 

5  of —  corrections  5*0 

76 

22£;C=45'55i 

Mean  ei 

nror  of 

an  0I 

3serve< 

i  direction  m,= 

/[/>2'Z']__ 

»-o^^-6«; 

where  «=niimher  of  or 

inHitionnI  t 

»niiAfinns' 

and  mean  error  of  angle  m=m/^2  =±0^^*92,  also  probable  error  of  same  d=o'^-62. 
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TRIANGI,ES  OP  THS  SAUNA  BASE  NET,   KANSAS,    189O  TO   1896. 


No.  Stations. 

Iron  Mound 
Salina  West  Base 
Salina  East  Base 

North  Pole  Mound 
Salina  East  Base 
Salina  West  Base 

North  Pole  Mound 
Iron  Mound 
Salina  West  Base. 


North  Pole  Mound 
Salina  East  Base 
Iron  Mound 

Heath 

North  Pole  Mound 

Iron  Mound 

Thompson 

North  Pole  Mound 

Heath 

Thompson 
Iron  Mound 
Heath 


Thompson 
8  \  North  Pole  Mound 
Iron  Mound 


Vine  Creek 
Iron  Mound 
North  Pole  Mound 


Observed  angles. 


o 

44 
52 
82 


/  // 

16  27*12 

50  5255 

52  41  "38 


01  -05 
34  23  0869 
74  29  25  -21 
71    07    25  -90 


59  80 
25     14    28  -03 

30    47     14 '99 
123    58    18-45 


01-47 

9    08    40*66 

157    22    06  -59 

13    29    12*13 


59-38 
22     19    30  -70 

100    28    05  -99 

57    12    24-19 


00 -88 
92  56  25  -25 
51  50  58  -80 
35     12    37  -62 


01  '67 
80  49  11-57 
41  38  4432 
57    32    08  32 

04*21 

12    07     13  -68 

152     19    04*79 

15    33    39*87 


58-34 

30    57    43*93 

45    39    5200 

103     22    25  -91 

01  -84 


^^-  '^'  ^^" 

tions.     «^«.i^^   _  ^_„^ 
angles,  excess. 

//  //         // 

— o  *34    26  -78    o  -04 

— o  *53    52  '02    o  -04 
— o  -06    41  -32    o  -04 


0*12 
-f  o  '09  08  -78  o  *o6 
+0  32  25  -53  o  -06 
—o  -03    25  -87    o  -06 

0*18 
— o  -30  27  '73  o  07 
— o  *39  14  -60  o  -07 
—0-56    17-89    o-o8 


0-22 
+0  -40  41  -06  o  -03 
-fo  -26  c6  '85  o  -03 
-I-0-04    12*17    0*02 


ox)8 
+1 -12  31-82  0*60 
— o  -14  05  *85  o  *6i 
—0*05    24*14    0-60 


I  *8r 


+0  -65  25  -90  o  62 
-fo  -56  59  36  o  *62 
—1*03    36-59    0*61 


1-85 
—o  *67  10  -90  I  -06 
—0*46  43*86  1-05 
-f  o  -09    08  -41     I  -06 


3*17 
+1-32     15*00    0*16 

+0  '43    05  *22    o  -16 
-f  o  *4o    40  *27    o  -17 


o*49 
—0*98  42*95  0*37 
-f  o  *4i  52  *4i  o  *38 
—0-14    25-77    038 

1-13 


Log  5. 

3  '816  403  5 

3  873  967  8 
3  -969  127  4 

3  -816  403  5 

4  *048  428  5 
4  "040  530  4 

3  -969  127  4 

4  -048  428  5 
4  *258  002  I 

3  873  967  8 

4  *258  002  I 
4  040  530  4 

4  '258  002  I 
4  -671  083  3 
4  -602  976  6 

4*602  976  6 
4  *499  188  o 
4  -364  404  4 

4-671  083  3 
4  -499  188  o 
4  -602  882  3 

4  -258  002  I 
4  *6o2  882  4 

4  364  404  4 

4  '258  002  I 
4*401  108  2 

4  534  704  9 


Distances 
in  metres. 


6  552  '446 

7  481  -14 
9-3^*81 

6  552  -446 
II  179-66 

10  978  -18 

9  313  '81 

11  179-66 
18  113-49 

7  481  -14 
18  113-49 
10  978  -18 

18  113-49 
46  890  33 
40  084-51 

40  084  -51 

31  563  -71 
23  142*19 

46  890  33 

31  563  •71 
40  075  -81 

18  113*49 
40  075  *82 
23  142-19 

18  113-49 
25  183*04 
34  253  50 
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TRIANGIiBS  OP  THB  SAUNA  BASB  NET,  KANSAS,  189O  TO   1896— completed. 


No.  Stations. 


10 


II 


12 


13 


14 


Thompson 
Vine  Creek 
Iron  Mound 

Vine  Creek 
North  Pole  Mound 
Thompson 

Vine  Creek 
North  Pole  Motmd 
Heath 

Thompson 
Vine  Creek 
Heath 

f  Vine  Creek 
Iron  Mound 
Heath 


Observed  angles. 

o  /  // 

51    50    4701 

66    55    43*53 
61     13    31  -87 


02 '41 

35    57    59  "60 

104    18    29  '30 

39    43    33*33 


02*23 

14    40    50  *io 

156    09    28  'lO 

9    09    41  '08 


59 'aS 

132    39    58-58 

21     17    09  -50 

26    02    56-54 


04*62 

45    38    34*03 
102    52    16  '19 

31     29    II 78 


02 'OO 


Correc.  ^P^^"  ^P^f 

tions.           ,  *^^ 

angles,  excess. 

//          //  // 

— o  "14    46  '87  I  '02 

— O  '02      43  '51  I  '02 

-f  o  '81    32  '68  I  '02 


3 '06 
4  095  6055  047 
—o  '29    29  'OI    o  '48 

—1-46    31*87   0*48 


1*43 
4-073  5083  0-34 
H-o  -27  28  '37  o  -35 
+076    41-84    0-35 

I  -04 
-0-81  57*77  0-75 
-f  o  23  09  -73  o  75 
-1*79    5475    0-75 


225 

— o  -25    33  -78    I  -33 

-i-o  "35    16  -54    I  -33 

f-i  *88    13  -66    I  32 

3*98 


Log  5. 


4  '534  704  9 
4-602  882  4 

4  -581  848  9 


Distances 
in  metres. 


34  253  50 
40  075  -82 
38  181  -14 


4  -364  404  4  23  142  -19 

4-581  848  9  38  181 -14 

4-401  108  I  25  183-03 

4  '602  976  6  40  084  '51 

4  "805  732  3  63  934  06 

4  -401  108  I  25  183  03 

4  *8o5  732  3  63  934  -06 

4  499  188  I  31  563  72 

4  -581  848  9  38  181  -14 

4*6710833  4689033 

4  805  732  3  63  934  06 

4  534  704  9  34  253  50 


PROBABLB  BRKORS. 

Determination  0/  the  probable  errors  of  the  length  of  the  sides  common  to  the  net  and  to  the  adjacent 

chains  of  triangulation. 

For  the  side  Vine  Creek  to  Iron  Mound,  as  adjusted,  we  make  use  of  the  expression — 

Vine  Creek  to  Iron  Mound     sin  ( 15  —  13)  sin  (9  —  7)  sin  ( 12  ~  11 ) 
Salina  Base  "" sin  (4  —  2)  sin  (16  —  14)  sin  (20—  19) 

hence  the  function — 

-F=log8in(i5  — 13)4-  log  sin  (9  —  7)4-  log  sin  (13  — 11)  — log  sin  (4  —  2) 
—  log  sin  (16—14)  —  log  sin  (20  —  19) 

Establishing  and  solving  the  transfer  equations,  we  find  the  reciprocal  of  weight 

p  =  14*01,  also  the  mean  error  w^  and  the  probable  error  r^,  both  expressed  in  units  of 

the  sixth  place  of  decimals  in  their  logarithms,  viz:  ±2*44  and  di  1*65,  respectively; 
hence  log.  distance  Vine  Creek  to  Iron  Mound  4*534  704  9  and  the  distance  34  253*50 

d=      16  :±:0'13 

metres.     The  probable  error  is  about  if  iSttif  P^trt  of  the  length. 


^■^ 
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To  this  must  be  added  the  proportional  error  depending  upon  that  of  the  base 

measure,  or  '006  3  X    ?         =  zfc  0*033  metre;  hence  probable  error  of  length  of  side 

o  552  

Vine  Creek  to  Iron  Mound  V(o'i3)'+  (o'033)*  =±013  metre. 
For  the  side  Thompson  to  Heath  we  use  the  expression — 

Thompson  to  Heath      sin  (3  -- 1)  sin  ( 17  —  15)  sin  (9  —  7)  sin  (12  —  11 )      • 
Salina  Base        "" sin  (26  —  25)  sin  (30  —  29)  sin  (4  —  2)  sin  ( 16  — 14) 

F=  log  sin  (3  —  1) -flog  sin  (17  —  15) -f  log  sin  (9  — 7)  4- log  sin  (12  — 11) 
—  log  sin  (26  —  25)  —  log  sin  (30  —  29)  —  log  sin  (4  —  2)  —  log  sin  ( 16  —  14) 

Establishing  and  solving  the  transfer  equation,  we  get — 

^=^4-65,  also  w^=  ±3-24  and  r^=  ±2*19; 

hence  log.  distance  Thompson  to  Heath  4*499  188  o  and  distance  31  56371  metres.     The 

d=  2  2  d=  0*16 

probable  error  is  about  Twr^^isis  part;  adding  to  this  the  proportional  error  arising  from 

31  564 
the  base  measure,  or  o"oo6  3  X  ^  ^^  =  zt  0*030  metre,  we  have — 

Probable  error  of  length  of  side  Thompson  to  Heath  V(o'  1 6)'  +  (o'03o)*  =  zt  o"  f  6  metre. 

GBNBRAL  DESCRIPTION  OP  STATIONS  PORMING  THE  SAUNA  BASE  NET,   KANSAS. 

Salina  West  Base,  Saline  County;  established  by  F.  D.  Granger  in  1895.  This 
station  is  situated  in  the  northeast  part  of  Salina,  east  of  the  tanks  of  the  Standard  Oil 
Company.  The  geodetic  point  is  marked  by  the  intersection  of  cross  lines  on  a  copper 
bolt  set  in  a  limestone  post,  6  inches  square  and  2  feet  long,  sunk  2*5  feet  below  the 
surface  of  the  ground.  About  5  inches  of  earth  covers  the  top  of  the  post.  Above  this, 
except  for  a  space  of  8  inches  square  over  the  post,  is  a  layer  of  concrete  4  inches  thick 
and  36  inches  square,  on  which  rests  a  limestone  block  30  inches  square  and  10  inches 
high,  supporting  another  limestone  block  30  inches  ^square  and  15  inches  high,  with 
beveled  top  and  having  a  copper  bolt  with  cross  lines  and  a  small  drill  hole  sunk  into  its 
top  as  a  surface  mark.  The  two  blocks  are  cemented  together  and  are  surrounded  by 
a  body  of  concrete  several  inches  thick.  The  exposed  top  of  the  block  bears  the 
inscription  U.S.C.&G.  Survey,  1896.  The  following  distances  are  given  as  reference 
marks:  The  geodetic  point  is  4275  feet  northwest  of  the  line  of  telegraph  poles  which 
follow  on  the  north  side  of  and  parallel  to  the  track  of  the  Union  Pacific  Railroad,  and 
10  feet  east  of  a  north  and  south  fence  which  marks  the  eastern  limit  of  ground  owned 
by  the  Standard  Oil  Company,  79  feet  northwest  of  the  north  rail  of  the  main  track 
of  the  Union  Pacific  Railroad.  It  is  also  797  feet  west  of  telegraph  pole  and  35*2  feet 
a  little  east  of  north  of  the  fence  comer  of  the  Standard  Oil  Company's  property. 

Salina  East  Base,  Saline  County;  established  by  F.  D.  Granger  in  1895.  This 
station  is  situated  about  i  mile  west  of  the  village  of  New  Cambria  on  land  owned  by 
>lrs.  Mary  Marlin,  of  Salina.  The  geodetic  point  is  marked,  both  underground  and  at 
the  surface,  in  practically  the  same  manner  as  at  West  Base  station,  the  only  points  of 
difference  being  that  the  underground  post  is  2*7  feet  below  the  surface,  with  8  inches 
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of  earth  and  5  inches  of  concrete  over  it.  The  geodetic  point  is  78*8  feet  a  little  south 
of  west  from  a  wire  fence  on  the  Marlin  farm;  22*43  feet  a  little  west  of  north  of  a  wire 
fence  alongside  the  railroad;  35*05  feet  from  the  second  telegraph  pole — marked  with  a 
triangle — west  of  the  gate  entrance  to  the  Marlin  farm,  and  70*3  feet  in  the  same 
direction  from  the  north  rail  of  the  Union  Pacific  Railroad  track. 

Iron  Mound ^  Saline  County;  established  by  F.  D.  Granger  in  1886.  This  station  is 
situated  on  a  prominent  and  well-known  butte  in  the  northwest  quarter  of  section  26, 
township  14  south,  range  2  west  of  the  sixth  principal  meridian,  about  7  miles  south- 
east of  Salina.  The  geodetic  point  is  marked  by  a  stone  ink  bottle,  filled  with  ashes 
and  buried  2*7  feet  below  the  surface  of  the  ground.  Over  this  was  placed  a  marble 
post  6  inches  square  and  2*3  feet  long,  with  cross  lines  and  the  letters  U.S.C.S.  cut  on 
its  top  surface,  which  was  flush  with  the  ground.  As  reference  marks,  two  hard  lime- 
stone posts,  each  5  inches  square  and  2*3  feet  long  and  having  a  single  diagonal  groove 
and  arrowhead  cut  on  the  top,  were  placed  in  the  meridian  of  the  station,  one  north  and 
one  south  of  the  central  marble  post. 

North  Pole  Mound,  Saline  County;  established  by  F.  D.  Granger  in  1890.  This 
station  is  situated  on  a  prominent  and  well-known  hill  in  the  northwest  quarter  of  section 
I,  township  14  south,  range  3  west  of  the  sixth  principal  meridian  and  about  8*5  miles 
north  of  Salina.  The  geodetic  point  is  marked  by  a  bottle  filled  with  ashes,  buried  i 
foot  below  the  surface  of  the  ground.  Over  this  was  placed  a  limestone  block  i  foot 
square  by  5  inches  thick,  with  two  cross  lines  and  the  letters  U.S.C.S.  cut  on  its  top 
•surface,  which  was  covered  with  several  inches  of  earth. 

Heath,  Ellsworth  County;  established  by  F.  D.  Granger  in  i  90.  This  station  is 
situated  in  the  southwest  quarter  of  section  12,  township  14  south,  range  7  west  of  the 
sixth  principal  meridian,  on  land  owned  by  William  Heath,  who  lives  in  a  stone  house 
about  one-third  of  a  mile  to  the  southwest.  The  nearest  towns  are  Brookville,  14  miles 
to  the  southeast,  and  Ellsworth,  18  miles  to  the  southwest,  both  on  the  Union  Pacific 
Railroad.  The  geodetic  point  is  marked  by  a  glass  bottle  filled  with  ashes,  the  top 
heing  3  feet  below  the  surface  of  the  ground.  Over  this  was  placed  a  marble  post 
6  inches  square  and  2*25  feet  long,  having  two  cross  lines  and  the  letters  U.S.C.S.  cut 
on  its  top  surface,  which  was  flush  with  the  ground.  As  reference  marks,  two  hard 
limestone  posts,  each  6  inches  square  and  2*25  feet  long,  with  a  single  diagonal  groove 
and  arrowhead  cut  on  top,  were  placed  in  the  meridian  of  the  station,  one  7*51  feet 
south  and  one  7*16  feet  north  of  the  central  marble  post. 

Thompson,  Ottawa  County;  established  by  F.  D.  Granger  in  1890.  This  station  is 
situated  about  12  miles  southwest  of  the  town  of  Minneapolis,  in  the  northwest  quarter 
of  section  25,  township  11  south,  range  5  west  of  the  sixth  principal  meridian,  on  a 
prominent  round-top  hill  belonging  to  Judge  R.  F.  Thompson,  of  Minneapolis,  Kansas. 
The  geodetic  point  is  marked  by  a  bottle  filled  with  ashes,  buried  3  feet  below  the 
surface  of  the  ground.  Over  this  was  placed  a  marble  post,  6  inches  square  and  2*25 
feet  long,  having  two  cross  lines  and  the  letters  U.S.CS.  cut  on  its  top  surface,  which 
was  flush  with  the  ground.  As  reference  marks,  two  hard  limestone  posts,  each  6 
inches  square  and  2*25  feet  long,  with  a  single  diagonal  groove  and  arrowhead  cut 
on  top,  were  placed  in  the  meridian  of  the  station,  one  13*18  feet  north  and  one  14*10 
feet  south  of  the  central  marble  post. 

Vine  Creek,  Ottawa  County;  established  by  F.  D.  Granger  in  1886.     This  station 
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IS  situated  in  the  northwest  quarter  of  section  13,  township  11  south,  range  i  west  of 
the  sixth  principal  meridian.  The  nearest  railroad  stations  are  Vine  Creek,  2j^  miles 
to  the  northwest,  and  Manchester,  4  miles  east,  both  on  the  Santa  F6  Railroad.  The 
geodetic  point  is  marked  by  a  bottle  filled  with  ashes,  buried  2*6  feet  below  the  surface 
of  the  ground.  Over  this  was  placed  a  marble  post,  6  inches  square  and  2*3  feet  long, 
having  two  cross  lines  and  the  letters  U.S.C.S.  cut  on  its  top  surface,  which  was  flush 
with  the  ground.  As  reference  marks,  two  limestone  posts,  each  5  inches  square  and 
2*5  feet  long,  with  a  single  diagonal  groove  and  arrowhead  cut  on  top,  were  placed  in 
the  meridian  of  the  station,  one  north  and  one  south,  each  distant  lo'oi  feet  from  the 
central  marble  post.  Additional  reference  marks  are  as  follows:  The  northeast  corner 
of  McDade's  house  bears  south  53°  30'  west,  distant  270*5  feet;  stone  at  northwest 
comer  of  section  13  bears  north  7°  41'  west,  distant  466*7  feet;  southwest  comer  of  old 
stone  stable  bears  north  83^  08'  east,  distant  218*6  feet;  stone  on  the  sixth  principal 
meridian  at  the  southeast  comer  of  the  northeast  quarter  of  section  13  bears  south 
67°  12'  east,  distant  5  680  feet,  and  the  northwest  comer  of  stone  '* dugout*'  bears 
south  65°  31'  east,  and  distant  124*6  feet  from  the  central  marble  post.  All  bearings 
are  true. 

(j)    Salt  Lake  Base  Line,   Utah,  18^, 

LOCATION,  MEASUREMENT,  AND  LENGTH. 

This  base  line  is  located  between  Kaysville,  Davis  County,  and  Hooper,  Weber 
County,  Utah,  about  16  kilometres  or  10  statute  miles  south-southwest  of  Ogden,  and' 
within  about  5  miles  of  the  railroad  cpnnecting  with  Salt  Lake  City.  It  extends  along 
the  eastern  shore  of  the  Great  Salt  Lake,  over  hard  and  somewhat  sandy  ground, 
including  pastures  and  some  cultivated  fields.  It  is  flat  thrt)Ughout,  but  crosses  two 
main  irrigation  ditches  (which  had  to  be  bridged),  the  railway,  a  turnpike,  minor  water 
ditches,  dikes,  furrows,  and  innumerable  barbed-wire  fences.  The  northwest  and  south- 
east ends  are  located  on  pasture  grounds;  the  line  is  at  an  approximate  elevation  of 
I  297  metres  (4  255  feet)  above  the  sea  level,  and  its  length  is  11*20  kilometres  (or  7 
statute  miles)  nearly. 

The  middle  of  the  base  is  in  latitude  41°  04'  and  in  longitude  112°  04',  and  its 
azimuth  at  the  southeast  end  is  132°  05'  nearly.  The  terminals  of  the  base  are  marked 
by  brick  monuments  rising  9  feet  above  the  ground,  with  bases  4  feet  square,  and 
tapering  upward.  Each  monument  has  a  capstone,  a  second*  stone  flush  with  the  surface 
of  the  ground,  and  a  third  one  3  feet  below,  each  having  a  copper  bolt  in  its  center  to 
secure  the  end  of  the  line.  The  kilometre  or  line  stones,  10  in  number,  have  their 
upper  surfaces  flush  with  the  ground  and  are  likewise  provided  with  copper  bolts. 

The  site  was  first  reconnoitered  in  1883  by  Assistant  Eimbeck,  and  was  again 
visited  by  him  in  1886  and  in  1887,  but  the  final  location  of  the  base  was  made  in  1896. 
To  obtain  its  height  above  the  sea,  a  line  of  spirit  levels  (forward  and  backward)  connects 
the  Ogden  railroad  station  (old  depot)  with  the  Ogden  Observatory.  The  Hooper 
bench  mark  on  the  lake  is  connected  with  the  latter  place,  also  with  Northwest  Base 
and  along  the  base,  with  Southeast  Base.  The  ends  of  the  base  are  connected  with  the 
surrounding  trigonometric  stations  by  reciprocal  zenith  distances. 

The  base  was  measured  in  September  and  October,  1896,  under  the  direction  of 
Assistant  Eimbeck,  with  the  new  base  apparatus  known  as  the  ** duplex,**  designed  by 
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him  and  here  used  for  the  first  time.  A  detailed  description  of  this  apparatus  is  given 
in  Appendix  No.  11,  Coast  and  Geodetic  Survey  Report  for  1897.  The  base  was 
measured  twice,  under  canvas  cover;  once  forward  and  once  backward.  It  includes 
eleven  subdivisions.  Each  half  kilometre  was  measured  as  near  as  possible  with 
stationary  or  with  rising  and  with  falling  temperatures,  and  with  interchange  of  the 
component  bars  with  respect  to  ** up  and  down."  A  description  of  the  measure  will  be 
found  in  Appendix  No.  12,  Coast  and  Geodetic  Survey  Report  for  1897. 

No.  13. 


POotJ^ 


Mt.Nebo 


The  standardization  of  the  duplex  contact-slide  base  apparatus, — ^This  consists  in 
determining  the  length  of  one  of  the  rods  in  terms  of  the  observed  difference  of  length  of  the 
steel  and  brass  components  at  a  given  temperature  and  includes  also,  as  a  precautionary 
or  auxiliary  measure,  the  length  of  each  rod  at  a  given  temperature  and  its  coefficient  of 
expansion.  During  these  and  all  subsequent  operations  the  bars  were  covered  with  felt 
cloth. 

The  metallic  duplex  5-metre  base  bars  Nos.  1 5  and  1 6  were  standardized  at  the  Survey 
office  at  Washington  both  before  and  after  the  measure  of  the  Salt  Lake  Base  Line. 
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For  this  and  other  purposes  a  test  line  50  metres  in  length  was  established  in  the  yard 
adjacent  to  and  south  of  the  office  building.  The  location  is  unfavorable,  being  on  made 
ground  and  covering  a  surface  originally  sloping,  but  was  the  best  that  could  conven- 
iently be  had.  It,  however,  necessitated  the  frequent  redetermination  of  its  length, 
which  was  readily  effected  by  means  of  the  5 -metre  bar-in-ice  No.  17.  The  terminal 
marks  aie  bronze  bolts  about  18  millimetres  in  diameter  and  ending  in  a  spherical  segment 
the  center  of  which  is  determined  by  means  of  the  so-called  cut-oflf  apparatus.  Each 
bolt  is  embedded  in  a  block  of  concrete  about  i  }4  metres  square  and  i  J^  metres  high. 
Between  these  marks  wooden  posts  are  driven  at  intervals  of  5  metres,  which,  together 
with  two  brick  piers  at  the  ends  i  '2  metres  higher  than  the  concrete  containing  the 
terminals,  serve  for  the  support  of  microscopes  as  may  be  required  during  measures. 
Alongside  of  these  supports  there  runs  a  wooden  track  capped  with  iron  rails  for  the 
easy  transportation  of  the  measuring  bars.  The  whole  line  is  covered  by  a  shed  with 
openings  in  the  sides  for  ventilation,  those  on  the  north  side  being  opposite  the  posts  and 
piers  for  illumination  of  the  line  measures. 

The  first  operation,  in  charge  of  Assistant  A.  Braid,  chief  of  Office  of  Weights  and 
Measures,  consisted  of  the  measures  of  the  length  of  the  office  test  line,  the  variations 
of  which  were  found  to  reach  a  range  of  nearly  2  millimetres  during  the  interval  from 
February  to  May,  1896,  and  of  the  standardizing  of  the  two  bars  of  the  duplex  appa- 
ratus. The  second  operation  at  this  place,  and  after  the  measure  of  the  Salt  Lake  Base, 
comprised  similar  work  in  charge  of  Assistant  W.  Eimbeck  during  November,  1896. 
In  accordance  with  the  principle  of  construction  of  the  duplex  base  apparatus  what  must 
be  known  first  is  the  length  of  the  steel  and  brass  components  for  a  given  temperature, 
and  second  according  to  the  duplex  principle,  the  lengths  of  the  steel  (or  brass)  bar 
corresponding  to  a  given  difference  of  length  of  the  two  components;  thus  the  use  of 
thermometers  may,  if  we  choose,  be  dispensed  with  in  the  work  of  standardization  as 
well  as  in  that  of  the  base  measure.  It  is  only  assumed  that  the  steel  and  brass  bars 
are  of  the  same  temperature.  Thermometers  were  employed,  however,  in  the  work  on 
the  test  line  and  as  a  precautionary  measure  also  in  the  first  practical  application  of  the 
apparatus  in  the  field. 

The  method  of  using  the  bar-in-ice  No.  17  for  laying  out  a  standard  length  is 
described  in  Appendix  No.  8,  Coast  and  Geodetic  Survey  Report  for  1892,  pp.  329-503, 
where  the  length  of  the  steel  bar  at  the  temperature  of  melting  ice  was  found  to  be 
5  metres  —16*2//  rt  o'4A*.*     (See  also  account  of  the  Holton  Base  measure.) 

Measure  of  the  ^o-metre  office  test  Ime  with  the  ^-metre  bar-in-ice  No.  ij. — Micro- 
scopes A  and  B  were  mounted  over  the  west  and  east  piers,  respectively;  microscopes  i, 
2, 3,  and  4  were  mounted  on  posts  within  the  line  (at  distances  of  5  metres).  The  value  of 
one  turn  of  micrometre  of  A,  was  72  06/^,  and  of  B,  7I'2A«,  and  one  division  of  each  of 
the  micrometres  of  the  intervening  microscopes  was  equal  to  i/i.  Cut-off  cylinder  No. 
I  was  used  at  both  ends  of  the  line.  Its  length  was  1 04  '8  centimetres ;  one  division  of  level 
was' equal  to  6".  17,  equivalent  to  31  '3/^.  On  April  3  a  new  level  was  substituted  with  a 
division  =  2". 43,  equivalent  to  I2'3>«.  Thecut-off  scale  is  divided  into  millimetres.  A 
sector  was  read  for  grade  correction.  The  first  series  of  measures  covered  the  period 
February  to  May,  1896;  the  second  series  was  made  in  November,  1896.  The  results 
are  given  below: 


*  This  probable  error  which  refers  to  Prototyije  Metre  No.  21  must  be  changed  to  ±ri/*  to  refer  it  to  the  Interna- 
lional  Metre.    Appendix  No.  K.  Report  for  1S92,  p.  ^^^x. 
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First 

series. 

No 

Date. 

Hour 

Direc 

.     length       Daily         j^ 

Date, 

Hour 

Direc- 

Length 

Daily 

A^U. 

1896. 

A  A\#&fl  ■  • 

tion. 

50IW.     mean  50W. 

1896. 

AMAMVk^m 

tion. 

50*». 

mean  som 

p.m. 

¥■                  H- 

a.m. 

** 

** 

I 

February  25 

07 

E. 

:  IK  - 

-      55] 

24 

April  8 

11*5 

W. 

-384' 

2 

3 

41 

March  9 

2*3 
0-4 

W. 
E. 

25 

<i 

/.  m. 
0'9 

E. 

-384 

-387 

4 

2  "O 

W. 

-      47    -       79 

26 

(( 

3-i(?)W. 

-394 

5 

«t 

2*9 

E. 

-     136  J 

27 

April  14 

0-4 

W. 

-  76 

6 

March  10 

0-3 

W. 

1 
-            48  1 

28 

(i 

I  '2 

E. 

-  17 

-  41 

7 

(1 

I  'O 

E. 

-      97 

29 

<< 

5*4 

W. 

29  J 

a.  m. 

8 

It 

1-8 

W. 

-      95 

'—      57 

30 

April  18 

11  -o 

E. 

4-117' 

9 

10 

(C 

f  ( 

2-2 

2-8 

E. 
W. 

-  15 

-  52 

31 

li 

11*5 
p.  m. 

W. 

4-192 

4-151 

II 

(C 

3-3 

E. 

-      35 

32 

i< 

3*7 

E. 

4-145. 

12 

March  31 

1-8 

W. 

—  I    2l6 

'  33 

May  7 

o*4 

E. 

4-677" 

13 

ti 

2-8 

E. 

—  I  278 

—  I  248 

34 

II 

I  "I 

W. 

+744 

+699 

14 

i* 

3-6 

\V. 

-I  251  J 

35 

11 

4*4 

E. 

-f676, 

15 

April  2 

17 

E. 

-I  075] 

a.  m. 

16 

(( 

2-3 

W. 

—I  092    —I  097 

36 

May  8 

10 -6 

W. 

4-712' 

17 

<( 

3-0 

E. 

—  I  125  J 

37 

t( 

II  -2 
p.  m. 

E. 

4-675 

4-696 

18 

April  4 

2-8 

W. 

—   827/ 

38 

IC 

3 '5 

W. 

+701.. 

19 

(( 

3*5 

E. 

a.  m. 

20 

April  7 

II -6 
p.m. 

W. 

-   458] 

21 

(( 

0-3 

E. 

525 

-     488 

■ 

22 

(1 

3*2 

W. 

-    489 

23 

i( 

3-8 

E. 

—   481. 

i 

Subtracting  each  result  from  its  daily  mean,  squaring  and  summing,  we  find  the 
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probable  error  of  a  single  measure  of  the  test  line  =  0*675  ^/-L?!^  =0*675  ^/    ^    ^ 

=  :±:  2i/i  =  y-TirJ-Tnnr  part  of  the  length.  The  great  change  in  length  between  March 
10  and  31  was  unexpected,  and  since  no  interpolation  for  length  during  this  period  could 
be  made,  all  (23  in  number)  measures  with  the  duplex  bar  made  during  this  period  had 
to  be  rejected. 

Second  series^  after  the  measure  of  the  Salt  Lake  Base.     November,  1896. 


lo 

Date, 
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Direc- 
tion. 
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No. 
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p.  m. 

• 

M                   M 

a.  m. 

M                   M 

I 
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E. 
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8 

1 
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W.       4-4    147    L     .AA 
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E.     +4  172 . 

2 

3 
4 
5 

18 
18 

19 
19 

a.  m. 
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1 1 -6 
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II '5 
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E. 
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W. 
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9 

1 
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II 

12 

24 
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25 

25 

12  -Ol 
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"•3 

/.  m. 

4*o 

6 

7 

20 
2C 
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11-4 

E. 

f 4  161 ^ 

4-4 108  W ''' 

18732 — N( 

3.   4— 

—13 
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Apparently  no  change  took  place  in  the  length  of  the  base;  hence  mean  length 

=  50  metres +4  140/^  and  ztii^^  when  referred  to  the  International  Metre;  also  the 

±     8 

probable  error  of  a  single  measure  ifc  27/^  or  T"?ii"irTrir  of  length. 

Determination  of  the  length  of  the  duplex  bars  Nos,  75  and  16,  from  measures  of  the 
§o-rfietre  test  line, — The  standardization  of  these  bars  can  be  effected  with  or  without  the 
use  of  thermometers.  The  results  by  the  thermometric  method  will  be  given  first. 
The  measures  cover  the  same  dates  as  those  on  which  the  exact  length  of  the  test  line 
was  ascertained  by  means  of  the  bar-in-ice  measures.  Centigrade  thermometers  Nos. 
8850,  8848,  and  8818  were  placed  between  the  rods  of  No.  15,  and  C.  thermometers 
Nos.  8856,  8854,  and  8815  between  the  rods  of  No.  16,  at  one-sixth  of  the  length  from 
the  ends  of  the  rods  and  at  the  middle,  respectively.  Corrections  to  thermometers 
referred  to  the  hydrogen  scale. 

Thermometers. 


'^'"^^f       ^  »56  8  854 


8  815  8  850 


8  848 


8  818 
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— 
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15 
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— 

•08 

— 
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— 

•01 

20 
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—  "lO 

— 

•06 

— 

•06 

— 

•04 

25 

--•07 

-•06 

-•17 

— 

•ir 

— 

•II 

— 

•06 

30 

—  -12 

—  -12 

•13 

•12 

•12 

— 

•00 

35 

•08 

—  -lo 

•16 

— 

•08 

— 

•13 

— 

•10 

40 

-•09 

-•14 

—  "12 

•06 

— 

•II 

- 

11 

45 

■13 

•16 

—  -11 

•13 

— 

•II 

— 

•06 

•00 


-•04 


The  mean  of  the  three  thermometers  attached  to  each  bar  was  used  in  the  com- 
putation. 

The  value  of  the  divisions  of  the  four  scales  on  bars  15  and  16,  which  measure  the 
relative  longitudinal  shifting  of  the  bars,  was  found  to  be  i  millimetre,  very  nearly,  at  a 
temperature  of  11°  7  C. 

A  table  was  formed  which  contains,  for  each  measure  of  the  test  line,  the  excess 
or  defect  of  the  10  steel  rods  (of  15  and  16)  and  the  10  brass  rods  (of  15  and  16)  on 
a  50-metre  line.  Due  regard  was  paid  to  the  actual  distance  between  the  terminals 
as  found  on  the  same  day  of  measure  with  the  bar-in-ice,  and  to  all  corrections  for 
slope,  inclination,  and  scale  of  the  cut-off  apparatus.  The  observations,  however, 
of  April  14,  18,  May  7,  8,  were  not  made  with  the  apparatus  under  the  same  con- 
ditions as  afterwards  employed.  In  the  first  place,  no  inversion  of  the  bars  took 
place;  i.  e.,  observations  with  "face  up  and  face  down.'*  An  attempt  was  made  to 
supply  this  omission  by  the  direct  measure  of  the  difference  between  the  two  fiducial 
lines  of  each  of  the  four  rods,  but  these  last  measures  proved  unsatisfactory.  In  the 
second  place,  it  should  be  noted  that  in  the  measures  over  the  test  line  the  same  metal 
of  the  rods  was  always  exposed  to  the  south — that  is,  to  greater  heat  radiation  than  the 
other.     This  circumstance  was  brought  about  by  the  backward  manipulation  of  the 
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apparatus  when  changing  the  direction  of  the  measure.*  For  these  reasons  it  was 
thought  best  to  depend  for  the  standardization  of  the  apparatus  on  the  November 
observations  alone. 

The  following  table  exhibits  the  32  measures  of  the  test  base  (50  metres — 4  140/4) 
with  the  duplex  bars,  giving  the  separate  results  for  the  steel  and  brass  components; 
the  last  three  columns  give  the  excess  of  length  of  lo-metre  steel  rods  over  50  metres  the 
same  for  lo-metre  brass  rods  (the  negative  signs  shows  that  they  fall  short  of  it) ,  and  the 
diflFerence  in  the  length  of  lo-metre  steel  and  10- metre  brass  rods  for  the  temperatures 
noted.     These  quantities  are  given  in  microns. 

Standardization  of  the  bars  Nos,  1$  and  16  of  the  Duplex  Apparatus  over  the  office  so-metre  test  line 
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nent W.-B. 
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rod. 
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brass  rods. 
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U. 
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19 

w. 
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D. 
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D. 
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E. 

U. 

508 

-91 

-4900 

6 

15 

-  62 

+    6 

+7  183 

II  601 

18  852 

7  251 

10 

20 

>-3 

W. 

U. 

5  13 

-45 

+857 

6 

15 

-146 

-  46 

+7  007 

11  520 

18  627 

7  107 

II 

20 

1-6 

E. 

D. 
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+755 

6 

22 

- 150  —6  870 

-  80 

11  572 

18  512 

6  940 

12 

20 

1-9 

W. 

D. 

5  42 

-  9 

+748 

6 

22 

-a66  -6  963 

-27a 

11  364 

18  321 

6957 

1.^ 

20 

22 

E. 

D. 

5 '57 

-54 

+758 

6 

22 

-162  -7  073 

-329 

11  323 

18  229 

6  906 

14 

20 

2-6 

w. 

D. 

5  74 

-40 

+752 

6 

22 

-326  -6  987 

-468 

11  253 

18  096 

6845 

'5 

20 

30 

E. 

U. 

5*95 

-36 

+530 

6 

15 

-234 

-175 

+6  770 

II  114 

17943 

6  829 

,6 

20 

3  4 

W. 

U. 

6-01 

-60 

+550 

7 

15 

—  201 

-163 

+6543 

11  142 

17  723 

6581 

17 

24 

17 

W. 

U. 

15*19 

-28 

+512 

8 

13 

-4-3  613 

-     7 

5  719 

9329 

3  610 

18 

24 

2 '3 

B. 

U. 

16 'II 

-18 

+669 

7 

12 

+    7  -3  277 

0 

5  234 

8504 

3  270 

19 

24 

2-6 

W. 

D. 

16 '90 

-24 

—     2 

8 

9 

-  75 

-  73 

+2953 

-    4  751 

7  706 

2955 

30 

24 

30 

E. 

D. 

17-32 

-41 

+  14 

7 

9 

-241 

-aoi 

+2  717 

4585 

7  342 

2  757 

21 

24 

3 '4 

W. 

D. 

17 '68 

-45 

+  21 

7 

9 

-541 

-477 

+2  730 

4  288 

7  082 

2  794 

22 

24 

3  7 

E. 

D. 

17-97 

-59 

+  22 

8 

9 

-S66 

-523 

+2  6ao 

4  249 

6  91a 

2663 

23 

24 

40 

W. 

U. 

18*26 

-16 

+694 

8 

10 

-  39  -2  460 

-    9 

4  031 

6  sai 

2490 

34 

24 

4  3 

E. 

U. 

18-38 

+35 

+510 

7 

10 

+  29-2  413 

+  46 

4014 

6  444 

2  430 

^1 

25 

I'O 

w. 

U. 

15-09 

—  11 

+  160 

7 

13 

+507  -3  630 

+478 

5879 

9480 

3  601 

26 

25 

I  '2 

E. 

u. 

15-66 

+  6 

+  146 

7 

13 

+  69  -3  553 

+  44 

5  521 

9049 

3  528 

27 

25 

17 

W. 

D. 

16 '34 

+  6 

-566 

8 

10 

-203 

-  62 

+3  117 

5089 

8  347 

3  258 

aS 

25 

a"o 

E. 

D. 

16*91 

+  9 

-395 

7 

9 

+  191 

+333 

+2  977 

4658 

7  777 

3  119 

29 

25 

2 '3 

W. 

D. 

17-46 

-18 

-381 

7 

9 

-  63 

+  52 

+2  720 

4  391 

7  2a6 

2835 

30 

25 

a -6 

E. 

D. 

17-87 

+  1 

-399 

7 

9 

-245 

-127 

+2  603 

4  210 

6931 

2  721 

31 

25 

29 

W. 

U. 

18-39 

+13 

-645 

7 

II 

-I-271  —2  sao 

+230 

3972 

6451 

2  479 

32 

25 

32 

E.       U. 
Mean  /«» 

18-61 

-24 

-608 

-7 

+11  000 

+  66  -2  430 

+  24 

Mean 

-  3857 

-  6  245  +2  388 

14-81 

-  5  996 

-  9  719  +3  723 

*  To  turn  the  apparattui  end  for  end  would  have  exposed  it  to  the  direct  action  of  the  sun.    The  spring  measures 
were  all  made  during  rising  temperature. 
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DETERMINATION   OP   THE    COEFFICIENTS    OF    EXPANSION    OF   THE    STBEI.   AND   BRASS  RODS  PROM 

PRECEDING  OBSERVATIONS. 

Let  /  =  length  of  10  rods  (steel  or  brass)  at  temperature  t; 
l^  =  average  length  of  same  at  the  average  temperature  t^; 

hence  the  conditional  equation,  ^  =  4  —  /+a  {t  —  t^. 

Substituting  the  proper  values  from  the  preceding  table,  we  get  32  observation 

equations,  vfz: 

For  the  steel  rods.  For  the  brass  rods. 

^=  — 2  612 4-4*56 fl  £?=— 4  195  + 456 tf 

<i=  — 3  202-}-5-68tf  <?=  — 5  211 -f5-68a 

^=  —  3  69i-f-6*36fl  ^=  — 5  889-f-6-36a 

etc.  etc. 

The  normal  equations  are — 
for  steel,  o  =  —  567  884*58  -f  984*103  9  tf ,  and  for  brass,  o  =  —  907  901*66  -|-  984*103  9  a 

hence  a«  =  577*057  54  and  dividing  by  50,  the  coefficient  of  expansion  a,=  11*541  15  per  metre 
ai  =  922*566  87  and  dividing  by  50,  the  coefficient  of  expansion  a«=  18*451  34  per  metre 

also  the  ratio  ^  =  i  -598  74. 
a. 

The  final  results  are,  therefore — 

Length  of  10  steel  rods  at  14*^*81  C.  =  50W  —  5  996/4 

I  steel  rod  =   5m  -  599*6//,  i.  e:,  the  average  of  rods  of  bars  15  and  16 

I/ength  of  10  brass  rods  at  i4°*8i  C.  =50W  —  9  719/^ 

I  brass  rod  z=   5m  —  971  -9// 

Since  in  all  measures  with  the  bars  they  occur  always  in  pairs,  it  is  not  necessary 
to  know  the  length  of  the  5-metre  components  separately  for  bars  15  and  16.  They 
are,  however,  of  very  nearly  equal  length. 

If  /  =  temperature  at  which  the  (average)  steel  and  brass  rods  are  of  equal  length, 
we  find  /  =  +  25° '585  4  C.,*  and  the  corresponding  length  of  rods  of  bars  Nos.  15  and 
16  =  10m  +  44'4o6/i,  or  that  of  the  average  bar  ^m  +  22*203/^. 

Compulation  of  probable  errors  of  Ihe  preceding  results. 
By  means  of —  

we  find —  

Probable  error  of  resulting  value  of  a  for  steel  0*674  5  V — ^ — ^ —  =  ±2*17 ; 

▼  148-69X31 

hence  of  a:.     ±  0*043  4/1  per  metre 

Probable  error  of  resulting  value  of  a  for  brass  0*674  5  A/ — rt  ^       —  =  ±  2*13 ; 

▼  148*69X31 

hence  of  a*     d:  0*042  6/i  per  metre 

and  a,  =  11*541  2  X  lo"* 
±43  4 

and  a„  =  18451  3  X  i*^*  *" 
.i:42  6 


*  For  this  10  measures  in  April  and  May  gave  -f-  v^^'yi  C. 
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For  the  probable  error  of  the  length  of  an  average  steel  rod  we  have —  ' 

0*674  5  v — \J!Ea — ^  =0*674  5a/ ^'^  ^^^=db 7*21  for  10  rods:  hence  for  i  rod  ±0*72// ; 
"  «  («  —  i)  "     992 

also  for  brass  0*674  5  v — Z-?2?  =  db  7*32  for  10  rods;  hence  for  i  rod  ±  0*75// 

Y      992 

and  finally  ® 

Length  of  an  (average)  steel  rod  at  temperature  /  equal  5m  —  599'6/i  +  57*7i>^  (^—  i4*8i) 

±:       07     db       '22 

Length  of  an  (average)  brass  rod  at  temperature  /  equal  $m  —  971  '9/^  -h  92*26/1  (/  —  14*81 ) 

±      o"7     db      '21 

THE  DUPI,KX  APPARATUS  PROPER. 

Determination  of  length  of  the  steel  (or  brass)  rods  as  a  function  of  the  difference 
in  length  of  the  steel  and  brass  rods  when  at  the  same  temperature. 

By  the  preceding  table  of  results  over  the  test  line  we  have  given  32  differences  in 
length  between  the  two  components,  together  with  the  corresponding  lengths  of  the 
steel,  as  well  as  of  the  brass  rods.  The  former  will  be  used.  Let  10/  =  length  of  10 
rods  (steel)  when  the  developed  differential  length  of  the  two  components  is  A.,  in  the 
sense  (s—6)y  also  10/^  and  A.^  similar  quantities  at  their  mean  value  or  io/^  =  ^om 
-"5  99^/*  and  \=  3  723/i;  then  the  32  conditional  equations  will  be  of  the  form 
^  =  10  (/^  —  /)  +  c(X^  —  X)  from  which  the  coefficient  c  will  have  to  be  determined. 

The  equations  are — 

0  =  —  2  612  -f  I  583^ 

<?  =  —  3  202  -f  2  009  c 

0=  —  3  691  "h  2  198^ 

etc. 

The  normal  equation  iso=  —  196  145  716 -(-  117  622  895^;  hence  c=-^  1*667  5^* 

and  the  probable  error  of  r= 0*674  5  V  r  J-.  '^-* — r- =0*674  5\l-  ^^-^-  =  db  o*oio  17. 

For  a  developed  difiFerence  of  length  X  the  length  of  the  10  steel  rods  is  given  by 

io/  =  5oi«  — 5  996^  +  1-667  6  (3  723  — A). 
For  the  steel  and  brass  components  to  be  of  equal  length  h  we  have  for  A  =  0 

10/,  =  som  -f  212/1, 
or  two  bars  when  components  are  of  equal  length  =  10m  -f  42'4/<  and  i  bar  /« =  $m  +  21*2/1. 
The  probable  error  of  10/ is 

0*674  5  V  ^^^  ^^-  =  :=b  iS'i;/;  hence 
^32X31 

lol  or  10  steel  rods  =  50m  —  5  996//  f- 1  '667  6  (3  723  —  A )  "* 

±:         18     ±         10  2 

and  I  steel  rod  =  ^m  —  599'6/i  -f- 1-667  ^M  ( 372*3  —  A) 

ztz       1*8     ±        102 

where  A  refers  to  one  rod,  and  when  components  are  of  equal  length 

2  rods  =  lofn  ±:  y6M  -r  42*4/^  dtz  7-6/1  =  lom  -f  42-4^  ±  8*4//,  and  i  rod  =  5W1  -f  21-2/1. 

=t   4-2 


*For  this  lo  measures  of  the  test  line  in  April  and  May  g&vc  1*656  5. 
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COMPUTATION  OP  THE  LENGTH  OF  THE  BASE. 

In  the  application  of  the  Duplex  apparatus  to  the  measure  of  a  base  line  each  sub- 
division, in  the  present  case  each  kilometre,  is  measured  independently,  and  the  result 
will  depend  upon  the  accumulated  difference  of  length  between  the  two  rods  of  steel 
and  brass;  thus  it  may  be  likened  to  a  Borda  Scale,  of  which  the  component  metals 
extend  over  the  whole  length  of  the  section.  At  the  same  time  it  is  apparent  that  we 
can  also  deduce  the  length  of  the  base  without  resort  to  this  principle  by  simply 
regarding  the  apparatus  as  an  ordinary  contact-slide  apparatus,  provided  the  thermom- 
eters between  the  rods  are  read  during  the  measure.  Since  the  apparatus  contains 
two  rods  (steel  and  brass),  we  have  the  means  of  deducing  two  separate  results.  None 
of  these  three  results  is  independent  of  the  others,  except  as  to  the  accidental  errors 
special  to  each  method  and  developed  during  the  measure. 

There  are  1 1  subdivisions  of  the  base,  10  of  which  are  each  i  kilometre  and  the 
eleventh  i*2  kilometre  in  length,  of  which  the  first  part,  700  metres,  was  measured  at 
the  close  of  the  whole  work  to  take  the  place  of  an  initial  measure  when  the  party  was 
insufficiently  experienced.  At  the  southeast  end  of  the  base  the  bar  measures  com- 
menced I  141  06  metre  past  the  monument,  and  at  the  northwest  end  they  terminated 
0772  54  metre  before  coming  to  the  monument.  The  base  was  measured  forward  and 
backward,  and  the  discrepancy  shown  for  each  subdivision  furnished  the  data  for  the  com- 
putation of  the  probable  error.  The  '  *  face  * '  of  bars  for  the  second  half  of  each  kilometre 
was  reversed  from  that  employed  during  the  first  half. 

(a)  Length  of  base  and  subdivisions  by  the  thermometric  method. 


Sec- 
tion. 


Date, 
1896. 


FIRST  MEASURE. 


Mean 
tempera 


Rising, 
falling, 


ture  of      *"|,rf '    j  •«<»*«.  «f  .««^;/^«.  k«     Correo  Shifting  forward 

rod8from  ?y!^'    length  of  section  by- ,.^„  ^^^  or  backward  of- 

ether-     Ji^fl?     Zimf        bH^m    inclina- 

rods.       tion. 


Length  of  section  from— 
steel  rods.       Brass  rods. 


raom- 
cters. 


temper- 
ature. 


steel  rods. 


Steel 
rod. 


Brass 
rod. 


Differ- 

ence. 

S.-B. 


XIa 

Oct. 

3 

Xlb 

Sept.  4, 5 

X 

5,7 

IX 

7.8 

VIII 

8,9 

VII 

10 

VI 

II 

v 

13 

IV 

14 

III 

15 

II 

16 

I 

17 

21-500 

27  374 
29696 

25  239 

18-095 

16  512 

23 '531 
25 '997 
29-109 

38-910 

22-974 
20-805 


r. 

f. 
s.,  r. 
f.,  s. 
f.,  r. 
r.,s. 
r.,s. 
r.,s. 
r.,s. 
r.,8. 
r.,  f. 
r.,  f. 


700—  29*90 

500-1-   12-53 

I  000+  51  -86 

+    0-43 

-  82-01 

-  100*38 

-  19-28 
+  9"i8 
+  45*09 

+  42*79 

-  2571 

-  50 -74 


flrf  9Ki« 

Wmf9»m 

WW9f9$» 

-49*66 

-23*03 

-187-63 

+  18-71 

25*08 

+  48-12 

+  80*27 

102  -77 

-228-81 

+     1*97 

132-12 

+   38*31 

-133*77 

70  70 

+  53-16 

-162-98 

4059 

+   70-43 

-  3348 

76-77 

+  76-40 

4-  12 -03 

62-19 

-    18  33 

+  69-44 

3844 

-      7-59 

-f65*77 

44*41 

-   24-64 

-  43*75 

78-93 

+  30  86 

-  83 -77 

-40-65 

+  66-88 

W»^W» 

m. 

m. 

Www  9W9  • 

-168-74 

69975944 

699*75857 

+0-87 

+  41*48 

50003557 

500-035  11 

+0-46 

-256-33 

999-720  28 

999*721  17 

-0-89 

+  41  -07 

-906  62 

•90698 

-036 

-104  09 

•90045 

•89963 

+0-83 

+  133*60 

92956 

•93003 

-0-47 

+  90*41 

98035 

-980  16 

+0-19 

-  20-88 

-92866 

*928  95 

—0-29 

-  31  "93 

99906 

*999  07 

— o-or 

-  47*34 

973  74 

•974  02 

—0-28 

+  49*00 

-926  23 

•92632 

—0-10 

+  99*95 

•975  49 

975  53 

-0-04 

S     H  199*035  44  "  199  035  53  1     -o  09 
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(a)  Laigth  of  base  and  subdivisions  by  the  thermometric  method — Completed. 

SECOND  MEASURB. 


Sec- 
tion. 

Date, 

1896. 

Mean 
tempera- 
ture of 
rods  from 
6  ther- 
mom- 
eters. 

Rising, 
falling, 
or  sta- 
tionary 
temper- 
ature.. 

Length  of  section  by- 
Steel  TWlS.        ^J3^ 

Correc- 
tion for 
inclina- 
tion. 

1 

Shifting  forward 
or  backward  of— 

Steel        Brass 
rod.          rod. 

I^ength  of  section  from— 
Steel  rods.      Brass  rods' 

Differ- 
ence. 
S.-B. 

1 

0 

'1«                   9W9  fW« 

mm. 

mm. 

WWi»             Wi^»« 

m. 

m. 

rwm  9wW» 

i;sept. 

18 

23  294 

r.,  f. 

1   000—    22-01 

-  37  85 

-3711 

+  37-34  +  53-23 

999-978  22 

999  978  27 

-0-05 

II ' 

23 

20578 

8.,  f. 

-  53  36 

-  87-96 

-90-27 

+  70-52  +105-07 

■92694 

-926  89 

+0-05 

III 

23 

20.721 

r.,8. 

-  51  Ti 

-  85-32 

-21  -56 

+  48-72  -1-  82-31 

•975  45 

975  43 

+0-02 

IV 

24 

18-385 

r.,s. 

-  78 -66 

-128-42 

-9-90 

+  89-21  +139-22 

I  000 '000  65 

1  000-000  90 

0-25 

V 

25 

17*349 

r.,8. 

-  90*62 

-147 '54 

-10-89 

+  3098  +  88-31 

999-929  47 

999-92988 

-0-41 

VI 

26 

17-587 

r.,8. 

-  87  87 

-143 '14 

-21-97 

+  8928  +145*55 

-97944 

-98044 

-    I'OO 

VII 

28 

20 '660 

r.,8. 

-  52-41 

-  86-45 

-15  05 

-     207  +  32-43 

•930  47 

•930  93 

-046 

VIII 

29 

22-468 

r.,8. 

-  31  '55 

-  53  09 

-21  00 

-   48  72  -  26-73 

•898  ?3 

-899  iS 

-045 

IX 

30 

22-658 

r.,8. 

-  2935 

-  49  58 

-49-04 

-  14-30  +    6-01 

•907  31 

•907  39 

-o-aS 

X 

Oct. 

I 

23494 

r.,8. 

-  1971 

-  34-16 

-27-89 

-229-32  -214-94 

•72308 

•723  01 

+0-07 

XI 

1,2 

a4  "301 

f.,  r.,  r. 

I  200-  12  "47 

-  23-13 

—41  -22 

-148-43  -138-14 

I  199  797  88 

1  199*797  51 

+0-37 

S    u  199-047  64    11  199-049  83  I     -2-19 

The  last   column   shows  a  remarkable   accord  between  the  results  bv  the  two 

m 

metallic  rods. 


(^)  Length  0/  base  and  subdivisions  by  the  duplex  method. 


FIRST  AND  SECOND  MEASURES. 


The  third  and  fourth  columns  in  the  table  below  contain  the  differences  accumulated 
during  each  section  by  the  two  rods,  and  the  values  are  taken  from  the  preceding  table, 
column  (9)  minus  column  (8);  the  corrections  for  inclination  are  the  same  as  before. 


'i.T      t  -KT      t    Accumulated  dif- 
No.  of  No.  of     ferences  in  total 
section,  bars.  ^^^^^ 

First       Second 
measure,  measure. 


Length  of  mean  rod 
(steel)  5  metres, 

First         Second 
measure,    meastire. 


Differ- 
ence 
Length  of  section  from—  first- 

second 
First  measure.  Second  measure,  measure. 


fHfHt 

fHtn, 

Xia 
Xlb 

140 
100 

+18-89 

-  6  64 

1+10-29 

X 

200 

-27  52 

+  14*38    , 

IX 

200 

--  2  -76 

+20-31 

VIII 

200 

+50*93 

+21  -19 

VII 

200 

+63  -17 

+  34  50 

VI 

200 

+14-01 

+56  -27 

V 

200 

-  2  55 

+57  *33 

IV 

200 

-24  '34 

+50  -oi 

III 

200 

—22  70 

+33  -59 

II 

200 

+I8-I4 

+34  '55 

I 

200 

+33  '07 

+  15  89 

/' 

/' 

m. 

m. 

ffitn. 

—203  -76 
+  132-31 

}      50  -26 

}■ 

199  -797  05 

I  199  -798  29 

-1-24 

+  25071 

-  98*65 

999  '718  56 

999  723  06 

-4*50 

177 

—  148-10 

•905  84 

-907  04 

—  I  -20 

-403  '41 

—  162 -11 

•901  78 

-897  86 

+3*92 

505  -46 

—  266-41 

•928  75 

-929  60 

-0-85 

95*57 

-447  -93 

•980  52 

•977  72 

+2-80 

+  42-51 

-456  -77 

-927  98 

-928  74 

—0*76 

+224  -19 

-395  '74 

-998  81 

I  000-000  16 

1-35 

+  210-52 

-258-83 

•973  05 

999  975  39 

2-34 

— 130  -00 

-266  83 

•925  93 

*926  93 

—  I  -00 

-254-49 

-in -24 

*975  33 

•977  98 

-2-65 

II 

199-033  60 

II   199-042  77 

9*17 
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(b)  Length  of  base  and  subdivisions  by  the  duplex  method — Completed. 

RECAPITULATION  OP  RESUI*TS  FOR  LENGTH  OF  BASE. 
[1*913  60  metres  has  been  added  to  preceding  results  to  refer  the  measure  to  the  monuments.] 

First  Second 


measure. 

measure. 

From  steel  rods  using  co- 

m. 

m. 

efficient  of  expansion. 

1 1  200  '949  0 

II  200*961  2 

From  brass  rods  using  co- 

efficient of  expansion. 

•949  I 

•963  4 

From  difference  in  length 

of  rods,  over  total  line. 

•947  2 

•956  4 

Mean. 


m. 


II  200-955  I 


Probable  error  of  measure- 
ment. 


•956  3 


•951  8 


Mean 


II  200-954  4 


tntn. 

±2  -o 


^rTTfi-ffTir  part. 


±2  -o      =bY-Tflio5g  part. 


±2  7      dbrroi  000  part. 


Where  the  probable  error,  in  each  case,  rests  upon  the  differences  A  of  the  11 

sections,  between  the  forward  and  backward  measures  and  is  given  by   ? — *-^  (-Sa')' 

2 

It  would  appear  from  the  probable  errors,  as  found  at  this  base,  that  the  duplex 
contact-slide  apparatus  has  no  special  advantage  over  the  ordinary  contact-slide  steel 
rod  with  thermometric  readings.  While  the  duplex  apparatus  demands  considerably 
more  labor  for  standardization,  record,  and  computation,  it  possesses  the  unique  feature  of 
being  independent  of  thermometers  and  produces  results  vying  in  accuracy  with  the  best. 

There  remain  for  consideration  three  sources  of  minute  effects  upon  the  length  of 
the  base,  viz:  the  push  o£  the  contact-slide  spring  at  the  time  of  contact,  the  change 
in  length  of  bars  due  to  Wear  of  the  knife-edge,  and  the  change  in  position  of  the  rod 
relative  to  the  point  of  support  of  the  metallic  casing  during  the  time  of  laying  a  bar. 

Respecting  the  first  source  actual  trials  indicated  that  the  pressure  of  the  springs 
of  about  2%  ounces  produced  a  displacement,  due  to  elastic  yielding  of  the  cradles 
sustaining  the  bars  of  4>^  microns,  the  bars  being  at  an  average  height  in  the  cradles 
and  trestles.  The  effect  on  the  base  length  would  be  about  10  millimetres,  subtractive 
from  the  measured  length. 

As  to  the  second  source  of  error,  measures  taken  at  the  close  of  the  work  (December 
15,  1896)  indicated  by  the  increased  width  of  the  knife-edges  that  a  considerable  amount 
of  agate,  estimated  at  9  microns  per  bar,  had  worn  away;  if  we  take  one-half  of  this  as 
representing  the  average  value,  the  whole  effect  on  the  length  would  be  2  240  X  4*5  or 
about  +  10  millimetres. 

The  last-mentioned  source  of  error  depends  upon  the  rate  of  change  of  temperature 
and  the  rapidity  of  the  base  measure,  which  latter  was,  on  the  average,  40  bars  laid  in 
60  minutes.  The  interval  of  time  between  making  and  breaking  contact  was  about  one 
minute,  during  which  short  time  no  appreciable  change  in  the  effective  length  of  the 
rods  could  have  taken  place.  This  effective  length  lies  mostly  between  the  rear  or 
knife-edge  trestle  and  the  forward  end  of  the  bar,  about  3^  metres.  The  effect  on  the 
length  of  the  base  changes  sign  with  change  from  rising  to  falling  temperature  and  is 
therefore  to  some  extent  compensatory. 

For  the  determination  of  the  height  of  the  base  line  above  the  sea  level,  we  must  for 
the  present  depend  upon  the  results  of  the  zenith  distances  measured  at  the  triangulation 
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stations  in  the  Rocky  Mountain  region  between  Pikes  Peak  and  the  Sierra  Nevada. 
The  heights  of  the  stations  as  adjusted  depend  upon  Pikes  Peak,  4  300*2  metres,  Round 
Top,  3  165*6  metres,  and  Mount  Lola,  2  786*8  metres,  the  adjusted  height  of  Salt  Lake 
Southeast  Base  being  i  289*4  metres. 

A  line  of  spirit  levels  was  run  forward  and  backward  by  J.  H.  Turner  in  October 
and  November,  1888,  from  the  crossing  of  the  Union  Pacific  and  Utah  Central  railroads 
at  Ogden  (of  the  same  elevation  as  the  old  passenger  station  at  Ogden)  to  the  United 
States  Engineers*  astronomic  observatory;  thence  to  the  Hooper  bench  mark  on  the  shore 
of  the  Great  Salt  Lake,  about  16  kilometres  or  10  miles  in  a  southwesterly  direction 
from  Ogden.  From  the  Hooper  bench  mark  levels  were  run  to  Salt  Lake  Northwest 
Base,  a  distance  of  7*2  kilometres  or  4)^  miles,  and  thence  over  the  length  of  the  base, 
a  distance  of  11*2  kilometres,  or  7  miles,  by  J.  J.  Gilbert  in  August  and  October,  1896. 
The  resulting  heights  based  on  the  height  of  Salt  Lake  Southeast  Base  are  as  follows: 


Southeast  Base,  top  of  bolt  and  surface  stone 

Northwest  Base,  top  of  bolt  and  surface  stone 

First  kilometre  stone  from  Southeast  Base 

Second  kilometre  stone 

Third  kilometre  stone 

Fourth  kilometre  stone 

Fifth  kilometre  stone 

Sixth  kilometre  stone 

Seventh  kilometre  stone 

Eighth  kilometre  stone 

Ninth  kilometre  stone 

Tenth  kilometre  stone 

Hooper  bench  mark,  bowlder  on  lake  shore 

United  States  Engineers'  observatory,  top  of  transit  pier 

Top  of  rail  at  crossing  of  Union  Pacific  and  Utah  Central  railroads  or  old 
passenger  station  at  Ogden 


Metres.  Feet. 

289*40 
294-89 

291  '57 
293  77 

295  '37 

29673 

297  "iS 

298  39 
298  65 
298*01 
297  'oS 

296  *52 

288*71=   4  228*0 
338*12=*  4  390*1 

315 -07=14  314*5 


The  average  height  of  the  base  (stubs)  above  Southeast  Base  is  6*5  metres  and 

average  height  of  the  base  bars  above  the  stubs  0*9  metre.     Hence  average  height  of 

base  bars  above  mean  sea  level  is  i  296*8  metres.     For  the  reduction  to  sea  level  s 

(reduced)  =  11  1987  metres,  A  =  i  296*8  metres  and  log  /o  =  6*8o4  58;   hence  reduc- 

hs 
tion  =  —  =  —  2*277  5  metres.    Measured  length  of  base,  1 1  200*954  4  metres.     Length 

of  base  reduced  to  sea  level,  11  198*676  9  metres. 

*  Lieutenant  Wheeler  g^ves  the  height  of  the  transit  pier  as  4  374*0  feet,  in  his  report  on  Surveys  West  of  the  One- 
hundredth  Meridian. 

t  In  Bulletin  No.  76  of  the  United  States  Geological  Survey  the  height  of  this  crossing  is  stated  to  be  4  303  feet.  Mr. 
W.  G.  Curtis,  engineer  of  the  Southern  Pacific  Railroad,  in  his  letter  of  December  29,  1896,  gives  the  elevation  of  bottom 
of  ties  above  mean  low  water  in  San  Francisco  Bay  as  4  396*14  feet,  corresponding  to  an  elevation  of  4  293-3  f<^^  of  top  of 
rail  above  half  tide  level. 
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PROBABLE  ERROR  OF  THE  LENGTH  OF  THE  SALT  LAKE  BASE  LINE. 

The  probable  error  of  measurement  may  be  taken  as  not  more  than  j  ^^jj  tf^tj  part  of 
the  length  ordb  2*5  millimetres. 

The  error  due  to  standardization  of  the  base  bars,  whether  we  make  use  of  the  steel 
or  the  brass  rods,  is  found  from  the  expression  for  the  length  of  .an  average  steel  rod 

zfco'y       ±0*22 

the  number  of  bars  is  2  240.  The  mean  temperature  of  the  base  measures  is  22® '660  .; 
hence  the  probable  errors  ±  i'6  millimetres  and  it  3 '.9  millimetres. 

The  probable  error  of  the  length  of  the  5-metre  bar-in-ice  No.  17  is  ±  I'l/i,  the 
corresponding  uncertainty  of  the  base  being  1*1X2  240=  ±2*5  millimetres. 

The  uncertainty  in  the  elevation  is  estimated  at  2>^  metres;  hence  probable  error 
in  reduction  to  sea  level  =  ±4*4  millimetres.  Combining  these  five  quantities  we  get 
for  the  total  probable  error 

V(2-5)'+(i-6)*  +  (3'9)'  +  (2-5)'  +  (4'4)'  =  ± 7  millimetres  > 

or  T-TTfiririr  part  of  the  length. 

Length  of  base     1 1  i<^'67ym  db  o'oorjm. 

and  its  logarithm  4*049  166  72 

±    27 

ABSTRACT    OF    RESULTING  HORIZONTAL  DIRECTIONS,  OBSERVED    AND    ADJUSTED  AT  THE  STATIONS 

FORMING  THE  SALT  LAKE  BASE  NET,  1887-88-89,  189I-92,  1896-97. 

Salt  Lake  Northwest  Base,  Davis  County,  Utah.     August  6  to  August  14,  1896.     50-centimetre  theod- 
olite, No.  5.     W.  Eimbeck,  observer. 


No.  of 
direction 

Objects  observed. 

Resulting  direc- 
tions from  station 
adjustment. 

Approxi- 
mate 

probable 
error. 

Reduction 

to 
sea  level. 

Resulting 
seconds. 

Corrections 

from 

base-net 

adjustment. 

Final  sec- 
onds in 
triangula- 
tion. 

0        /          // 

// 

// 

// 

// 

» 

• 

I 

Antelope 

0     00     00  "OCX) 

d=-o8i 

-f -104 

00*104 

—  '067 

00-037 

2 

Promontory 

100     51      17*201 

•092 

—  -122 

17  -079 

-h  '125 

17  204 

3 

Ogden  Peak 

214     31     36-342 

•080 

+  •148 

36  490 

—  -024 

36-466 

4 

Salt  Lake  Southeast  Ba.se 

287     34     49*556 

'092 

-•080 

49  '476 

--•034 

49-442 

Probable  error  of  a  single  observation  of  a  direction  {D,  and  R,)  —  ±0^^*59. 

Salt  Lake  Southeast  Base,  Davis  County,  Utah.     July  17  to  July  26,  1896.     50-centimetre  theodolite. 

No.  5.     W.  Eimbeck,  observer. 


0 

/ 

// 

// 

// 

// 

// 

// 

5 

Antelope 

0 

00 

oo'ooo 

d=  '091 

-f  -loi 

OO'IOI 

+  •151 

00*252 

6 

Salt  Lake  Northwest  Base 

72 

39 

13  -222 

•106 

—  •080 

13  142 

-h-065 

13*207 

7 

Ogden  Peak 

149 

25 

04-832 

•076 

+  •165 

04  997 

-•441 

04*556 

8 

Waddoup 

259 

37 

17  '050 

•113 

-•079 

16-971 

+  •225 

17  196 

Probable  error  of  a  single- observation  of  a  direction  {D,  and  ^.)  =  ±: 0^^-65, 
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ABSTRACT  OF    RBSUI«TING    H0RI20NTAI,    DIRECTIONS    OBSBRVED  AND  ADJUSTED  AT   THE    STATIONS 
FORMING  THE  SALT  I^KE  BASE  NET,    1887-88-89,    189I-92,    1 896-97— continued. 

Waddoup^  Davis  County,  .Utah.     May  25  to  June  18,  1892,  and  June  25  to  July  3,  1896.     50-centimetre 

theodolite,  No.  5.     W.  Eimbeck,  observer. 


No.  of 
direction 

Objects  obaerred. 

Resulting  direc- 
tions from  station 
adjustment. 

Approxi- 
mate 

probable 
error. 

Reduction 

to 
sea  level. 

Resulting 
seconds. 

Corrections 

from 

base-net 

adjustment. 

Final  sec^ 

onds  in 

triangula- 

tion. 

0 

/ 

// 

// 

// 

ff 

// 

ff 

Azimuth  Mark. 

0 

00 

00*000 

-+-106 

9 

Deseret 

82 

31 

23  634 

*II2 

4-  205 

23  '839 

+  •843 

24*682 

10 

Antelope 

J  33 

18 

49  '657 

*072 

-•053 

49*604 

•008 

49*596 

II 

Promontory 

165 

03 

25  -477 

•081 

—  -127 

25  -350 

-066 

25  284 

12 

Salt  Lake  Southeast  Ba.se 

173 

33 

24  056 

•150 

-•077 

23  979 

—  *20I 

23  778 

13 

Ogden  Peak 

211 

28 

26*908 

•083 

+  -005 

26  -913 

-•568 

26  '345 

Probable  error  of  a  single  observation  of  a  direction  (Z?.  and  ^.)  =  db  o''*88. 

Ogden  Peak,  Weber  County,  Utah.  September  11  to  October  10,  1888.  50-centimetre  theodolite, 
No.  5.  W.  Eimbeck,  observer.  June  24  to  June  30,  1891.  50-centimetre  theodolite.  No.  5.  P.  A. 
Welker,  observer.  ( W.  Eimbeck,  chief  of  party. )  July  16  to  July  29, 1896.  30-centimetre  theodo- 
lite. No.  146.     P.  A.  Welker,  obsen/er.    ( W.  Eimbeck,  chief  of  party. ) 


// 


// 


// 


// 


// 


// 


Azimuth  Mark  (North 
Ogden) 

0 

00 

00*000 

d= 

•052» 

—  •118 

59*882 

Draper 

193 

54 

09*172 

•io5t 

-•037 

09*135 

14 

Mount  Nebo 

196 

16 

31  *242 

•o77t 

—  '029 

31  "213 

-•378 

30  -835 

City  Creek 

199 

49 

48*631 

*o6i* 

*ooo 

48  63 1 

15 

W^addoup 

200 

39 

53  '835 

•o8ot 

-f-  *002 

53  -837 

+  790 

54  -627 

Oquirrh 

221 

37 

00*243 

•o85t 

+  •121 

00*364 

16 

Salt  Lake  SE.  Base 

232 

32 

39*895 

•o89t 

-f  -072 

39*967 

+  •382 

40  349 

17 

Deseret 

237 

33 

22*988 

*o89t 

-f  -202 

23  190 

-*787 

22  *403 

18 

Antelope 

246 

47 

32  372 

{ 

*o7it\ 
•o6iti 

-r-i24 

32  496 

-f  292 

32788 

19 

Ibepah 

249 

12 

02  '091 

•o62t 

+  •227 

02  -318 

-729 

01*589 

20 

Salt  Lake  NW.  Base 

262 

43 

36  280 

•o74t 

+  065 

36  345 

+  •269 

36  614 

21 

Pilot  Peak 

284 

31 

30*171 

•o86t 

+  •038 

30  209 

—  -274 

29  935 

Azimuth  Station 

303 

10 

15*488 

-•037 

15  -451 

22 

Promontory 

303 

42 

05*866 

■o78t 

-•058 

05*808 

-1-  '434 

06*242 

Probable  error  of 

a  sin 

gle  observation  of  a  dire< 

:tion  (/?.  a 

:i896. 

nd^.)  = 

d=  0^^*66. 

•1888  and  1891. 

tx888. 
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ABSTRACT    OF    RBSULTING    HORIZONTAI«    DIRECTIONS,   OBSERVED  AND  ADJUSTED  AT  THE    STATIONS 
FORMING  THE  SAI.T  LAKE  BASE  NET,  1887-88-89,  1891-92,  189^7— continued. 

Peserei^  Tooele  County,  Utah.     September  i  to  September  13, 1887.    50-centimetre  theodolite.  No.  5. 
W.  Eimbeck,  observer.     September  4  to  September  18, 1892.    50-centimetre  theodolite.  No.  5.    W. 

RitTiV»«»rt   nK<M»rv«»r 


Eimbeck,  observer. 


No.  of 
direction 

Objects  observed. 

Resulting  direc- 
tions from  station 
adjustment. 

Approxi- 
mate 

probable 
error. 

Reduction 

to 
sea  level. 

Resulting 
seconds. 

Corrections 

from 

ba.se-net 

adjustment. 

Pinal  sec 
onds in 
triangulfl 
tion. 

0 

f 

// 

// 

// 

// 

// 

ff 

Azimuth  Mark,  1892 

0 

00 

OO'OOO 

■4- 

23 

Promontory 

7 

07 

51  •lu 

•072 

-}-046 

51  '160 

--688 

50  -472 

24 

Antelope 

28 

19 

46  '672 

•084 

-f  -114 

46786 

-h  -210 

46  996 

25 

Ogden  Peak 

33 

44 

00  "630 

•071 

f  178 

00-808 

•143 

00  665 

26 

Waddoup 

47 

53 

36  -612 

•    -093 

f-  081 

36  693 

•343 

36  ^349 

Oquirrh                 ' 

61 

44 

39  '673 

•079 

+  •195 

39-868 

Draper 

81 

28 

05  028 

■102 

+  •045 

05  -073 

27 

Mount  Nebo 

130 

50 

51  -549 

•105 

-•231 

51  -318 

+  •189 

51*507 

28 

Ibepah 

234 

34 

20-513 

•085 

-f  "211 

20724 

+  •599 

21  -323 

29 

Pilot  Peak 

294 

03 

12  -415 

•102 

—  '170 

12-245 

+  •177 

12*422 

Onaqui,  1887 

359 

59 

59  ^342 

4-029 

59  -371 

Probable  error 

of  a  single  observation  of  a  direction  ( D.  and  R,)  ~— 

db  o^^-68. 

Ibepah  y  Juab  County,  Utah.     August  23  to  September  27,    1889.     50-centimetre   theodolite.  No.  5, 

W.  Eimbeck,  observer. 


if 


// 


// 


// 


// 


// 


Azimuth  Mark 

0 

00 

oo'ooo 

-^-•045 

30 

Ogden  Peak 

25 

43 

47  '159 

•092 

+  •187 

47  ^346 

+  013 

47  359 

31 

Deseret 

34 

55 

41  025 

•089 

-|-  -200 

41  -225 

—  -192 

41  033 

32 

Mount  Nebo 

67 

43 

04  -124 

•071 

4-  -001 

04-125 

+  097 

04-222 

Tushar 

117 

31 

04*280 

•077 

-•237 

04-043 

Wheeler  Peak 

177 

52 

34  '545 

•088 

-f- 166 

34*7" 

Diamond  Peak 

238 

59 

34*992 

•082 

-f  064 

35  -056 

33 

Pilot  Peak 

332 

05 

10-271 

•086 

—  -042 

10  -229 

4- -082 

10-311 

Probable 

error  of  a  sin 

gle  observation  of  a  direction  {D,  and  R.)  = 

dz  0^^-62. 

Mount  Nebo,  Juab  County,  Utah.     June  16  to  July  29,  1887.     50-centimetre  thoedolite,  No.  5. 

Eimbeck,  observer. 


W. 


// 


// 


// 


ff 


// 


// 


Azimuth  Mark 

0 

00 

OO'OOO 

rfc  -046 

Patmos  Head 

99 

26 

42  -277 

•096 

-096 

42  'I8I 

Wasatch 

155 

i3 

16-508 

•091 

-•137 

16-371 

Tushar 

194 

36 

40  046 

*090 

+  •155 

40*201 

Scipio 

213 

51 

58  848 

•   ■   •   • 

4- -188 

59  036 

Wheeler  Peak 

242 

40 

45*694 

•075 

-f -178 

45  872 

34 

Ibepah 

265 

48 

49  527 

080 

—  -on 

49  516 

-•147 

49  369 

35 

Pilot  Peak 

299 

41 

13  -102 

•070 

•199 

12*903 

•051 

12  -852 

36 

Deseret 

309 

18 

29*821 

■112 

—  •219 

29  '602 

•133 

29-469 

Onaqui 

315 

22 

52  056 

•070 

-*i76 

51  *88o 

Oquirrh 

332 

45 

19*604 

•066 

-•125 

19^479 

37 

Ogden  Peak 

350 

55 

13  '527 

•063 

—  *024 

13  "403 

+  •330 

13-833 

Draper 

353 

14 

45*190 

•097 

-008 

45  -182 

Probable 

error  of  a  sin 

gle< 

:)bservation  of  a  direction  {D. 

and  R.)= 

±0^^*61. 
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ABSTRACT   OP    RBSUI.TING    HORIZONTAI.    DIRECTIONS,   OBSERVED  AND  ADJUSTED  AT  THE   STATIONS 
FORMING  THE  SALT  I*AKE  BASE  NET,  1 887-88-89,  1 89 1 -92,  1 896-97 — Completed. 

Antelope^  Davis  County,  Utah.  October  4  to  October  23,  1892.  ^o-centimeter  theodolite.  No.  5.  W. 
Eimbeck  and  P.  A.  Welker,  observers.  June  25  to  July  4,  1896.  30-centimetre  theodolite  No. 
146.     P.  A.  Welker,  observer.     (W.  Eimbeck,  chief  of  party.) 


No.  of 
direction 

Objects  observed. 

Resulting  direc- 
tions from  station 
adjustment. 

Approxi- 
mate 

probable 
error. 

Reduction 

to 
sea  level. 

Resulting 
seconds. 

Corrections 

from 

base-net 

adjustment. 

Finn  I  sec- 
onds in 
triangula 
tion. 

0 

/ 

// 

// 

// 

// 

// 

ff 

44 

Ogden  Peak 

0 

00 

00*000 

-h-o83 

-f-*l82 

00*182 

•277 

59  905 

45 

Salt  Lake  SE.  Ba.<)e 

16 

20 

^3  -815 

094 

+  065 

03  880 

•206 

03  '674 

46 

Waddoup 

55 

42 

47  -371 

•079 

-•034 

47  '337 

-    048 

47  289 

47 

Deseret 

165 

21 

37  -057 

•123 

+  •189 

37  246 

-f -234 

27-480 

48 

Pilot  Peak 

226 

23 

06*225 

•138 

—  *02I 

06*204 

-•343 

05  861 

49 

Promontory 

288 

47 

49  415 

•107 

-095 

49  320 

+  •383 

49  703 

Azimuth  Mark 

302 

00 

46  ^574 

•I5» 

50 

Salt  Lake  NW.  Base 

341 

24 

26  394 

•086 

+  •067 

26  *46i 

-r  -258 

26719 

Probable  error 

of  a  single  observation  of  a  direction  ( D. 

and  R, )  = 

:  ±1  l''*C2. 

Pilot  Peak,  Elko  County,  Nevada.  July  5  to  July  22,  1889.  50-centimetre  theodolite,  No.  5.  W. 
Eimbeck,  observer.  August  7  to  August  18,  1892.  50-centimetre  theodolite,  No.  5.  P.  A. 
Welker,  observer.  (W.  Eimbeck,  chief  of  party.)  August  6  to  August  17,  1897.  50-centimetre 
theodolite.  No.  5.     P.  A.  Welker,  observer. 


0 

/ 

ff 

// 

// 

ff 

ff 

ff 

Azimuth  Mark,  1889 

0 

00 

OO'OOO 

-t-o*o49 

Reference    Mark,  1892 

0 

00 

02  534 

•055* 

and  1897 

• 

Cache 

2 

'9 

22  749 

089* 

Oxford 

36 

43 

40  495 

•15'* 

38 

Promontory 

64 

26 

05  747 

•065* 

-+-•055 

05  -802 

+  •198 

o6*ooo 

39 

Ogden  Peak 

70 

34 

24  ^955 

|o66. 

-h043 

24  998 

--145 

24  -853 

40 

Antelope 

79 

13 

44*735 

•074 

—  •008 

44-727 

-f -038 

44-765 

41 

Deseret 

103 

56 

04*921 

•054 

-*i69 

04-752 

—  *o82 

04*670 

42 

Mount  Nebo 

III 

06 

37  692 

-069 

—  '210 

37  -482 

-f  -021 

37  503 

43 

Ibei)ah 

161 

37 

22  -197 

•069 

•047 

22  -150 

—  030 

22-120 

Wheeler  Peak 

172 

37 

22*903 

•075 

+  •045 

22  '948 

Probable  error  of  a  single  observation  of  a  direction  (Z?.  and  A*. )  =  i:  0^^*00. 
Profnontorys  Boxelder  County,  Utah.     July  3  to  July  18,  1892.  50-centimetre  theodolite,  No.  5.     W. 


Eimbeck,  observer.     August  7  to  August  13,  1896 
Welker,  observer.     (W.  Eimbeck,  chief  of  party.) 


30-centimetre  theodolite.  No.   146.     P.   A. 


// 


// 


ff 


ff 


ff 


ff 


Azimuth  Mark 

0    00 

00*000 

±  *II2 

51 

Ogden  Peak 

142    33 

18  -287 

'orj-j 

—  •081 

18 -206 

-•380 

17  826 

52 

Salt  T^ke  NW. 

Base 

167    54 

30  ^502 

-075 

—  078 

30  -424 

+  •183 

30*607 

53 

Waddoup 

173    06 

09*217 

•063 

—  -081 

09*136 

--•256 

oS'88o 

54 

Antelope 

194    26 

38  -562 

*o62 

-•094 

38468 

-•495 

37  -973 

55 

Deseret 

229    48 

34  ^243 

•117 

+  •075 

34-318 

-f -615 

34  -933 

56 

Pilot  Peak 

297     -4 

29  '422 

•116 

4-082 

29  504 

+  -333 

29  -837 

Probable 

'  error 

of  a  single  < 

observation  of  a  direction  (/?.  and  R.)  — 

=  ±0^^*57. 

*  The  directions  marked  by  a  *  depend  on  the  probable  error  ±  "054  of  Ogden  Peak,  during  the  second  and  third 
occupations 


2o6  UNITED   STATES   COAST   AND   GEODETIC   SURVEY. 

Respecting  weights  to  the  several  directions  entering  into  the  adjustment,  it  has 
been  decided  to  give  them  all  the  same — that  is,  unit  weight.  This  proceeding  is  justi- 
fied by  the  following  consideratiqns. 

From  the  approximate  probable  errors  of  directions  in  the  preceding  abstracts  we 
find  the  average  value  from  82  directions  =  dz  o"*o88;  on  the  other  hand,  we  derive  from 
the  base  figure  adjustment,  as  given  in  the  following  pages,  the  probable  error  of  a  direc- 
tion by  using  yz  of  the  valiie  resulting  from  the  56  direction  corrections,  viz:  ifco"'3i,  or 
3*4  times  the  first  value.     We  may  also  use  the  99  angular  corrections  of  the  33  triangles, 

whence  we  get  for  the  probable  error  of  a  direction  -^  /  — § —  =  zb  o"'24.    Acrain.  if  we 

3\2X99 

operate  with  the  closing  errors  of  the  triangles,  we  find  for  the  probable  error  of  a 
direction — 


2  /IS =±0" -30 

3  V  33x6  ^ 


We  thus  find  the  probable  error  of  a  direction  et  as  derived  from  the  corrections  demanded 
by  the  adjustment  of  the  base  net  =  it  o"'28  and  the  same  €»  as  derived  from  the  station 
adjustment  =  db  o"'09;  the  fact  that  et  is  three  times  as  great  as  e^  is  attributed  mainly 
to  the  effect  of  local  deflections  in  measuring  angles,  the  vertical  axis  of  the  theodolite 
being  necessarily  adjusted  to  the  plumb-line.  Besides,  a  very  careful  adjustment  of  the 
instrument  is  required  when  the  station  observed  upon  is  considerably  above  or  below 
the  one  occupied.  Persistent  lateral  refraction  also  has  a  share  in  producing  the  above 
result.     Following  the  methods  outlined  at  the  beginning  of  this  paper  and  used  in  the 

adjustment  of  the  Yolo  Base  Net,  we  have  ec  =  ^{o'2Sy  —  (o'09)'  =  :t  0*27,  which  is  to 
be  combined  with  the  particular  value  of  ^,;  hence  the  relative  weight  of  an  observed 
direction  becomes — 


In  the  case  of  the  Salt  Lake  Base  Net,  we  have  in  the  main  figure  the  extreme  values 
of  ^'t  rto"'o6  anddio"'i5;  hence  the  extreme  weights  to  directions  would  be  in  the 
proportion  of  13  to  11  nearly.  The  introduction  of  weights  was  therefore  deemed 
unnecessary,  especially  when  we  consider  the  strength  of  the  development  of  the  length 
of  the  base  to  that  of  the  primary  line. 


No. 
I 

2 

3 

4 

5 
6 

7 
8 

9 

lo 

II 

12 

13 

14 

15 
i6 

17 
i8 

19 

20 
21 
22 

23 

24 

25 
26 


2S 

29 
30 
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FIGURE  ADJUSTMENT. 


y 


Observation  equations. 


0= 
o- 
0= 
0= 
0= 
0= 
0= 
0= 
0= 

O: 

0= 


0= 
0= 


0= 

O: 


4-0-582+ (45) -(50)4-  (I 
+o-6io+(45)-(44)+(i8 
-ro-6o2-h(44)-(5o)+  (i 
-o-58i-f(52)-(5i)+(22 

-f-o733-f(i3)-(iO  +  (53 
4-o-io9-|-(i3)-(i2)+  (8 
-0-306+ (26)- (23)4- (55 
4-i-T23+(26)-(24)4-(47 
-I -0764- (39) -(38)  4- (56 
-I -393+ (40) -(38)  4- (56 
4- 1 -4274- (41) -(38)  4- (56 
4-o-3i84-(4o)-(39)+(2i 
4-0-6614- (41) -(40)  4- (48 
-o-oo94-(36)-(35)+(42 
-o-388-h(37)-(36)4-(27 
-o-5oo4-(3o)-(33)-f(43 
-o-o6o4-(32)-(33)  +  (43 
-ho-890+(3i)-(3o)4-(i9 


-  (4)+  (6 
-(16)4-  (7 

-  (3)  +  (2o 

-(20)4-  (3 
-(5i)4-(22 

-  (7)  +  (i6 
-(53)  +  (ii 
-(46)+ (10 
-(5i)+(22 

-(54) +  (49 
-(55)-r(23 
-(18)  4- (44 
-(47) +  (24 
-(4i)-f(29 
-(25)  +  (i7 
-(39)  +  (2i 
-(42)4-(35 
-(i7)-f(25 
-(14) +  (37 


-  (5) 

-  (5) 
-(18) 

-  (2) 
15) 
15) 

9) 

9) 
21) 

48) 

29) 
48) 

29) 
27) 
14) 
19) 
34) 
28) 

34) 


6)4-8-29(i8)-3-62(2o)-h7-i8(44)-4-i6(45) 
o)4-5*i9(i2)-2-7o(i3)-3-39(  15)4-7*01(16) 


0= 


0= 


0= 


— o-2io+(32)-(3o)4-(i9! 

4-2-23-o-67(i)-o-64(3)-i-i'3i(4)-4-67( 

—3-02(50) 

4-2-25-0-67(1  )-o-64(3)4-r3i(4)-2-49( 
-3-62(2o)4-5*59(45)-2-57(46)-3*02(5o] 
-7*94-7'37(i8)f9-79(2o)-2-42(22)-6-26(44)-i-6i(49)4-7'87(5o)~4-44(5i)4-8*66(52) 

-4-22(54) 

-fo-o6-2-96(io)4-3'4o(.ii)-o-44(i3(-2-02(i5)4-3'39(i8)-i-37(22)-i-65(5i)4-5*39(53) 

-374(54) 
-2-3i-i-72(9)4-5*i2(io)-3-4o(ii)-5-43(23)4-ii-35(24)-5*92(26)-5-39(53)+8-36(54) 

-2-97(55) 

— 26-44- 12-95(17) -|-i5-67(  18)— 2-72(21)4-22-10(24)— 22-26(25)-i-o-i6(  29)- 13-83(39) 

4-i8-4i(4o)-4-58(4i) 

4-i-92-h5*43(23)-5'59(24)4-o-i6(29)-7-97(38)4-i2-55(4o)-4-58(4i)-3*45(54)4-2-97(55) 

4-0-48(56) 

+5*33-i*35(i8)+2-72(2i)-i-37(22)-7-97(38)4-i3'83(39)-5*86(4o)-i-65(5i)4-i-*i7(54) 
4-0-48(56) 

-f5'65-2-4o(i4)-1-4-37(i7)-i'97(2i)-i2-42(35)4-i479(36)-2-37(37)-3'2o(39)  +  i9'92(4i) 
-16-72(42) 

4-6-26  -2-4o(i4)4-i2-62(i7)  — 10-22(19)  — 13-00(30)4-16-27(31)— 3-27(32)— 2-22(34)4-4*59(36) 

-2-37(37) 

4-4-i7-2-4o(i4)-f4-37(i7)-i'97(2i)4-4-35(30-3*27(32)-i-o8(33)-2-22(34)4-4-59(36) 

-2*37(37)-3'2o(39)+4-53(4i)-i*33(43) 


2o8 


Correc- 
tions. 

C. 

(0= 

+  1 

(2) 

(3) 

(4) 

—  I 

(5) 

—  I 

(6) 

+  1 

(7) 

(8) 

(9) 

(lO) 

>  «  • 

(n) 

(12) 

('3) 

(>4) 

(•5) 

•  •  • 

(i6) 

(•7) 

(i8) 

(•9) 

(20) 

•  •  • 

(21) 

(22) 

(23) 

(24) 

(25) 

•  •  • 

(26) 

(27) 

(28) 

(29) 

(30) 

•  •  • 

(31) 

- 

(32) 

• 

(33) 

(34) 

(35) 

•  •  • 

(36) 

(37) 

(33) 

(39) 

(40) 

t  •  • 

(41) 

UNITKD  STATES  COAST  AND  GEODETIC  SURVEY. 

FIGURE  ADJUSTMENT— continued. 
Correlate  equations. 


La  V-3  C4  C. 


—I 


+1 


—I 


41 


1 1 


—I 


—  I 


—I 


■fl 


C7  Cg  C9  do  Cir  C 


!•  >-I3 


■>•         ••*         •■•         •••         •••         ••• 


•  *  •        •  •  • 


—  I 

4-1 


•••   •■■   •••   •• 


—I 


4-1 


—I 

4-1 


•••     •••     •••     ••• 


—I 

4-1 


•  *  •     *^"X     "^"A     •••     •••     •••     •••     ■••     •••     ••« 

4-1 


4-1   —I   


41   4-1 


—I 

4-1 


—I 


4-1 


—I 


•t*   •••   •••   •••   • 


41   4-1 


•••   •••   •••   •••   •••   •••   ••• 


—I 


••   •<•   •••   •••   • 


+1 


•  •  •   •  •  • 


4-1 


•••     •■«     •••     •• 


•  ••     •••     •»•     • 


•••      •••      •••     •••     ••• 


—I 

—I 

—I 

+1 

—I 

•   •    • 

4-1 

•  •  • 

4-1 

4-1 

—I 

4-1 

C.4 


-I     +1 


•  ••         •••         •••         •••         •••         •••         •••         •••         ?••         •••  i 

41 


—  1 


Correc- 
tions. 


(«) 
(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 
(lo) 

(II) 

(12) 

(13) 
(14) 

(15) 
(16) 

(17) 
(i8) 

(19) 
(lo) 

(«) 

(23) 
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FIGURE  ADJUSTMENT— continued. 
Correlate  equations — Continuetl. 

Cj              C4            Cj            Cfi            C7            Cs            C9  Cio          C,i          Cfa          Ct3          C14 


Correc- 
tions. 

C,          C, 

t42)  = 

•  43) 

144) 

—I 

(45) 

-I         —I 

(46) 

(47) 

(48) 

(49) 

(50) 

—I 

(51) 

(5») 

(53) 

(54) 

(55) 

»     •     •                                     •     ■     • 

(56) 

c.. 


—I 


-fl 


V     *  ■      •      • 


—I 

+1 


—  I 

4-1 


—I 


«  •  » 


't6 


—  I 


4-1 
18732 — No.  4— 


—I      —I 

4-1 

4-1 


—I 


•  • 


—I 


4-1 


—  I 


4-1 


Correlate  equations — Continued. 

V-I7  V-l8  V-19  V-90  V 


'^^ 


at 


—  0*67 

—0*64 
4-1*31 


-  -o  -67 

—0*64 

-fi'3i 


-2-49 


4-5 '19 
—270 


—I 


—I 


4-1 


H-i 


-3 '39 

-4-67 

4-7 'oi 

4-8  -29 

—3  62 

-3-62 

4-1 


—I 

—I      4-1 


«  • 


-7*37 


+9  79 


—2-42 


•  *  •  «  tt 


•  '        ^  •••  •••  ••« 

I      4-1 


'•3 


—2*96 

4-3  "40 

-0-44 

—  2  "02 


4-3*39 


-I '37 


14 


2IO 


UNITED  STATES  COAST  AND  GEODETIC  SURVEY. 


Correc- 
tions. 

C.5 

C16    * 

1 

c, 

C.8 

(23) 

(24) 

(25) 

—  I 

•    •    • 

■     ■     • 

-fr 

(26) 

(27) 

-hi 

(28) 

—  I 

(29) 

(30) 

•       •       • 

-fl 

•     •     ■ 

—I 

(30 

-fi 

(32)    ' 

+  1    ■ 

(33) 

—  I 

—  I 

(34) 

—  I 

(35) 

•       •       • 

■    •    ■ 

-f-I 

•  •  • 

(36) 

—  I 

(37) 
(38) 

+  1 

« 

(39) 

—  I 

(40) 

•    a    • 

•    ■    • 

•    •     • 

•  •  • 

(41) 

(42) 

—  I 

(43) 

+  1 

+  1 

(44) 

(45) 

•    •    • 

•    •    • 

•     •    • 

•  •  • 

(46) 

(47) 

(48) 

(49) 

(50) 

•    •    ■ 

•    •    • 

•    •    • 

■  •  ■ 

(51) 

(52) 

(53) 

(54) 

(55) 

•     ■    ■ 

■    •    « 

•     ■     • 

•  •  ■ 

(56) 

FIGURE  ADjusTMBNT— continued. 
Correlate  equations — Continued. 

v_io  v-ao  v*Bi 


-19 


-M 


+1 


+7 -18 

-4 '16  +5*59 

-2*57 


—3  02 


—3  02 


6  26 


—  I  '61 

+7-87 
-4*44 
-h8'66 

—4 '22 


Caa 


—I '65 

+5  39 

~3  74 
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Correc- 
tion». 


(I 

(2: 

(3: 

(4; 

(5; 

(6; 

(7: 

(s; 

(9; 
(10] 

(11 

(12] 

(13; 
(14; 
(15; 
(16] 

('?; 
(18] 

(19] 
(20] 

(21 

(22] 

(23: 
(24; 

(25; 
(26] 

(27: 
(28; 

(29] 
(30] 

(31 

(32; 

(33: 

(34; 

(35: 

(36; 

(37: 

(38; 

(39] 
(40) 

(41; 


FIGURE  ADJUSTMENT— continued. 
Correlate  ^^«a/iVwf5— Continued. 


-94 


'06 


-»7 


c« 


c^ 


—  I  72 

-f    5    12 
-   3*40 


—    2  '40 


—    2*40 


2  '40 


-12-95 

+  15*67 


+    4-37 


-  1*35 


-f  12*62 


—  10 '22 


+  4*37 


—  272 


+  272 
-  I '37 


-  I '97 


—  1*97 


-  5 '43 

-  5  92 


—22*26 


I    5*43 
■  5  59 


-j-  o*i6 


f  o-i6 


—13*00 

+  16*27 

+  4*35 

3*27 

-  3*27 

• 

—  2  22 

—  I  -aS 

—    2*22 

' 

—  12*42 

+  14*79 

+  4*59 

+  4*59 

2-37 

2*37 

-  2*37 

~  7*97 

-  7*97 

-13*83 

+  13  83 

—  3*20 

—  3  20 

+18-41 

+  12  55 

-  5*86 

-  4-58 

-  4-58 

+  19*92 

+  4*53 

212 


(44) 
(45) 
(46) 

(47) 
(48) 

(49) 
(5o) 

(51) 
(52) 
(53) 
(54) 
(55) 
(56) 


UNITED   .STATES   COAST   AND   GEODETIC   SURVEY. 

FiGURB  ADJUSTMENT — continued. 
Correlate  equations — Completed. 


Correc- 
tions. 

c« 

• 

c^ 

c^ 

c* 

c« 

Cao 

(42) 

(43) 

1672 

-  1-33 

-  5-39 

-h  836 

-  2*97 


-   1-65 


—  3*45 
-r  2*97 
-h.  o  -48 


-f  1*17 
—  0-48 


C, 


C. 


C. 


C. 


Normal  equations. 


•10 


c„ 


'12 


c, 


0     1 0  -582 

+6 

-r2 

-r2 

4  0610 

-^6 

—2 

—2 

—  2 

-{-0"602 

-+6 

—2 

4-2 

-0-581 

•f6 

-f2 

+2 

-ro  733 

■   •  • 

•  •   • 

•  •   ■ 

•  ■   • 

-f6 

4-2 

—2 

«  •  ■ 

•^2 

•  •  • 

•  «  • 

•    •    * 

•  •  • 

•  «  • 

-f-o-io9 

+6 

—0-306 

- 

-1-6 

4-2 

—2 

+  1-123 

4-6 

1 

—2 

—  I  -076 

4-6 

4-2 

4-2 

—  2 

1*393 

•  ■  ■ 

•    •  • 

«  •  • 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

«  •  • 

•  •  « 

4-6 

4-2 

+  2 

—2 

■    •    • 

-f  I  -427 

4-6 

4-2 

—2 

+0-318 

4-6 

—  2 

-fo-66i 

4-6 

—  2 

—0*009 

4-6 

4-0  -582 

4-0  -610 

4-0-602 

-0  -581 

Cx, 


Normal  equations— ConWn\x^. 


•16 


'\^ 


■  18 


'«9 


-ao 


-31 


-23 


-93 


-3-12 

-f  6  -63 

-7-87 

4-1  -62 

-I  -42 

—  I  -II 

+3*39 

-174 

—0-63 

+3 '03 

-3*39 

4-2-98 

4-2-98 

4-0-89 

40-28 

TRANSCONTINENTAL   TRIANGULATION — PART   I — BASE   LINES.        213 


0= 


-fo  733 
-f  0*109 

-  o  -306 

+1  123 

—  I  '076 

-I  393 
+1  427 
+0-318 

-fo-66i 
— 0*009 

0388 
—0*500 

— o*o6a 

-1-0*890 

—0*210 

+2  23 

+  2-25 

-7*94 
-fo*o6 


+  o  -582 

-(-  0*610 

+  0*602 

—  0*581 
+  o  *733 
+  I  09 

—  0306 

+  1*123 

—  I  *o76 

—  1*393 
+  1*427 
+  o  -318 
-h  0*661 

—  0*009 

—  0*388 

—  0*500 

—  0*060 
-h  0*890 


FIGURE  ADJUSTMENT— continued. 
Normal  equations — Continued. 


'«S 


'16' 


-«7 


-18 


-19 


c 


ao 


Ca. 


c« 


-4*67 


—2 


+2 


—  I  '11 


—  2 

+6 


—2 


+6 


•    •    • 

—2 

+2 

+2 

-  2 

—2 

+6 

+2 

+6 

+2 
+6 

+184*19 


Normal  equations — Continued. 


Ca4 


'9t6 


+  15*67 
-15*67 


-  1*99 

+  025 
- 10  '43 

-  8*36 

-  2*46 

+  11*35 


—22  'lO 

—  II  *ii 

+  18*41 

-  4*74 

+  13*85 

—  1*05 

+  4*74 

+  9*31 
-|-ii  '11 

-  9*31 


—  2  -46 

+  5*59 
+  8*45 
+24*45 
+  6*17 
+  12*55 
-22*88 

+  4*74 


-1*35 

+  1*35 
-1-0 '28 

4-0*28 


+  19-84 

+    1*42 

+  8*45 
—  15*62 

+  5*86 


—II  '11 


+0*69 

+2*51 

-ho -08 


C^ 


-  1*23 

+19*92 
+  1*23 
+  19*92 

-  9*43 
-10  39 

+  1*23 
+  4*30 

-  4*37 


-f  I  "ii 


-«9 


+4*59 
-^8 -06 

—278 

-I  *o5 

+6*43 


C.3 


r  2  -02 

r3  -85 

+1*58 

-1*99 

—2*96 

-r2  -02 

-1-0*28 

-f-2-6i 

+3*74 

-3*39 


31*19 

-165*25 

-1-28  -lo 

+163  71 

59*21 

+15*41 

+372  -25 

+  1*44 
+83  73 

—  I  *23 

+4*53 

+  1*23 

+4*53 
+0*06 

—0*19 

+098 

—  I  *3o 

•02 
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FZGURB  ADjusTMKNlV— completed. 
Normal  equations— CompXtteA. 


•87 


C.9 


—   0'2I0 

+  0-03 

+1  76            —I  -02 

-f    2-23 

+129-90          

—  II  -19 

-f    2-25 

1*75 

7*94 

-  35  28 

-115-49        +  14-56 

+  15-65 

-f  oo6 

87  03 

-f  53-12        -f-  12-90 

4*35 

o=  "  2-31 

+341  -85 

-1-250  83        -130 '59 

+  9-78 

-26-44 

+1  955  77        +128-51 

-327  70 

—98-21 

-163-43        -  27  72 

f  1-92 

+323  71 

-  13-83 

91-23 

-  20-75 

+  5*33 

+304  -55 

49-61 

-  49-61 

-f-  5  65 

f-i  093-96 

+  134*41         +202-72 

-f-  6  26 

-f  745 -49        +173-99 

-r  4*17 

+123-66 

Resulting  values  0/  correlates. 

C, =+0-065  4                   C„=— I 

•407  4 

C„= +0-004  65 

c,=- 

-0-215  9     •             C«=— 0 

-294  9 

C«=+o 

•035  55 

C3=- 

-o-ii6  3                   Ci3=— 0 

•197  5 

0,3= -0 

-102  00 

C4=- 

-0-124  5                   C,4— -I 

-422  0 

Ca4=-0 

•065  29 

Cs=- 

-0*824  9                   c,s=— I 

232  6 

0,5=4  0 

•034  88 

c«=- 

0-225  0                       C,6=+I 

*4oi  I 

C,6=-0 

-074  01 

C7=- 

-0-766  6                   C,7=— I 

-460  I 

C,7=-lO 

•003  II 

C,=  -f 

0*036    I                               C,8=— 0 

•599  2 

C,8=-rO 

-001  005 

C,=n 

-1-334  3                   C,5=+i 

•5867 

C^-io 

-030  82 

C.„=-i- 

0-440    0                                          C90=+0 

•019  56 

C3o=-0 

*02I    76 

Corrections  to  angular  directions. 

/ 

/ 

// 

ff 

(i)=-o 

•067     I 

(i5)=F+o*79o  2 

(29)— f-o 

-176  6 

(43)=-o*030  I 

(2)=+0 

•124  5 

(i6)=-ho-382  2 

(3o)=-ho 

-012  9 

(44)=-o-277  4 

(3)— 0 

•023  7 

(17)—-  0-786  8 

(3i)  =  -o 

192  4 

(45)=    0*205  9 

(4)=-o 

•033  7 

(i8)=-f-o*292  0 

(32)-- |o 

097  0 

(46)=— 0*048  I 

(5)=+o 

•150  5 

(19)=— 0-728  6 

(33)-+o 

•082  5 

(47)=-f  0*233  6 

(6)=+o 

•065  4 

(20)=  jo -268  6 

(34)=~o 

•146  7 

(48)-    0*342  6 

(7)=-o 

•440  9 

(21)=— 0-273  0 

(35)     -0 

•050  6 

(49)=+o-382  8 

(8)=+o 

•225  0 

(22)=+o-434  3 

(36)=-o 

•133  0 

(5o)=+o*257  6 

(9)=+o 

■R42  8 

(23)— 0-688  0 

(37)=+o 

•330  3 

(50= -0-379  6 

(10)-    0 

•007  8 

(24)=-r  0*209  8 

(38)  =  +o 

198  2 

(52)-- 10*183  4 

(ii)=-o 

•066  5 

(25)=    0-1430 

(39)=    0 

■144  9 

(53)=    0*256  2 

(12)-- 0 

•200  9 

(26)=-o*344  0 

(40)—- 1  0 

-037  7 

(54)=-o*495  4 

{i3)=-o 

•5676 

(27)=  i  0*189  4 

(41)=    0 

082  2 

(55)=+o-6i4  9. 

(14)=    0 

•3783 

(28)—  1  0*599  2 

(42)     ^  0 

02  r  3 

(56)=+o-332  9 

Check  sum  of -t  corrections  ==0*409  6    and    2  pifv=6'(3^ 
Check  sum  of  —  corrections  =  0-408  4  — -S?^C=6*689 

Mean  error  of  an  observed  direction  m,=Y '■^''*^-'=  ho'^*473  where  «=number  of  conditional  equa- 
tions; and  mean  error  of  an  angle  w^=mx\/J=d=o''^*668;   also  probable  error  of  the  same  =dto''*45. 
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TRIANGIcBS  OP  THB  SALT  LAKE  BASB  NET,  UTAH,  1887  TO   1 897. 


No.  Stations. 

Ogden  Peak 

S.  L.  Southeast  Base 

S.  L.  Northwest  Base 


a  < 


4 


Observed  angles. 

30  10  56*378 

76  45  51855 
73  03  12  -986 


Antelope 

S.  L.  Northwest  Base 

S.  L.  Southeast  Base 

Antelope 

Ogden  Peak 

S.  L.  Southeast  Base 


01  '219 

34  55  37*419 
72  25  10  '628 

72  39  13  -041 


01-088 
16  20  03  '698 

14  14  52-529 
149  25  04  -896 


01  '123 

Antelope  18    35    33721 

S.  L.  Northwest  Base    145    28    23*614 
Ogden  Peak  15    56    03  -849 


01  '184 
Promontory  25     21     12  '218 

Ogden  Peak  40    58    29  -463 

S.  L.  Northwest  Base    113    40    19*411 


01  '092 
Promontory  26    32    08*044 

S.  L.  Northwest  Base    100    51     16  -975 
Antelope  52    36    37*141 


Promontory 

7  {   Ogden  Peak 
Antelope 

Waddoup 

8  {  Antelope 
S.  L.  Southeast  Base 

Waddoup 

9  {  Antelope 
Promontory 


02  '160 
51  53  20-262 

56  54  33 '312 
71  12  10  -862 


04  -436 

40  14  34*375 

39  22  43*457 

100  22  43  -130 


00-962 

31  44  35*746 

126  54  58  -017 

21  20  29  '332 

03*095 


^Sr- '-""  ^-" 

angles,     excess. 
//  ff  // 

—0-114    56*264    0*196 

—0-506  51*349  0197 
— o'oio  12-976  0*196 


0*589 
—0-464  36-955  0-169 

—0-033     10-595    0-169 

-0*085     12*956    0-168 


0-506 
-f  o  -071    03  -769    o  •171 

—0090   52439    0*171 
—0-591    04*305    0-I7I 


0-513 

0-535  33*»86  0*194 
■0-044  23570  0194 
-0*023  03-826  0*194 


0-582 
-f  o  -563  12  -781  o  -558 
-fo*i66  29-629  0-558 
— o  -148  19  263  o  557 

1*673 
—0*680    07*364    0-515 

+0*191     17*166    0-515 

—0*126    37*015    0-515 


—0*117    20*145 
+0*142    33*454 

— O  '661       10  '201 


1*545 
I  *267 

I  '267 

I  *266 


3-800 
— o  *i93  34  '182  o  *284 
+0*158  43*615  0*284 
— o  -075    43  *o55     o  *284 


Log  J. 

4*049  166  72 
4*336  120  31 
4  328  533  08 

4*049  166  72 
4  -270  594  77 
4*271  152  75 


Distances  in 
metres. 


II  198*677 
21  683  -c  5 

21  307*53 

II  198*677 
18  646  *39 
18  670*36 


4  '328  533  08  21  307  *53 
4  270  594  76  18  646  39 
4  585  977  92   38  545  '88 


4  336  120  31 

4  585  977  93 
4  271  152  74 

4*336  120  31 
4  -521  196  00 
4  -666  302  45 

4-271  152  75 

4  613  249  36 
4*521  196  02 

4*585  977  92 
4  *6i3  249  34 

4  *666  302  46 
4  *27o  594  77 

4  *262  736  60 

4*453  179  57 


0-852 

-0  -059  35  -687  o  -788  I  4  -613  249  35 

-0  -432  57  *585  o  -788  4  '795  001  38 

-0*240  29*092  0*788  4*45317957 

2  *364 


21  683*05 

38  545  •S8 
18  670-:6 

21  683*05 

33  204*43 
46  376  *98 

18  670*36 
41  043  -97 
33  204-43 

38  545  -88 
41  043  -97 

46  376 -98 

18  646  -39 
18  312-03 
28  390  93 

• 

41  043  '97 
62  373*68 

28  390*93 
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TRIANGI,ES  OF  THK  SALT  I«AKK  BASE  KET,  UTAH,    1887  TO  1 897— continued. 


No. 

Stations. 

Observed  angles. 

Correc- 
tion.    ^ 

ical 
ingles. 

ical 
excess. 

U>gs. 

Distances  in 
metres. 

0 

/ 

// 

// 

f/ 

// 

Waddoup 

78 

09 

37  309 

—0*560 

36  -749 

0*764 

4  -585  977  92 

38  545  -88 

10  ' 

Antelope 

55 

42 

47  -155 

-fo  '229 

47  -384 

0*765 

4  *5i2  416  19 

32  539  '90 

Ogden  Peak 

46 

07 

38  659 

-0*498 

38  -161 

0*765 
2  294 

4  -453  179  56 

28  390  -93 

03  -123 

Waddoup 

46 

25 

01  -563 

—0  -501 

01  '062 

1*244 

4  *666  302  46 

46  376  *98 

II 

Promontory 

30 

32 

50  -930 

+0  *I24 

51  054 

1*244 

4*512  416  20 

32  539  90 

Ogden  Peak 

103 

02 

II  971 

-0  -356 

11*615 

1-243 
3  -731 

4  '795  001  39 

62  373  68 

04*464 

Waddoup 

37 

55 

02  -934 

0*367 

02  *567 

0*310 

4  -328  533  08 

21  307  -53 

12 

S.  L.  Southeast  Base 

no 

12 

II  '974 

+0*666 

12  -640 

0*309 

4  -512  416  19 

32  539*90 

Ogden  Peak 

31 

52 

46- 130 

—0*408 

45-722 

0*310 
0*929 

4*262  736  60 

18  312  *03 

01  -038 

Deseret 

21 

II 

55  '626 

+0*899 

56  525 

1-903 

4  -613  249  35 

41  043  *97 

13 

Promontory 

35 

21 

55  -850 

-f-i  -in 

56  961 

1*903 

4  -817  539  61 

65  696  10 

Antelope 

123 

26 

12  074 

+0  -150 

12  *224 

1*904 

4  -976  446  90 

94  721  -14 

03  550 

5-710 

Deseret 

26 

36 

09  648 

+0-544 

10*192 

3 -711 

4  *666  302  46 

46  376  -98 

14 

Promontory 

87- 

15 

16 '112 

-fo*992 

17*104 

3-712 

5  -014  731  73 

103  450  -29 

Ogden  Peak 

66 

08 

42  -618 

-fl  '220 

43  -838 

3 '711 

4  -976  446  89 

94  721  -13 

08  378 

11-134 

Deseret 

40 

45 

45*533 

-ro*344 

45  -877 

4*177 

4  -795  001  39 

62  373  -68 

15 

Promontory 

56 

42 

25  -182 

+0  -871 

26  -053 

4-177 

4  902  282  59 

79*851*41 

Waddoup 

82 

32 

01  -511 
12  -226 

-0*909 

00 '602 

4*178 

4  *976  446  91 

94  721 *I4 

■ 
12*532 

Deseret 

5 

24 

14  '022 

-0-354 

13-668 

0*541 

4  -585  977  92 

38  545  -88 

16 

Antelope 

165 

21 

37-064 

+0*509 

37  -573 

0*542 

5  *oi4  731  70 

103  450*29 

Ogden  Peak 

9 

14 

09  306 

+ 1  -077 

10  *383 

0*541 
1*624 

4  -817  539  58 

65  696*10 

00  392 

Deseret 

19 

33 

49-907 

-0  -554 

49-353 

1-486 

4-453  179  57 

28  390  '93 

i?  ' 

Antelope 

109 

38 

49  909 

-[0*282 

50  *i9i 

1*486 

4  -902  282  57 

79  851  -41 

Waddoup 

50 

47 

25  -765 

-0*851 

24  '914 

1*486 
4-458 

4  -817  539  61 

65  696*10 

05  -581 

Deseret 

14 

09 

35-885 

— 0"200 

35-685 

1*709 

4*512  416  19 

32  539  -90 

iB. 

Ogden  Peak 

36 

53 

29  353 

-1-575 

27  -778 

1*709 

4  -902  282  57 

79  851  -41 

Waddoup 

128 

57 

03  -074 

1-409 

01  -665 

1*710 
5*128 

5  -014  731  73 

103  450  *29 

08*312 
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No. 


19 


20  < 


21 


22  < 


26 


27 


TRIANGI«BS  OF  THE  SAI.T  UkKE  BASE  NET,  UTAH,   1 887  TO  1897 — continued. 
Stations.  Observed  anj^les.      '^^"^^        ical         ical  Log  s. 


Pilot  Peak 
Promontory 
Ogden  Peak 

Pilot  Peak 

Promontory 

Antelope 

Pik>t  Peak 

Promontory 

Deseret 

'  Pilot  Peak 
Ogden  Peak 
Antelope 


Pilot  Peak 
25  {  Ogden  Peak 
Deseret 

Pilot  Peak 

24  {  Antelope 
Deseret 

Mount  Nebo 

25  {  Pilot  Peak 
Deseret 


Mount  Nebo 
Pilot  Peak 
Ogden  Peak 

Mount  Nebo 
Deseret 
Ogden  Peak 


Correc     ^pher-    Spher- 
Observed  angles.        fi^n  '      ^^^^         ^^^^ 

angles,   excess. 


Distances  in 
metres. 


// 


6  08  I9'i96 
154  41  11-298 

19  10  35*599 


06-093 

14  47  38*925 
102  47  51  -036 

62  24  43 '1 16 


13  077 
39  29  58950 
67  25  55 '186 

73    04    38-915 


33  '051 

8    39    19729 

37    43    57713 

133    36    53*978 


II  -420 

33    21     39  754 
46    58    07  -019 

99    40    48*563 


35*336 
24  42  20  -Q25 
61  01  28  -958 
94  i6  34*541 


23  *524 
9  37  16-699 

7  10  32*730 
163  12  20  -927 


10  -356 
51  13  60  -600 
40  32  12-484 
88  14  58-996 


72  -080 

41  36  43*901 
97  06  50-510 

41  16  51*977 
26-388 


// 


// 


// 


— o  -344  18  852  2  390  4  -666  302  46  46  376  -98 
4-0-712  12-010  2-389  5*268  251  87  185  460*69 
-f  o  -708    36  -307     2  -390       5  -153  734  84     142  473  75 


7  169 

— o-i6i     38*764    4-823  4-613  249.35 

-{-0-828    51-864    4-824  ;  5*195  235  71 

4-p  -726    43  -842    4  -823  5  -153  734  81 


14  -470 
—0*280  58*670  10-541 
—0*282  54-904  10-541 
—0*865    38-050  10-542 

31  -624 
4-0-183  19*912  3-701 
—0-566  57*147  3*701 
-f  o  -065    54  -043     3  -700 


II  -102 
-f  0-062  39*816  11*863 
4-0*512  07*531  11*863 
-0*321    48*242  11*863 


35-589. 


—0*119  19-906  7-621 
— o  -576  28  -382  7  -621 
40-034  34-575  7*621 


22  -863 
—0082  16617  3*455 
-ho -104  32834  3*455 
—0-013  20-914  3455 


4  -976  446  90 

5  -138  358  70 
5  -153  734  82 

4  -585  977  92 

5  -195  235  69 
5*268  251  83 

5  -014  731  72 

5  -138  358  67 
5  -268  251  83 

4  -817  539  60 

5  -138  358  69 
5  195  235  70 

5  *i38  358  69 
5-011  887  45 
5*376  158  10 


10  -365 
-fo  -380    60  -980  24  -243       5  -268  251  84 

I 

+0*166     12-65024*243       5*18917384 
4-0*104    59*100  24-244     '  5-376  158  09 


72  -730 

4-0-463  44-364  8-925  j  5-014  731  72 

-f  o  -333  50  -843  8  -926  ,  5  -189  173  85 

—0-408  51*569  8-9^5  5-011  887  45 

26  -776 


41  043  *97 

■ 

56  760*16 

42  473  74 

94  721  -14 

37  517*74 
42  473  "74 

38  545  -88 
56  760*16 
85  460*67 

03  450*29 

37  517  *73 
85  460*67 

65  696*10 

37  517  '74 
56  760*16 

37  517  *74 

02  774*99 

237  770*57 


85  460*68 

54  587  *3i 
237  770*56 

03  450*29 

54  587  *3i 
07  274-99 
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TRIANGLES  OP  THE  SAI*T  LAKK  BASE  NET,   UTAH,    1887  TO   1897— completed. 


No. 

Stations. 

Observed  angles. 

Correc- 
tion. 

Spher- 
ical 
angles. 

Spher- 
ical 
excess. 

Log  J. 

Distances  in 
metres. 

0 

/ 

// 

// 

ff 

ff 

Ibepah 

53 

38 

37-117 

—0*070 

37  047 

20*887 

5 -268  251  84 

185  460*68 

28 

Pilot  Peak 

91 

02 

57  -152 

-+-0115 

57*267 

20*886 

5  -362  230  02 

230  266*11 

Ogden  Peak 

35 

19 

27  "891 
62  *i6o 

-h  0*455 

28*346 

20*887 
62*660 

5  *I24  323  42 

133  144*56 

Ibepah 

62 

50 

30  996 

—0  -273 

30  723 

13*091 

5  -138  358  69 

137  517  *74 

29 

Pilot  Peak 

57 

41 

17*398 

+0  053 

17  *45i 

13091 

5 -116  021  94 

130  623  -69 

Deseret 

59 

28 

51  *52i 

—0  "422 

51  099 

13*091 

5  *I24  323  41 

133  144*55 

39  '915 

39  '273 

Ibepah 

95 

37 

53*896 

-f  0  *oi5 

53  *9i  I 

20*671 

5  *376  158  10 

237  770-57 

30 

Pilot  Peak 

50 

30 

44*668 

—0*051 

44*617 

20  '670 

5  265  702  68 

184  375  *27 

Mount  Nebo 

33 

52 

23  '387 
61  951 

4-0*096 

23  *483 

20*670 

62  *OI  I 

5  *I24  323  43 

133  144*56 

Ibepah 

9 

II 

53  -879 

— 0*206 

53  '673 

4*067 

5  "014  731  72 

103  450-29 

31 

Ogden  Peak 

II 

38 

39*128 

-hO  -058 

39*186 

4*067 

5 -116  021  96 

130  623  69 

Deseret 

159 

09 

40*084 

-0*742 

39*342 

4*067 

12  *20I 

5  *362  230  02 

230  266*11 

13-091 

[  Ibex)ah 

41 

59 

16  779 

4-0  084 

16*863 

24  -027 

5 -189  173  85 

154  587  -31 

32 

Ogden  Peak 

52 

55 

31   105 

-0-351 

30  *754  24  *o27 

5  265  702  67 

184  375  *27 

• 

Mount  Nebo 

85 

u6 

23*987 

4-0  '477 

24  '464 

24  -027 
72  -081 

5  *362  230  01 

230  266*10 

71  -871 

Ibepah 

32 

47 

22  '900 

4-0*288 

23*188 

11*034 

5*011  887  45 

102  774  '99 

33 

Deseret 

103 

43 

29*406 

4-0*409 

29*815 

1 1  -034 

5  *265  702  68 

184  375  -27 

Mount  Nebo 

43 

29 

40  086 

4-0  013 

40*099 

11*034 

5  116  021  95 

130  623  69 

32  392 

33  *io2 

PROBABLE  ERROR. 


Determination  of  the  probable  error  of  the  length  of  the  side  Ibepah  to  Mount  Nebo  of  the  Matn  Series 

of  the  Triangulation  across  the  Rocky  Mountains. 

This  side  is  connected  with  the  Salt  Lake  Base  by  the  following  relation : 
Ibepah  to  Mount  Nebo         sin  (7  —  6)  sin  (3  —  2)  sin  (55  —  51)  sin  (17  —  14)  sin  (28  —  27) 


Salt  Lake  Base 


Hence  we  hav( 


sin  (20—  16)  sin  (52  — 5O  sin  (25  —  23)  sin  (37  —  36)  sin  (32  —  31) 


/^=  log  sin  (  7 

4-  log  sin  ( 28 
—  log  sin  (37 


6  )  4-  log  sin  (  3 
27)  —  log  sin  (20 
36)  —  log  sin  (32 


2  )  4- log  sin  (55 
16)  —  log  sin  (52 

31) 


51)  4- log  sin  (17-14) 
51)  -log  sin  (25  —  23) 
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Establishing  and  solving  the  transfer  equations,  we  find  the  reciprocal  of  the  weight 

or  0=  2370;  also  the  mean  error  m  and  the  probable  error  r,  both  expressed  in  units 

of  the  sixth  place  of  decimals  in  their  logarithms,  viz:  d=  2*30  and  d=  1*55,  respectively; 

hence — 

Log.  distance  Ibepah  to  Mount  Nebo  is  5*265  702  68  and  the  length  in  metres  of 

±     I  55 
this  side  =  184  375*27.*    The  probable  error  equals  about  ^sin^^  of  the  length. 

±66 

To  this  must  be  added  the  uncertainty  arising  from  the  base  measure  viz : 
WtW-  X  'jnifn  =  d=  1 15mm;  hence  we  have — 

Probable  error  of  length  of  side  Ibepah  to  Mount  Nebo  -^(o'66)  "-f-  (o'ii5)' 
=  ±0*67  metre,  corresponding  to  ±3*6  millimetres  per  kilometre. 

GBNERAI*  DESCRIPTIOI*  OF  TRIGONOMETRIC  STATIONS  FORMING  THE  SAI*T  JJlKZ  BASE  NET,  UTAH. 

Saii  Lake  Southeast  Base,  Davis  County;  established  by  W.  Eimbeck  in  1896.  This 
station  is  situated  near  the  eastern  shore  of  Great  Salt  Lake,  about  12  miles  in  a  south- 
westerly direction  from  Ogden  and  about  4 J^  miles  west  of  Kaysville,  a  town  on  the 
Utah  branch  of  the  Union  Pacific  Railroad.  It  is  in  school  section  16,  township  3  north, 
range  2  west  of  the  Salt  Lake  principal  meridian,  in  a  large  inclosure  used  as  a  pasture. 
The  geodetic  point  is  marked  by  the  intersection  of  two  fine  cross  lines  on  the  head  of  a 
copper  bolt  firmly  set  in  the  top  of  a  hard  red  sandstone  block,  2  feet  square  by  10  inches 
thick,  buried  4  feet  and  4  inches  below  the  surface  of  the  ground.  This  was  covered 
with  a  layer  of  earth  6  inches  thick,  and  on  this  foundation  a  brick  pier  was  built,  rising 
to  a  height  of  8*8  feet  above  the  ground,  surmounted  by  a  capstone,  30  inches  square 
and  5  inches  thick.  This  pier  is  4>^  feet  square  at  the  base,  4  feet  square  at  the  surface 
of  the  ground,  and  26  inches  square  at  the  top.  At  the  surface  a  stone  2  feet  square  and 
10  inches  thick  was  embedded  in  the  middle  of  the  pier,  its  top  surface  being  flush  with 
the  ground  and  bearing  the  inscription  **U.S.C.&G.S.,  1896."  A  copper  bolt,  with  fine 
cross  lines  was  firmly  set  in  the  stone.  The  pier  is  solid  from  the  foundation  to  the 
surface,  and  above  that  it  has  a  hollow  .space  12  inches  square  in  the  center,  with 
openings  at  the  surface,  eastward  and  in  the  direction  of  the  base  line,  to  afford  access 
to  the  surface  copper  bolt.     No  reference  marks  were  placed. 

Salt  Lake  Northwest  Base,  Davis  County;  established  by  W.  Eimbeck  in  1896. 
This  station  is  situated  in  South  Hooper,  about  i  >^  miles  north  of  Syracuse  Grove,  on 
the  pasture  land  of  Mr.  Cato  Love,  who  lives  about  i  148  feet  east  of  the  station.  It  is 
in  the  southeast  angle  of  the  cross  roads  at  this  locality  and  is  167*3  ^^^^  from  the  fence 
to  the  north  and  206*2  feet  from  the  fence  to  the  west.  Mr.  Gil.  Parker  lives  in  the 
nearest  house  just  across  the  road  southwest  of  the  station  and  Mr.  John  W.  Singleton's 
house  is  in  the  northwest  angle  of  the  cross  roads. 

The  geodetic  point  is  marked  in  precisely  the  same  manner  as  at  Southeast  Base, 
except  that  the  bottom  of  the  brick  pier  and  the  top  of  the  subsurface  stone  are  i  foot 
and  10  inches  nearer  the  surface  of  the  ground  than  at  Southeast  Base. 

Ogden  Peak,  Weber  County;  established  by  W.  Eimbeck  in  1884.  This  station  is 
situated  on  a  peak  of  the  Wasatch  range  of  mountains,  about  10  000  feet  above  the  level 

*  Equal  to  114*564  statute  miles  ±  2*17  feet,  corresponding  to  i:0-23  of  an  inch  per  mile. 
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of  the  sea  and  about  4  miles  in  an  air  line  east  of  the  town  of  Ogden.  The  west  slope 
of  the  mountain  is  very  steep  and  rough;  so  the  station  is  more  easily  reached  by  passing 
through  Ogden  Canyon  and  the  town  of  Huntsville  in  Cache  Valley  and  approaching  it 
on  the  east  slope  of  the  mountain.  The  geodetic  point  is  marked  by  a  copper  bolt  in  a 
hole  drilled  in  the  rock.  This  was  covered  with  a  flat  stone,  having  a  drill  hole  in  the 
top  surface,  cemented  in  the  space  between  the  foot  piers  of  the  theodolite  stand,  and 
the  space  between  the  piers  was  walled  up.  The  top  of  the  copper  bolt  is  0*46  feet  below 
the  top  of  the  surface  mark.  As  reference  marks,  3  holes  were  drilled  in  the  rock  and 
filled  with  lead — one  bearing  north  2°  05'  west,  distant  9  feet  7>^  inches;  one  bearing 
south  71^  17'  east,  distant  8  feet  ^%  inches,  and  one  bearing  south  22°  35'  west  and 
distant  9  feet  4  inches  from  the  geodetic  point.  Bearings  are  true.  A  ring  wall  of  stones, 
nearly  15  feet  in.  diameter,  built  to  serve  as  a  wind-break,  was  left  standing. 

Antelope,  Davis  County;  established  by  W.  Eimbeck  in  1887.  This  station  is 
situated  on  the  largest  island  in  Great  Salt  Lake,  known  as  Church  or  Antelope 
Island.  The  island  is  in  the  southeastern  part  of  the  lake,  and  is  about  15  miles  long 
north  and  south  and  5  miles  wide  in  the  widest  part.  The  station  is  about  2  400  feet 
above  the  level  of  the  lake,  near  the  middle  of  the  island,  and  on  the  highest  peak  of 
the  low  mountain  range  extending  nearly  its  whole  length.  The  geodetic  point  is 
marked  by  a  copper  bolt  set  in  the  solid  rock  at  the  south  end  of  the  small,  nearly  flat, 
top  of  the  peak.  A  hollow  brick  pier,  about  6  inches  thick  and  28  inches  square,  was 
built  around  this  bolt  and  covered  with  a  red  sandstone  cap  block  2  }i  inches  thick  and 
28  inches  square.  The  inscription  *'U.S.C.&  G.Survey,  1892"  was  cut  on  its  top 
surface  and  in  its  center  is  a  copper  bolt  inclosed  in  a  triangle.  The  distance  between 
the  tops  of  the  two  copper  bolts  is  8  J4  inches.  Around  the  pier  and  concentric  to  the 
station  bolt  was  built  a  rock  wall,  4  feet  high  and  2  feet  thick,  with  an  outer  diameter 
of  14  feet,  to  serve  as  a  wind-break.  Just  outside  of  this  ring  wall  3  drill  holes  were 
made  in  the  solid  rock,  as  reference  marks — one  bearing  a  little  west  of  north,  distant 
8  feet  5^^^  inches;  one  about  east  southeast,  distant  7  feet  6^  inches,  and  one  about 
southwest,  distant  7  feet  ii>^  inches  from  the  geodetic  point. 

Promontory,  Boxelder  County;  established  b}^  W.  Eimbeck  in  1887.  This  station 
is  situated  on  the  southern  summit  of  the  eastern  ridge  of  a  low,  broken  range  of 
mountains — the  highest  summits  being  about  2  500  feet  above  the  level  of  the  lake — on 
the  Promontor>''  peninsula  extending  into  Great  Salt  Lake  from  the  north.  On  the 
ridge  a  short  distance  northwest  of  the  station  there  are  several  summits  higher  than 
the  one  on  which  the  station  is  located.  The  geodetic  point  is  marked  by  a  cross  on  a 
copper  bolt  set  in  the  solid  rock,  around  which  was  built  a  hollow  brick  pier  32  inches 
square,  8  inches  thick,  and  12  inches  high,  covered  with  a  red  sandstone  cap  block  2  J^ 
inches  thick,  having  the  inscription  '*U.S.C.&G. Survey,  1892*'  cut  on  its  top  surface 
and  in  its  center  a  copper  bolt  inclosed  in  a  triangle.  The  distance  between  the  tops 
of  the  two  copper  bolts  is  15  J^  inches.  The  usual  rock  wall,  for  a  wind-break,  was  built 
about  3  feet  high  and  with  an  outer  diameter  of  16  feet.  Just  outside  the  rock  wall  3 
drill  holes  were  made  as  reference  marks — one  bearing  about  northeast  by  north, 
distant  8*2  feet;  one  about  southeast,  distant  8  feet,  and  one  about  west  by  south,  and 
distant  8*9  feet  from  the  geodetic  station. 

Waddoupj  Davis  County;  established  by  W.  Eimbeck  in  1892.  This  station  is 
situated  88  feet  north  and  288  feet  west  of  the  southeast  corner  of  the  northwest 
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quarter  of  section  i8,  township  2  north,  range  i  east  of  the  Salt  Lake  principal 
meridian,  in  the  west  side  of  Thomas  Waddoup's  barnyard,  80  feet  west  of  his  house. 
It  is  one-half  mile  west  of  the  Davis  County  public  road,  the  principal  thoroughfare 
between  Ogden  and  Salt  Lake  City.  Centerville  station,  on  the  Union  Pacific  Railroad, 
is  located  at  the  northwest  corner  of  section  18.  The  geodetic  point  is  marked  by  a 
copper  bolt  set  in  the  top  of  a  granite  post,  2  feet  long  with  head  dressed  to  7  inches 
square,  buried  2  feet  below  the  surface  of  the  ground.  A  hollow  brick  pier,  32  inches 
square  outside  and  16  inches  inside,  covered  with  a  red  sandstone  cap  block  4  inches  thick, 
having  the  inscription  "U.S.C.&G. Survey,  1892*'  cut  on  its  top  surface,  and  a  drill 
hole  in  the  center  inclosed  in  a  triangle,  was  built  up  from  the  top  of  the  granite  post 
to  about  4  feet  above  the  surface  of  the  ground. 

Deseret,  Tooele  County;  established  by  W.  Eimbeck  in  1887.  This  station  is 
situated  on  the  summit  of  the  highest  peak  of  the  Onagui  Mountains,  about  1 1  200  feet 
above  sea  level.  It  is  about  8  miles,  in  an  air  line,  a  little  west  of  south  of  the  town  of 
Grantsville  and  about  12  miles,  in  an  air  line,  west  of  the  town  of  Stockton,  and  between 
8  and  9  miles  in  a  southwesterly  direction,  by  trail,  from  Fenstermaker's  ranch  in  the 
entrance  to  Boxelder  Canyon.  The  geodetic  point  is  marked  by  a  copper  bolt  set  in 
the  rock,  encircled  by  a  rock  wall,  as  a  wind-break,  about  4  feet  high  and  14  feet  3 
inches  outer  diameter,  concentric  with  the  copper  bolt.  Just  outside  the  rock  wall  3 
drill  holes  were  made  in  the  rock,  as  reference  marks — one  bearing  south  43°  53'  east, 
distant  10  feet  2  inches;  one  bearing  south  81°  22'  west,  distant  7  feet  2  inches,  and 
one  bearing  north  18°  38'  east,  distant  8  feet  7  inches  from  the  geodetic  point.  Bearings 
are  true. 

Pilot  Peak,  Elko  County,  Nevada;  established  by  W.  Eimbeck  in  1887.  This 
station  is  situated  on  an  almost  inaccessible  and  very  rugged  peak,  the  most  southern 
and  highest  of  a  prominent  range  of  mountains  near  the  northwestern  border  of  the 
Great  American  Desert.  It  is  about  25  miles  south  of  Tecoma,  Nevada,  a  station  on  the 
Central  Pacific  Railroad,  and  is  about  10  764  feet  above  sea  level.  Knaul's  ranch,  10 
miles  to  the  north,  is  the  only  one  in  the  vicinity.  The  geodetic  point  is  marked  by  a 
copper  bolt  set  in  the  rock,  encircled  by  a  rock  wall  4)^  feet  high  and  16  feet  outer 
diameter,  concentric  with  the  copper  bolt.  Four  drill  holes  were  made  in  the  rock,  as  refer- 
ence marks — one  bearing  south  35 '^  01'  east,  distant  9  feet  9  inches;  one  bearing  south 
47°  35'  west,  distant  9  feet  9>^  inches;  one  bearing  north  56°  31'  west,  distant  8  feet 
11^  inches,  and  one  bearing  north  9°  '13'  east  and  8  feet  9  inchej  distant  from  the 
geodetic  point.  The  latitude  station  brick  pier  bears  east  6°  26'  south  and  is  distant  41 
feet  6  inches  from  the  central  bolt. 

Mount  NebOy  Juab  County;  established  by  W.  Eimbeck  in  1883.  This  station  is 
situated  on  the  southernmost  summit  of  the  Mount  Nebo  range  of  mountains,  at  an 
elevation  of  about  11  940  feet  above  sea  level.  It  is  about  16  miles  in  a  northeasterly 
direction,  by  wagon  road  and  trail,  from  Nephi,  the  county  seat  of  Juab  County,  a 
station  on  the  Utah  Southern  Railroad,  about  93  miles  south  of  Salt  Lake  City.  The 
geodetic  point  is  marked  by  a  copper  bolt,  with  cross  on  it,  firmly  set  in  the  solid  rock, 
with  the  usual  brick  pier  for  the  theodolite  and  rock  wall  wind-break  built  around  it. 
The  brick  latitude  pier,  with  wind-break  wall  around  it,  bearing  south  38°  25'  east, 
distant  76'28  feet  from  the  geodetic  point,  was  left  standing.  Four  holes  were  drilled 
in  the  solid  rock,  as  reference  marks — one  bearing  north  24°  16'  east,  distant  13*94  feet; 


222         UNITED  STATES  COAST  AND  GEODETIC  SURVEY. 

one  bearing  south  50°  21'  east,  distant  10*89  ^^^t;  one  bearing  south  38°  01'  west, 
distant  8*4  feet,  and  one  bearing  north  58°  32'  west,  and  distant  873  foet  from  the 
geodetic  point.     All  bearings  are  true. 

Ibepah,  Juab  County;  established  by  W.  Bimbeck  in  1881.  This  station  issitttatnd 
on  the  highest  point  of  the  southernmost  peak  of  the  Deep  Creek  range  of  mountains, 
on  the  southwest  border  of  the  Great  Salt  Lake  Desert,  at  an  elevation  of  about  12  106 
feet  above  sea  level.  This  peak,  as  seen  from  the  valley  below,  resembles  a  house  top, 
with  roof  and  gables  well  defined.  It  is  about  15  miles  south  by  east  from  Ibepah  post- 
ofl&ce  and  about  2  miles  northeasterly  from  two  very  prominent  twin  peaks  of  a  bold 
red  color.  The  geodetic  point  is  marked  by  a  copper  bolt,  with  cross  on  it,  sunk  in  the 
solid  rock,  encircled  by  the  usual  rock  wall,  16  feet  outer  diameter  and  4  feet  high. 
The  brick  latitude  pier,  with  wind-break  wall  around  it,  bearing  north  71°  09'  west, 
distant  69  feet  8  inches  from  the  geodetic  point,  was  left  standing.  Four  holes  were 
drilled  in  the  solid  rock,  as  reference  marks— one  bearing  north  66^  20'  east,  distant 

9  feet  8^  inches;  one  bearing  south  59°  48'  east,  distant  10  feet  i  inch;  one  bearing 
north  88°  28'  west,  distant  10  feet  8  inches,  and  one  bearing  north  45°  28'  west,  distant 

10  feet  5  inches  from  the  geodetic  point.     All  bearings  true. 

O)    Versailles  Base  Line^  Missouri^  ^^97* 

IX)CATlON,    MBASURBMKNT  AND  LENGTH. 

Location  of  the  base  line. — The  Versailles  base  is  located  on  the  divide  between  the 
Missouri  and  Osage  rivers,  near  the  town  of  Versailles,  Morgan  County,  Missouri.  The 
site  for  this  base  was  originally  selected,  as  early  as  1878,  under  the  direction  of  Assistant 
J.  A.  Sullivan,  and  its  two  terminals  known  as  North  Base  and  Hunter  were  occupied 
for  angular  measures  in  1880  by  Assistant  F.  D.  Granger.  The  approximate  length  of 
the  base  is  7*64  kilometres,  its  middle  point  is  in  latitude  38**  27'7  and  in  longitude  92® 
47''4,  and  its  azimuth  at  Hunter  is  about  157°  50'.  The  elevation  above  the  sea  level 
is  about  311  metres. 

The  measurement  of  the  base. — The  measurement  of  the  line  was  placed  under  the 
charge  of  A.  L.  Baldwin,  Assistant,  and  was  accomplished  by  his  party  during  May  and 
June,  1897. 

The  levels  for  the  profile  and  the  determination  of  the  absolute  height  of  the  Une 
depend  on  the  height  of  bench  mark  No.  XXXV  of  the  transcontinental  line  of  levels,  at 
Tipton,  Missouri,  as  established  in  1891.  During  June,  1897,  li°^  of  spirit  levels  were 
run  between  North  Base  and  Himter  and  between  North  Base  and  the  Tipton  bench, 
mostly  by  H.  F.  Flynn — the  latter  distance  is  about  20  statute  miles. 

The  line  crosses  cultivated  land  for  almost  its  entire  length.     Section  stones  with 

copper  bolt  and  cross  lines  were  set  at  i,  2,  and  7  kilometres  from  North  Base.     Each 

stone  is  set  in  cement  and  projects  from  4  to  1 2  inches  above  the  surface.    Other  kilometres 

were  marked  by  posts  with  copper  tack.     At  North  Base  the  center  stone  and  bottle  of 

ashes,  as  secured  in  the  ground  in  1878,  were  replaced  by  rough-dressed  sandstones 

each  with  copper  bolt  and  cross  lines.     The  two  blocks  are  set  in  concrete  and  cement  one 

above  the  other,  the  space  of  23  centimetres  between  them  being  filled  by  four  pieces  of 

pine.     At  Hunter  also  the  station  was  similarly  re-marked  in  1897.     These  surface  stones 

use  A'O  s 
are  inscribed  '-'•'^•^•«.^-*^-     The  line  was  further  prepared  for  measure  by  the  removal 

I097, 
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of  fences,  hedges,  and  other  obstacles;  and  stakes  were  aligned  for  use  with  the  50-metre 
steel  tape  to  serve  as  marking  stakes  for  the  ends  and  support  stakes  for  the  middle  of 
the  tape.  In  setting  these  support  stakes,  of  which  there  was  one  for  each  tape  length, 
care  was  taken  to  make  the  spaces  between  the  supporting  nail  and  the  marking  tables 
uniform  and  to  bring  them  into  coincidence  with  the  line  of  slope  as  near  as  could  be 
without  the  use  of  a  level.  This  work  occupied  the  time  between  May  29  and  June  5. 
(i)  Measures  by  metallic  tape, — Between  June  8  and  15  two  complete  measures  (one 
north  and  one  south)  were  made  over  the  whole  line  and  two  more  over  the  third,  fourth, 
and  fifth  kilometres.  The  complete  measures  were  made  at  night,  either  with  falling 
or  stationary  temperature,  the  remaining  ones  before  and  after  daybreak  with  stationary 

No.  14. 


Chrisiioarv 


Hughes 


'eZshe 


Statute  I^es 


^ 


iF^=^^=f 


i  lift    = 

KllojTietres 

lb  ^ 


^ 


■Jtr 


i!. 


^ 


io 


or  rising  temperature.  The  50-metre  steel  tape  No.  204  was  used  under  a  tension  of 
15  kilogrammes.  Two  thermometers  were  tied  to  the  tape  about  a  metre  from  the 
marking  sleeves  and  read  immediately  after  contact  was  made.  Just  before  contact  was 
made  and  with  the  tape  under  given  tension  it  was  sUghtly  raised  at  the  middle  and 
forward  end  to  relieve  friction.  For  a  full  account  of  the  method  and  apparatus  of  tape 
measures,  see  Coast  and  Geodetic  Survey  Report  for  1892,  pp.  329-503;  also  Coast  and 
Geodetic  Survey  Report  for  1894,  part  2,  Appendix  No.  5,  on  the  length  of  the  Holton 
Base,  Indiana. 

(2)  Measures  with  the  ^ -metre  steel  rods  Nos,  ij  and  7^.* — With  a  view  of  controll- 
ing the  tape  measure  of  the  base,  its  fourth  kilometre  was  measured  three  times  with 
the  above  contact-slide  bars,  between  June  16  and  24.     Two  of  the  measures  were 


*For  general  description  of  contact-slide  bars  and  accessories,  see  Coast  and  Geodetic  Survey  Report,  1880^ 
Appendix  17,  pp.  341-344. 


JZ^    ^  rM.  —  jt— J 
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southward  and  one  northward.  The  bars  were  aligned  by  means  of  a  20-centimetre 
transit.  Pointing  was  made  on  the  agate  ends.  The  line  passes  over  meadows  inter- 
sected by  wide  furrows;  this,  with  severe  rains  encountered  on  nearly  every  day  and  the 
necessity  of  measuring  through  a  barnyard  and  two  stables,  where  the  portable  trestles 
could  not  be  used,  made  speed  impossible. 

The  standardization  of  the  steel  rods  Nos.  ij  and  14.. — ^The  length  of  these  rods  has 
been  determined  on  two  occasions — viz,  in  connection  with  the  measure  of  the  Holton 
Base,  Indiana,  in  1891,*  and  again  in  connection  with  the  Salina  Base,  Kansas,  1896. 
The  results  were : 


Length  of  No. 

13  at  22° -2  C. 
Length  of  No. 

14  at  22° -2  C. 

2(13  + I4)t 


At  Washington  in 
vault,  July,  1891. 

5w  -f  I  278//  ±L  4M 


5m  -f  I  297//  ifc  3/i 


At  the  Holton  Camp, 
August,  1 89 1. 


At  the  Holton  Base,    At  the  Holton  Base 
September,  1891.  kilometre,  1891. 


low  4-  2  575// 
+       30 


5M 


10m  -f-  2  608/1  d=  5// 


low +  2  6o9/fd=6// 


low  -|-  2  618/*  ±  ? 


The  following  result  was  obtained  at  the  50-metre  test  line  south  of  the  office  building 

at  Washington,  between  February  and  April,  1896,  viz :  lom  +  2  609/^  ±  7/^  at  22°  "2  C. 

The  coefficient  of  expansion  was  determined  by  Assistant  O.  H.  Tittmann  and  Mr. 

L.  A.  Fischer  between  May  18  and  27,  1891,  at  the  office  vault.     They  found  the  value 

0*000  01 1  776  for  No.  13  and  o'ooo  on  714  for  No.  14,  and  for  the  mean  rod  the  expan- 
±27  ±29 

sion  1 1  '745/^  per  metre  and  centigrade  scale.     It  was  desirable  to  submit  the  result  for 
±28 

length  of  bars  Nos.  13  and  14  to  a  check  after  their  return  from  the  base,  to  make  sure 

that  no  change  had  occurred.     The  arrangement  and  procedure  were  the  same  as  had 

been  adopted  before,  viz  :  The  length  of  the  office  test  line  was  measured  with  the  bar- 

in-ice  apparatus  No.  17  (length  =  ^m  —  16*2//  ±  I'l/*)  and  then  redetermined  by  means 

of  the  joined  bars  Nos.   13  and  14,  as  well  as  by  the  tape  No.  204.     Length  of  the 

50-metre  office  test  line  %  between  its  two  bronze  bolts,  as  measured  with  the  bar-in-ice 

No.  17  by  A.  Braid,  L.  A.  Fischer,  and  A.  L.  Baldwin — 


h.  tn.                h.  fft. 

Direction  of 
measure. 

length. 
mtn. 

1897.  Oct.  14. 

II  26  a.  m.  —  12  00 

Eastward,  sunshine. 

5ow»-f  0-41 

0  20  p.  m.  —   0  44  p.  m. 

Westward,  sunshine. 

-f  0-44 

Oct.  15. 

2  21  p.  m.  —   2  50  p.  m. 

Eastward,  sunshine. 

+  0  -32 

Mean.  J 

Oct.  18. 

3  05  p.  m.  —   3  25  p.  m. 
10  25  a.  m. 

Westward,  sunshine. 
Eastward 

+  0-37 
+  0-32 

-  50W  +  0  •374»ifff . 
dbo"oi6. 

II   16  a.  m.  —  12  00 

Westward 

+  0-45 

3  35  P-  m. 

Eastward,  sunshine. 

-f  0-30 

*  Sec  Appendix  No.  5,  rcjwrt  for  1894. 

t  When  put  together,  30^^  should  be  added  for  slant  of  knife  edges. 

X  The  shed  was  completed  in  January,  1896 ;  the  roof  is  covered  with  tin  and  painted  dark. 

\  The  length  between  the  bolts  is  again  nearly  as  it  was  in  1896,  showing  a  swaying  back  of  the  concrete  blocks 
since  the  last  comparisons. 
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Measure  of  the  test  line  in  terms  of  bars  ij  and  //,  October  i8,  iSgj, — Table  of 
corrections  to  thermometers  Nos.  1,2,  3,  and  4,  attached  to  the  bars  13  and  14.  These 
thermometers  have  metallic  backs;  the  graduation  is  on  the  centigrade  scale.  Nos.  i 
and  2  are  on  bar  13,  and  3  and  4  on  bar  14. 


Tempera- 
ture. 

No.  I. 

No.  2. 

No.  3. 

No. 

4. 

Mean. 

0 

0 

0 

0 

0 

0 

O'O 

—0  "27 

—0-30 

—0-05 

— c 

'•30 

—0-23 

30 

•33 

•59 

•23 

•47 

•40 

60 

•28 

•54 

*I4 

•41 

•34 

II  'O 

•30 

•53 

•16 

•40 

•35 

16 -o 

•34 

•52 

•17 

•41 

•36 

21  "O 

•43 

•56 

•21 

•43 

•41 

25  0 

•33 

•51 

•26 

•48 

•40 

32-0 

•38 

•56 

•27 

•50 

•43 

34 -o 

•39 

•57 

•32 

•54 

•46 

37 -o 

-0-43 

—0-63 

—0  -28 

— 0 

••50 

—0*46 

For  convenience,  the  five  measures  with  the  bars  were  referred  to  the  terminal 
microscopes  A  and  B  instead  of  to  the  centers  of  the  bronze  bolts.  All  measures  being 
made  on  the  iSth  of  October,  we  deduct  the  measures  involving  the  cut-off  apparatus 
from  the  above  three  measures  with  the  bar-in-ice,  and  refer  the  length  to  the  micro- 
scopes; hence — 


Length  of  test  line  between  terminal  microscopes  October  18 


Mean  value  adopted 


49  "999  50 
49  999  62 
I  49  '999  44 

49  '999  52 


This  length  is  to  be  increased  by  7  millimetres  for  shift  of  microscopes.  The 
coefficient  of  expansion  of  these  rods  was  carefully  ascertained  in  May,  1891,  with  the 
results  as  previously  given.  The  following  table  gives  the  particulars  of  the  five 
measures  with  the  resulting  value  for  the  combined  length  of  the  two  bars  or  for 
:S(i3+i4)ato°C. 


No. 


October  18.  1897. 
Time  of  day. 


Mean 

temperature 

corrected. 


%    length    of 

Difference        Grade         Effect  of      joined  bars,  or 

W.-E.        correction,    expansion.     ^  2  (13+ 14)  at 

qoC. 


I 

I 

05 

2 

I 

38 

3 

2 

(X> 

4 

2 

2£ 

5 

2 

40 

A.     fn.                    h.  tn. 

05  p.m. to  I  38 

2  00 

2  21 

2  40 


18732 — No.  4" 


-I- 1 1 -565  -f     lOl/i  —lUM  6789/1 

12  -140  —     468  —159  7  126 

12-592  —     707  —158  7391 

13*026  —     996  —163  7646 

-f  13 '405  —I  166  —157  7869 
^Rejected  by  observer;  trestles  disturbed  during  measure. 

—15 


5w— 23>u* 

+  2 

—  I 

+  3 

-  3 
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Mean  of  four  measures  ^  (13+  14)  at  o*^  C.  =  10  metres  +  0*5/^  d=  2/^,  a  value 
which  may  be  regarded  as  practically  identical  with  that  found  in  February,  March,  and 
April,  1896,  in  connection  with  the  Saliua  Base.*  Taking  into  account  the  probable 
error  of  the  measure  with  the  bars  as  well  as  that  of  the  base  and  standard,  we  get — . 

^  (13  +  14)  at  0°  C.  =  ID  metres  +  0*5/^  dz  3'5/i  nearly. 

Measure  of  the  test  line  in  terms  of  the  ^o-meire  steel  tape,  No,  204.. — On  May  19  and 
20,  and  again  on  October  14  and  15,  1897,  a  number  of  comparisons  for  length  of  tape 
were  made.  The  tape  was  stretched  over  the  test  line  with  a  tension  of  15  kilogrammes 
and  compared  with  the  distance  between  the  terminal  microscopes,  and  when  the  differ- 
ence in  length  became  too  great  for  microscopic  measure,  by  reason  of  expansion  or  con- 
traction of  the  tape  due  to  changed  temperature,  the  east  microscope  was  shifted  a  certain 
number  of  millimetres  by  means  of  the  Brunner  centimetre  scale.  During  the  measures 
the  tape  was  supported  at  three  points — viz,  directly  under  the  microscopes  and  at  the 
middle  point.  Near  the  same  places  thermometers  with  metallic  backs  were  placed  fiat 
upon  the  upper  surface  of  the  tape.  The  illumination  needed  for  reading  of  the  micro- 
scopes was  by  means  of  a  signal  lamp  placed  outside  the  comparing  shed.  The  mean 
value  for  one  turn  or  revolution  of  the  microscope  micrometres  A  and  B  is  71*6//. 

The  observations  made  in  May,  before  the  base  measure,  are  less  elaborate  and  not 
quite  so  satisfactory  as  those  of  October;  they  are,  nevertheless,  of  value,  since  they 
prove  the  constancy  of  the  length  of  the  tape  after  its  use  in  the  field.  In  the  spring 
observations  but  two  thermometers  were  read,  and  the  resulting  values  for  length  of  tape 
show  a  progressive  increase  as  the  observations  were  progressing.  On  May  19  and  20 
the  distance  between  the  microscopes  A  and  B  was  determined  by  means  of  the  bar-in- 
ice  No.  17,  and  on  the  same  days  the  length  of  the  tape  was  tested. f  The  results  were: 
49*9860  metres  from  fourteen  measures  with  falling  temperature  (26J^°  to  17*^); 
49*986  4  metres  from  seven  measures  with  stationary  temperature  (16  J^°),  and  49*986  6 
metres  from  eight  measures  with  rising  temperature  (20^°  to  26)^°).  This  last  value, 
as  will  be  seen  farther  on,  is  identical  with  the  value  deduced  from  the  October 
observations.  The  difference  between  groups  i  and  3  is  ascribed,  by  the  principal 
observer,  to  lag  of  thermometers.  Respecting  the  October  observations,  we  have  to 
note  the  following  particulars: 

■ 

*  viz,  10  metres  +  x/x  db  7M't  sc«  account  of  the  Salina  Base  measure  of  1896;  the  probable  error  given  here  and  above 
in  the  text  refers  only  to  discrepancies  in^he  comparisons  and  are  not  absolute. 

t  The  observations  were  in  charge  of  A.  Braid,  who  was  aided  by  A.  I«.  Baldwin,  L.  A.  Fischer,  and  other  help. 
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o*o  C. 


Table  of  ihermonieter  corrections. 


Temoera-        ^°-  7^74         No.  7871 

^^^^-  east  end.         middle.        west  end.        ^^^'P*^^ 


No.  7868 
at 


o 

— o-i8 


2*5 

5-0 

— o*i6 

7 '5 

10  "O 

— o-i8 

12*5 

15  0 

— o-i8 

17-5 

20 'O 

— 0*22 

22*5 

25-0 

—0*14 

27  5 

30  0 

— 006 

32-5 

35*0 

-o-o8 

37*5 

40*0 

— o-o6 

■o'o7 

-O'll 

-0-13 
-0*14 
-0*24 
-0-23 

-0*2I 
-0-23 
-0*28 
-0*27 
-0-28 

-0*24 
-0-26 
-0*24 

-0'26 

-0-23 

-0'20 


o 
-O'OO 
-O'll 

-008 

-o*o6 
-0*07 

O'll 

-o'i4 
-0-13 
-o'09 
-0*09 
-0*17 
-o*i6 
-o'i4 
-0*24 
-o'i9 
-0-30 
-0-31 


Mean 


o 

— o-o8 
—0-13 

— 0'12 
— 0"I2 

— o'i6 
— o'i7 

— 018 

— 0*19 

— 0*20 

— 018 

— 0*20 
—0*17 
—0-15 

— o-i8 
— o-i8 

— 0'20 

—0*19 


On  October  14  and  15  the  distance  between  the  microscopes  of  the  office  test  line 
was  found  as  follows: 


October  14 
October  14 
October  15 
October  15 

Mean 


49  '999  187 
223 


0951  a  correction  of  -j-  i  minimetre  was 
141/  supplied  for  shifting  of  microscopes. 


49*999  16 


For  the  reduction  of  the  length  of  the  tape  to  o**  C. ,  the  coefficient  of  expansion 
o'Goo  on  was  employed.  The  38  measures  were  divided  into  two  groups,  one  of  high, 
the  other  of  low,  temperature. 

(i)  Length  of  tape  at  o**  C.  from  17  measures,  October  14,  between  2  hours  30  min- 
utes p.  m.  and  9  hours  30  minutes  p.  m.,  and  between  9  hours  25  minutes  a.  m.  and 
o  hours  30  minutes  p.  m.  October  15,  at  a  mean  temperature  20^*50,  49.986  66  metres. 

(2)  Length  of  tape  at  o®  C.  from  21  measures  between  o  hours  03  minutes  p.  m.  and 
6  hours  48  minutes  a.  m.  October  15,  at  a  mean  temperature  14** '23,  49'986  49  metres. 

Value  for  length  of  tape  204  at  0°  C,  49*986  57  metres  +  0*55  /millimetre,  under 

±    3 
tension  and  support  as  stated. 

Measures  and  results  for  length  of  the  Versailles  Base  Line. — Between  June  8  and  15 

two  complete  measures  of  the  base  were  had  with  the  tape,  also  two  additional  measures 

of  the  third,  fourth,  and  fifth  kilometres,  and  between  June  16  and  24  three  measures 
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were  secured  of  the  fourth  kilometre  by  means  of  the  contact-shde  bars.*  These  last 
measures  were  intended  to  furnish  the  means  for  a  restandardization  of  the  tape  under 
better  conditions  as  to  surroundings  than  existed  when  this  was  done  under  the  covered 
shed  at  Washington,  where  the  heat  radiation,  in  particular  from  the  ground,  was 
obstructed.,  as  compared  with  the  free  radiation  in  space.  The  results  for  the  length  of 
the  fourth  kilometre  space  will  therefore  be  given  first. 

The  corrections  to  the  four  thermometers,  Nos.  i  to  4,  are  those  already  tabulated, 
and  they  were  applied,  as  well  as  those  for  inclination  of  bars,  as  below: 


First  measure  southward,  June  16 

18 

Second  measure  southward,  June  2 1 

22 

Third  measure  northward,  June  23 

24 


Length  of  fourth  kilometre  space, 
100  bars  13  and  14  at  i\ 


h»  tn,  h,  tn. 

5  50  a.  m.  and  10  22  a.  m. 

6  07                   9  09 
6  03                  10  29 

5  18  6  33 

5  09  II  12 

5  17  6  02 

6  21  10  II 
9  38  12  59 

m      fi      m 

1000+50+0-303  14 

:±=35o        ±    37 
+0-285  87 

±    33 
+0-299  15 

±    35 


o 

25-81 


Mean  temperature  / 
corrected  for  grad- 
uation errors. 


24-34 


25*47 


Corr'n  for 
slope. 


Excess        Resulting 
lixcess.         length. 


— 0-I22    10      — 0*207  36 

— o-ii6  39    —0-196  23 
—0-128  78    —0-199  55 

Mean  of  3  measiu'es 


999*973  7 


•973  3 


-970  9 


999-972  6 


The  probable  error  of  this  mean  due  to  measurement  is  =to'59  millimetre,  that 
due  to  temperature,  ±o'35  millimetre,  and  that  due  to  the  joined  length  of  13  and  14, 
rho*35  millimetre;  total,  ±0*78  millimetre. 


•Mr.  Baldwin  was  assisted  by  Mr.  R.  L.  Paris  and  H.  F.  Flynn. 
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MEASURES  OP  THE  FOURTH  KII/DMETRE  BY  MEANS  OP  THE  TAPE. 

Thermometers  No.  7874  and  No.  3666  were  placed  in  contact  with  the  forward  and 
rear  ends  of  the  tape,  respectively.  The  graduation  corrections  for  the  latter  instrument 
and  for  the  mean  of  the  two  instruments  are  as  follows: 


Temp. 


Thermometer  3666. 


Corr'n. 


0 

0 

oxx)C 

-|-o*io 

2  60 

•08 

4*95 

•05 

7  59 

•07 

JO -00 

•03 

12-54 

•04 

15 '07 

•07 

17 '37 

•10 

20*04 

+007 

3666. 

Thera 
and 

i's3666 
7874. 

Temp. 

Corr'n. 

Temp. 

Mean 
Corr*n. 

0 

0 

0 

0 

22*6oC 

+0 

•09 

oC 

—0*04 

24-84 

•07 

5 

•06 

27-41 

-06 

10 

•07 

30-02 

•05 

15 

•055 

32  50 

•03 

20 

•075 

35  05 

-00 

25 

•035 

37-61 

•04 

30 

00 

40-02 

-fo 

•00 

35 
40 

•04 
—0-03 

No. 


Date. 


Length  of  fourth  kilotnetre  space. 


Hour  of  day. 


I 

2 

3 
4 


1897.        A.    m.  h,  fn, 

June     8  f    8    30  p.  m.  to  9    30  p.  m. 


10 
14 
15 


<f 


(t 


7    40     "  8    22 

4    42  a.  m.  to  5     10  a.  m. 

4    38     *•  5    00 


(I 


Mean     Corr'n  for    Corr'n  for    o  -.    * 

temp.         expan-        inclina-      ^"^  ^' 
«^-.»Vi  ^^Z.  4.:^^  set-ups. 


corr'd.         sion. 


+  14-17 
20-63 

18-83 

19-89 


4-0-155  9 

0'226  9 
0*207    I 

o  -218  8 


tion. 


m. 


— o  *io8  8 


-ups. 

m. 

+0*184  6 

0-II2   8 

0*130  8 
0*122  6 


Mean 


Sum. 


fn. 


+0*231  7 
0*231  o 
0*229  2 
0*232  6 

0*231  I 
±     5 


m 

and  20  T.  at  0°  C.  + 0*231  i  =  999*972  6 

=b5  zt8 

hence  length  of  tape  at  0°  C,  49*987  10  metres,  a  value  corresponding  well  with  that 

±5 
found  at  the  test  line  in  Washington  (49*986  57).     We  shall  make  use  of  the  result  as 

±3 
found  from  the  field  comparisons. 
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Abstract  of  measures  of  the  Versailles  Base  by  means  of  tape  No.  204. 


No.  of 

kilometre 
and  tapes. 

I 
0  or  North 
Base  to  20 

Date, 
1897. 

June    10 
June    II 

June    II 
June    II 

June     8 
June    10 
June    14 
June    15 

June     8 
June    10 
June    14 
June    15 

June     8 
June     9 
June    14 
June    15 

June      8 
June     9 

June  8, 9 
June      9 

1 

June      9 
June     9 

Direc- 
tion. 

N. 
S. 

S. 

N. 

S. 

N. 
S. 
S. 

s. 

N. 

s. 
s. 

s. 

N. 

s. 
s. 

s. 

N. 

s. 

N. 

S. 

N. 

Mean 
temp, 
corr'd. 

0 
20*17 

24*95 

23-70 
22*59 

15*86 

19*57 
17*97 

19*89 

14*17 
20-63 
18-83 
19-89 

13*94 
17-40 

19*85 
20*00 

13*53 
18*01 

16-90 
18-41 

19-01 
18-91 

Correction      Correction      Set-ups 
for  temp.              for                 (or 
of  tape.       inclination,  set-backs.) 

m,                  m.                  m. 
+0-22I  9  1                     /  +0034  9 

"^    }  -0  *402  4  { 
•274  4  J                         I  — 0-02I  5 

4-0*260  7  ^                     r  -f  0*048  4 
>  —0  *2i2  9  <    , 
*248  5  /                ^  I  4-0  061  5 

Resulting 

length  of 

parts. 

999  *595  8 
*592  0 

Diff. 
from 
mean. 

mm. 

1*9 

4-1*9 

20  to  40     I 

*593  9 

999*837  7 
*838  6 

4-0-5 
-0-4 

•838  2 

3 

< 

40  to  60 

• 

+0  -174  5  1 

^^^  ^  I  -0*086  6 
*I97  7 

*2i8  8  J 

4-0-129  5 
■4-0*089  9 

4-0-106  I 
.  4-0*089  2 

999  -958  8 
•960  0 
•9586 
*962  8 

4-1*2 

o*o 

4-1-4 

-2*8 

• 

•960  0 

4 
60  to  80 

+0  -155  9 
•226  9 

*207    I 

•218  8  . 

—0  -108  8 

•  4-0  -184  6 
+0*112  8 
4-0-130  8 

.  4-0 -122  6 

999*973  2 
•972  5 
-970  7 

•974  I 

-0*6 
4-0 -I 
4-1*9 

-1*5 

•972  6 

5 
80  to  100 

4-0*153  3 
•191  4 

•218  4 

-220  0  . 

'  -0*131  8 

4-0*106  0 

4-0-066  5 

-f  0*035  9 

.  -f  0  -036  4 

999*869  0 
-867  6 

•8639 
•866  I 

-2*4 
—I  -o 

4-2-7 
4-0-5 

+0  -148  S  \                 0  f  +°  '^74  3 

>  —0-107  8  < 

•198  I  J                       I  -fo-i2i  7 

• 

-fo  -185  9  ^                     f  4-0  -148  5 

>  —0-443  2  < 

-202  5  /              ^      i  4-0*132  9 

4-0  -135  9  1               r  4-0  -138  8 

}  -0  *302  5  \ 
*I35  2  )                      I  4-0-139  2 

•866  6 

'      1 

100  to  120    I 

999  *956  8 
•953  5 

1-6 

4-1-7 

•955  2 

'    1 

120  to  140    I 

999*632  7 
•633  7 

4-0*5 
—0*5 

■633  2 

8 
140  to  153 
or  Hunter 

649-804  2 
-803  9 

— 0-2 
4-0*1 

-804  0 

The  fractional  part  of  a  tape,  between  Hunter  A  and  the  end  of  tape  153,  was 
measured  by  means  of  a  3-metre  steel  bar,  one  of  the  metre  spaces  being  graduated  to 
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centimetres  and  read  by  a  vernier  to  0*05  of  a  millimetre.     Corrections  to  subdivisions 

are  given: 

Distance:  2*217  ^5  nietres  at  42°*8  C. 

2'i79  CO  metres  at  35^*2  C. 

End  of  tape  153  to  Hunter  =  4.397  9  metres. 

Sum  of  parts  of  base  (i  to  8)  7  648*623  7  metres. 

Hence  length  of  base  (unreduced  to  sea  level)  7  644*225  8  metres. 

To  reduce  the  measured  length  to  the  sea  level,  we  have  the  following  data:  Pro- 
visionally adopted  height  of  the  St.  Louisj  Missouri,  City  Directrix,  so  called,  or  bench 
mark  K^  (on  the  g^eat  bridge)  of  the  transcontinental  line  of  spirit  leveling  125*8  metres 
it  0*25  metre. 

t^h  Tipton,  city  hotel  bench  mark  XXXV  and  K^  by  spirit  levels,  1882-1888-1891  155  74 

tJi  bench  mark  at  Fortuna,  Gunter*s  store,  and  Tipton  by  spirit  levels,  1897  13  '66 

tji  Versailles  North  Base,  bolt  in  stone  and  Fortuna  bench  mark  by  spirit  levels,  1897    26  '63 

Height  of  North  Base  321  '83 

From  leveling  of  the  base  in  May,  1896,  and  in  June,  1897,  we  get  the  mean  heights 
of  the  several  kilometres,  as  follows:  * 


No.  I 

m. 
316-91 

No.  5 

m. 
318-08 

2 

3"  '28 

6 

308-14 

3 

303  '46 

7 

302-60 

4 

312-04 

8 

315-06 

Average  height  above  the  sea  of  whole  base  h  =  310*81  metres,  and  the  reduction 

h 

to  sea  level  becomes  —  h.  -  —  —  0*373  3  metre,  where  p  —  radius  of  curvature  in   the 

^  zfc         6 

latitude  and  azimuth  of  the  base. 

The  probable  error  of  the  base  measure,  as  derived  from  the  discord  of  the  several 

measures  of  the  segments  by  the  tape,  is  given  by  the  expression — 


V  «,  in-  i)^  n^  (w,-  I  )  ^  «3  {n-  i  ) 

where  for  any  segment  n  =  number  of  measures  and  2  (<T—sy  the  sum  of  the  squares 
of  the  individual  differences  from  the  mean  value  (T.  This  probable  error  equals 
zt  2 '08  millimetres;  hence  we  have  finally — 


ffim. 
Probable  error  of  measure  ±2*08 

Probable  "error  of  reduction  to  sea  level  0*60 

Probable  error  of  153  tapes  (153  X  '000  05)     7*65 

which  is  about  ^rvW  of  the  length. 

Length  of  the  Versailles  Base       7  643*852  5 

±:      80 

and  its  logarithm  3*883  312  3 

±        5 


mm. 
total  dz  7*95 


•  The  height  above  sea  of  Hunter,  copper  bolt  In  stone,  =  sig-o  metres. 
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UNITED  STATES  COAST   AND   GEODETIC   SURVEY. 


ABSTRACT  OF  RESULTING  HORIZONTAL  DIRECTIONS,   OBSERVED  AND    ADJUSTED,   AT  THE    STATIONS 

FORMING  THE  NET,    1879-80. 

Versailles  North  Base,  Morgan  County,  Missouri.      August  16  to  August  28,  1880.      35-centimetre 
theodolite,  No.  10.     Telescope  above  giound  933  metres.     F.  D.  Granger,  observer. 


No.  of 
direction. 

Objects  observed. 

Resulting  directions 
from  station  ad- 
justment. 

Approximate 

probable 

error. 

Correction 
from  base-net 
adjustment. 

Final  sec^ 

onds  in  trian- 

gulation. 

0 

/ 

// 

// 

// 

ff 

6 

Hunter  (Versailles  South  Base) 

0 

00 

00*00 

±0*10 

■fo*3i 

00*31 

7 

Hughes 

80 

28 

22*95 

•16 

-foo7 

23  *02 

I 

Hubbard 

188 

27 

27  *II 

•14 

—0*14 

26*97 

2 

Cole 

225 

40 

19*15 

•14 

+0*I2 

19  27 

3 

Christian 

258 

39 

45 'lo 

•13 

-ho -07 

45-17 

4 

High  Point 

292 

35 

48*80 

•14 

—0*28 

48-52 

5 

Belshe 

312 

31 

39  77 

•16 

—0*17 

39 -60 

Probable  error  of  a  single  observation  of  a  direction  {D,  and  ^.)  =  ± o''*8i. 

Hunter  ( Versailles  South  Base),  Morgan  County,  Missouri.     July  21  to  July  30,  1880.     35-centimetre 
theodolite,  No.  10.     Telescope  above  ground  12*46  metres.     F.  D.  Granger,  observer. 


Versailles  North  Base 

0 
0 

00 

00 'OO 

■// 
±0*13 

// 
—0*24 

// 

9 

59-76 

Tipton  spire 

21 

18 

61  '21 

•42 

10 

Cole 

32 

02 

47-08 

*20 

-f-    -25 

47*33 

California  spire 

60 

37 

21  '99 

•31 

II 

Christian 

63 

57 

44-28 

•17 

—     -12 

44-16 

12 

High  Point 

89 

29 

18*05 

•20 

*8o 

17-25 

13 

Belshe 

122 

37 

04*11 

•15 

4-    -79 

04*90 

8 

Hughes 

293 

39 

12*55 

•16 

+    -II 

12*66 

Probable  error  of  a  single  observation  of  a  direction  {D.  and  R.)  =^  ±i  i'''*o4. 

Hughes y  Morgan  County,  Missouri.     September  8  to  September  26,  1880.     35-centimetre  theodolite, 
No.  10.     Telescope  above  ground  32*19  metres.     F.  D.  Granger,  observer. 


// 


// 


// 


// 


17 
18 


14 

15 
16 


Versailles  North  Base 

Hunter  (Versailles  South  Base) 

Sch  nackenberg 

Sedalia,    German    Methodist 

Church  spire 
Heard 
Hubbard 
Cole 

Christian 
Probable  error  of  a  single  observation  of  a  direction  (D.  and  ^.)  =  db  0^^*90. 


0 

00 

00*00 

-♦-0  "lO 

—0  -04 

59  96 

33 

10 

50-59 

*I2 

—     '20 

50-39 

229 

36 

09*83 

•17 

261 

32 

53-97 

-44 

264 

26 

26*61 

•    -14 

314 

13 

16*91 

-13 

-      32 

16-59 

339 

57 

16*87 

-14 

—     *20 

16*67 

358 

46 

13-33 

*2I 

4-    -75 

14  08 
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ABSTRACT  OF  RBSUtTiNG  HORIZONTAI,  DIRBCTIONS,  OBSBRVBD  AND  ADJUSTED,  AT  THB  STATIONS 

FORMING  THB  NET,  1 879-80— continued. 

CoUt  Moniteau  County,  Missouri.    October  12  to  October  22,  1880.    35-centimetre  theodolite.  No.  lo. 

Telescope  above  ground  12^47  metres.    C.  Terry,  jr.,  observer. 


No.  of 
direction. 

Objects  observed. 

Resulting  directions 
from  station  ad- 
justment 

Approximate 

probable 

error. 

Correction 

from  base-net 

adjustment. 

Pinal  sec- 
onds in  trian 
gulation. 

0 

/ 

// 

ff 

// 

// 

29 

Hubbard 

0 

00 

00 'OO 

±o-ii 

+0-47 

00*47 

Tipton  spire 

6 

35 

31-72 

•58 

California  spire 

160 

22 

40-59 

•30 

24 

Christian 

162 

47 

10-72 

•21 

+    '02 

10-74 

MorcAU 

184 

00 

44-49 

•18 

25 

High  Point 

211 

20 

25 -86 

•22 

-    -50 

25-36 

26 

Hunter  ( Versailles 

South  Base) 

259 

34 

20-25 

•20 

+    -32 

20^57 

27 

Versailles  North  Base 

273 

II 

52-42 

-14 

—     ^22 

52*20 

28 

Hughes 

287 

57 

13-07 

•19 

-     -08 

12  99 

Probable  error  of  a  single  observation  of  a  direction  (Z?.  and  ^.)  =  ±  i^'-o8. 

Hubbard^  Morgan  County,  Missouri.     October  29  to  November  12,  1880.     35-centimetre  theodolite, 
No.  10.    Telescope  above  ground  13*99  nietres.    F.  D.  Granger  and  T.  P.  Borden,  observers. 


0 

/ 

// 

// 

ff 

ff 

20 

Cole 

0 

00 

00 '00 

±010 

+027 

OQ'Y^ 

21 

High  Point 

19 

27 

23  21 

•16 

-    -95 

22*26 

22 

Versailles  North  Base 

55 

58 

59-68 

-14 

-f    -57 

60   25 

23 

Hughes 

82 

13 

13-27 

•16 

+    -31 

13-58 

Schnackenberg 

125 

22 

11-35 

•18 

Sedalia  spire 

166 

10 

13-78 

•22 

Heard 

168 

31 

22  35 

-17 

19 

Christian 

350 

25 

26-60 

-14 

—    -20 

26^40 

Probable  error  of  a  single  observation  of  a  direction  (Z?.  and  ^.)  =  ±  c/^'^. 

Christian,  Moniteau  County,  Missouri.     October  25  to  November  7,  1879.    35-centimetre  theodolite, 

No.  10.    Telescope  above  ground  12*28  metres.    H.  W.  Blair,  observer. 


// 


// 


// 


// 


37 

High  Point 

0 

00 

00*00 

±0109 

-fo 

'40 

00*40 

38 

Hunter  (Versailles  South  Base) 

30 

12 

30  25 

•21 

— 

-68 

29-57 

39 

Versailles  North  Base 

44 

54 

30  92 

•18 

— 

-37 

30-55 

40 

Hughes 

45 

29 

22-83 

•22 

-29 

22-54 

41 

Cole 

81 

30 

23-13 

-18 

-f 

-70 

23-83 

Tipton,  Baptist  Church  spire 

87 

02 

15-50 

•22 

42 

Hubbard 

89 

08 

4005 

•16 

— 

•21 

39-84 

Calif omia,Christian  Church  spire 

100 

45 

10-25 

-38 

Medlock 

254 

50 

12-26 

-20 

Moreau 

304 

19 

34-86 

•17 

36 

Belshe 

324 

18 

41  -oo 

•17 

+ 

•45 

41-45 

Probable  error  of  a  single  observation  of  a  direction  (A  and  ^.)  =  ±  i''^-o4. 
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UNITED  STATES  COAST  AND  GEODETIC  SURVEY. 


ABSTRACT  OF  RESUI^TING    HORIZONTAI,   DIRECTIONS,  OBSBRVED  AND   ADJUSTED,  AT  THE  STATIONS 

FORMING  THE  NET,  1 879-80— completed. 

High  Pointy  Moniteau  County,  Missouri.    July  10  to  July  17, 1880.    35-centimetre  theodolite,  No.  10. 

Telescope  above  ground  9*69  metres.     H.  W.  Blair^  observer. 


No.  of 
direction. 


34 


35 
30 
31 
32 

33 


Objects  observed. 

Christian 

Moreau 

Belshe 

Hunter  ( Versailles  South  Base) 

Versailles  North  Base 

Hubbard 

Tipton, First  Baptist  Church  spire 

Cole 

California, Christian  Church  spire 


Resulting  directions    Approximate      Correction         Pinal  sec- 
from  station  ad-  probable       from  base-net  onda  in  trian- 

justment.  error.  adjustment.         gulation. 


// 


// 


// 


// 


Approximate  probable  error  of  a  single  observation  of  a 

Belshe^  Cole  County,  Missouri.     September  20  to  October  i, 

Telescope  above  ground  975  metres.     H. 


0 

00 

00 'OO 

dbO'ii 

—0-51 

59*49 

62 

24 

21  -31 

•17 

117 

56 

13*80 

•18 

-    '35 

13*45 

235 

44 

0073 

•16 

+    -45 

01  -18 

258 

50 

31-60 

-21 

-f-    -65 

32  25 

298 

10 

34*62 

•15 

~    92 

3370 

305 

18 

53-98 

•15 

310 

03 

36-27 

•19 

4-    -67 

36*94 

353 

37 

15-09 

-29 

tbser 

vatic 

)n  of  a  direction  (/?. 

and  R. )  = 

db  0^^-99. 

1879.     35-centimetre  theodolite,  No  10. 
W.  Blair,  observer. 


0 

/ 

// 

// 

// 

// 

Moreau 

0 

00 

00-00 

±0*09 

1 

Medlock 

17 

10 

49-00 

•16 

Cedar 

47 

47 

35-48 

-19 

St.  Thomas  spire 

98 

47 

48-10 

•31 

Kennedy 

lOI 

29 

0571 

-18 

Koeltztown  spire 

105 

24 

14-06 

-25 

43 

Hunter  (Versailles  South  Base) 

2S6 

21 

33-83 

•20 

-ho -18 

34 'oi 

44- 

Versailles  North  Base 

296 

16 

08-69 

-15 

-f    -01 

08*70 

45 

High  Point 

315 

25 

60-07 

-18 

-62 

59*45 

California  spire 

339 

35 

39-60 

-38 

46 

Christian 

341 

48 

26  80 

•18 

+    -44 

27-24 

Approximate  probable  error  of  a  single  observation  of  a  direction  (Z?.  and  ^. )  =  db  i''''io. 

FIGURE  ADJUSTMENT. 

Observation  equations.* 


No. 

1  0=4-  0-20  4-  (I)-  (7)-(i4)-f  (i7)-(22)-i-(23j 

2  o=-  0-23  -  (4)-h  (6)-  (9)H-(i2)-(3o)-f  (31) 

3  o=-  I'll  --(34)-h(35)-(36)-t-(37)-(45)  +  (46) 

4  o=-f  0-89  -(i9)-f  (2o)-h(24)-(29)-(4i)  +  (42) 

5  0=4-  o-io  -  (2)-^  (4)-(25)-h(27)-(3i)  +  (33) 

6  0=+  271  -(ii)-f (i2)-(3o)-h(34)-(37)  +  (38) 

7  o=-  0-66  -  (3)-r  (6)-  (9)  +  (ii)-(38)  +  (39) 

8  o=-  0-14  -  (2)-f  (6)-  (9)  +  (io)-(26)-(27) 


•  Number  of  conditions  in  the  net  26,  of  which  16  refer  to  sums  of  angles  and  10  to  the  ratio  of  sides.  The  side 
equations  are  established  with  7  places  of  decimals  in  the  logarithms,  and  the  differences  for  i"  are  cut  oiT  at  the  sixth 
place. 
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9  o 

10  a 

11  o 

12  o 

14  o 

15  o 
i6  o 

17 

i8  o= 

19  0= 

20  0= 

21  0= 

22  0= 

23  0= 

24 

25  0= 

26  0= 


FiGURB  ADJUSTMENT— continued. 
Observation  equations— Completed. 

-  1-83  -(i5)  +  (i6)-(24)-f  (28)-(4o)+(4i) 

-  1-34  -  (5)+  (6)-  (9)  +  (i3)~(43)+(44) 
-0-48-  (4)+  (5)  +  (3i)-(35)-(44)+(45) 
-h  075  -  (6)4-  (7)-  (8)-f-(  9)-(i7)-f-(i8) 

-  0-34  +  (2)-  (7)_(i5)+(i7)-(27)-h(28) 

-  1-25  —  (l)  f  (2)-(20)-f  (22)-(27)4-(29) 
-f   0-I9   -    (l)+    (4)_(2l)  +  (22)-(3l)-h(32) 

-f  0702+  (3)-  (7)_(i6)4-(i7)-(39)-f(4o) 

-  1-3    -f-o-87(4)-r93(5)-|-ro6(6)-3-82(3o)4-4-93(3i)-i-ii(35)+8-27(43)-i2-o5(44) 
-f  378(45) 

-  57    -2-33(9)+3-36(io)-ro3(ii)-ho78(24)4-8-68(26)-9-46(27)-8'.03(38)4-io-87(39) 

-  2-84(41.) 

-  4-54  -12-48(19)  + 18-44(20) -5-96(2i)-io-oo(32)  +  ii77(33)-i77(34)-o-32(37) 
-|-i6-02(4i)-i5-7o(42) 

-  6-i-f2-o5(2)-f-o-87(4)-2-92(6)-i-88(25)4-U)-56(26)-8-68(27)-4-34(3o)-f-4-93(30 

-  0-59(33) 

-  7'6-o-53(i)-3-i3(3)-f3-66(4)+3-79(i9)-6-63(2i)-h2-84(22)-f2-o8(37)-2-ii(39) 

-  0-03(42) 

-  2-2-2-o5(i4)-f5-78(i5)-3-73(i7)-i-42(2o)-h5-69(22)-4-27(23)-7-88(27)-f 8-00(28) 

-  0-12(29) 

-  8-6-h3-i3(3)-8-94(4)-f-5-8i(5)+2-93(36)-5-o4(37) +2-11(39) +6-o6(44)-io-3i(45) 
+  4-25(46) 

-  6-2-ho-92(8)-4-28(9)-f3-36(io)-f5-78(i5)-9-oo(i7)-|-3-22(i8)+8-68(26)+i6-68(27) 
-f  8-00(28) 

-fi7-6+4-37(i4)-io-55(i5)-f6-i8(i6)-|-i2-48(i9)-i2'77(2o)+o-29(23)-f2-9o(4o)-i8 -60(41) 
+  15-70(42) 

-9i-7+o-92(8)-i-95(9)+ro3(ii)+98-io(i6)-ioi-32(i7)+3-22(i8)+8-03(38)-2i5 -63(39) 
+207-6(40) 

Correlate  equations. 


Correc- 
tions. 

Ci 

Ca         C3 

C4 

Cs          C6          C7 

C8 

C9 

Cio 

Cii 

Cia 

C13 

Cx4 

Cs 

c>« 

(1) 

+1 

—  I 

—I 

(2) 

—I 

—  I 

+  1 

+  1 

(3) 

—I 

+1 

(4) 

—  I 

+1 

—I 

+  1 

(5) 

•    •    • 

•    ■    •              ■    •    • 

•    •    • 

•    ••              •••              ••• 

•    •    • 

«    •    • 

—  I 

+1 

•    •    • 

•  •  • 

•    •    • 

... 

•     •     ■ 

(6) 

+  1 

+1 

+  1 

+  1 

—  I 

(7) 

-rl 

+4 

—I 

—  I 

(8) 

—  I 

(9) 

—  I 

—I 

—  I 

^ 

—  I 

+  1 

■ 

(10) 

•    •    • 

•    •    •               •    •    • 

•    •    • 

•    ••              •••              •«• 

+  1 

•    ■    • 

•    •    « 

•    •    ■ 

•  •  • 

•  •  • . 

•    ■    ■ 

*  •  • 

•     ■     * 

(") 

-I      4-1 

(IJ) 

+  1 

+1 
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Correc- 
tions. 


(13 
(14 

(15 
(16 

(17 
(18 

(19 
(20 

(21 

(22 

(23 
(24 

(25 
(26 

(27 
(28 

(29 
(30 

(31 
(32 
(33 
(34 
(35 
(36 

(37 
(38 

(39 
(40 

(41 
(42 

(43 
(44 

(45 
(46 


UNITED  STATES  COAST*  AND  GEODETIC  SURVEY. 

FIGURE  ADJUSTMENT— continued. 
Correlate  equations— Q.ontimxe6.. 

C5  C6         C7  C8  C9  Cio  Cix 


Ca         C3        C4 


Cu  Cz3  Cx4         Czs        Cz6 


—  I 


+1 


•  •  •     •  •  • 


—I 

-fl 


■  •       •  •  • 


—I 

+1 


+1 


—I 


+1 


•        •  • 


—I 

+1 


■    •  •  •    »  •  •    ^^~  X 

—I 


+1 


—I 

+1   .. 

—I 

-fl 


+1 

•  «  •      •  >  • 

—  I 

+1  -I 

•  +1 


—I 

+1 


—I 

+1 


•   •  SB 


—I 

+1 


+1 


""^^  X       •  •  •       •  •  • 


+1 


~I 


+1 


•      • 


—I 

+1 


•  •  •         •  •  •         a 


+1 


—I 


—I 

+1    -I 

-f-I 


—I 

+1 


•  •  «      •  • 


•  •  •      •  ■ 


—I 


+1 


—I 

+1 


—I 

—I 

+1    +1 


—I 


+1 


—I 
4 1 


■       • 


—I 

-i-I 


•  •     •  •  < 


—I 
+1 


•  •  •      •  •  • 


Correlate  equations— CotAitm^ 

Correc- 
tions. 

c, 

Cts 

C19                  Cao                Cai 

C99 

Ca3 

Ca4 

c« 

C.6 

(0 

-0-53 

(^) 

-f       2-05 

- 

(3) 

-3*13 

+  3*13 

(4) 

+  087 

-f  0  -87    +3  -66 

-  8-94 

(5) 

-  I  "93 

+  5  -81     . 
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Correc-i 
tions. 


Cx7 


C18 


FIGURE  ADJUSTMENT— continued. 
Correlate  equations— Comig\eX.eA. 

Cz9  Cao  Caj  Caa  C33 


C.4 


Cs 


C36 


(6) 
f7) 
(8) 
(9) 

(lO) 

(II) 

(") 

(13) 

(14) 

(15) 
(16) 

('7) 
(18) 

(19) 
(ao) 

(21) 
(") 

(23) 

(24) 

(»5) 
(26) 

(27) 

(28) 

(29) 
(30) 

(31) 
(32) 
(33) 
(34) 
(35) 
(36) 
(37) 
(38) 

(39) 
(40) 

(41) 
(42) 
(43) 
(44) 
(45) 
(46) 


+  r-o6 


—  2 '92 


-  2  33 
-r  3*36 

—  I'oa 


+  0*92 
—  4-28 

+  3-3^ 


-f-        0*92 

-     I '95 


-h     1*03 


—  12-48 
+  18-44 

—  596 


—2-05 
+578 

-3  73 


+3  79 

—1-42 

-6-63 

+  2-84    +5*69 

-4-27 


+  4*37 

+  578 

-10-55 

+  6 -18 

+  98-10 

—  9-00 

— loi  32 

+   3*22 

+  12-48 
-12-77 

+      3*22 

+  0-29 


+  0-78 


+  8-68 
-  9 '46 


-  1-88 
+ 10  -56 
-8-68 


-7-88 
+8-00 

— 0-I2 


+  8-68 
-16-68 
+  8-00 


-  3*82 
+  4 '93 


—  4  "34 

+  4-93 

—  10-00 

+  11-77     -  0-59 

-  1-77 


—  I  -II 


—  0-32 


-  8-03 

+ 10  -87 


+2-08 


—2 -11 


+  2-93 
—  5'04 

+  2  -II 


—  2-84    +16 -02 
-1570 


+0-03 


+     8-03 

-215  '63 
—  2-90    +207-60 

-18-60 
+1570 


+  8-27 
—12-05 
+  378 


+  6-06 
—10-31 
+  4*25 
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FIGURE  ADJUSTMENT — continued. 
Normal  equations. 


c. 

c      c,   ,  c. 

C5 

C6 

c, 

Cs 

•   >  • 

C9 

Co 

Q^^ 

0=-j-0  '20 

+6 

«•■                              ■••                              ■■• 

•  •  ■ 

•     •     ■ 

•     •     • 

•  •  • 

•  •  • 

9    •     m 

— 0-23 

+6 

—2 

4-2 

+2 

4-2 

-f2 

-^2 

-I -17 

+6 

—  2 

« 

—  2 

+0-S9 

+6 

—2 

-|-o*io 

•  •  > 

•     ••                                     •••                                     «•• 

-1-6 

•    •    • 

•    •    • 

+  2 

•  •  • 

•    •    • 

—2 

-f2  7I 

+6 

—  2 

0-66 

4-6 

+  2 

4-2 

— o*i4 

4-6 

4-2 

-1-83 

+6 

-1-34 

•  •  • 

•     ••                                     ••■                                     ••■ 

•  •  • 

•      •    *• 

■  •  • 

•  •  • 

•      •      • 

4-6 

—2 

0-48 

-h6 

Normal  equations— Continued., 

c„ 

c,       c„ 

Cs 

C.6 

C.7 

C,8 

C^, 

--   0'20 
—   023 

— 2 

+2              — 2 

— 2 

4-2 

—2 

1  • 

—2 

1    ^ 

4-  8 

•94 

+  2-33 

-  I -17 

-  4 

•89 

4-  I '45 

+  0-89 

—  2 

-1-  3 '62 

—  o-8o 

+   O'lO 

•  •  • 

—2              —2 

+2 

■    ■    • 

-  4 

•06 

-  9-46 

4-1177 

-f  271 

4-  3 

•82 

—  7-00 

-  1-45 

-  066 

—2 

—  2 

4-  I 

•06 

4-20*20 

—  0*14 

—2 

—2              —2 

4-  I 

•06 

-12-45 

-  1-83 

-f2 

—2 

—  3 '62 

4-16*02 

-  1*34 

1 

—2 

•    •    •                            •    ■    ■ 

•  •   • 

•    ■    • 

-17 '33 

4-  2-33 

—  048 

—2 

4-19*07 

o=-f  0  75 

+6 

—  2 

—2 

—  I 

•06 

-  2-33 

-  0-34 

+6          +2 

+2 

-h  9-46 

-  1-25 

+6 

+2 

4-  9*46 

-18-44 

-^  0*19 

•      •      • 

*  •  •                     •  *  • 

4-6 

•    •    ■ 

-  4 

•06 

-  4-04 

-f  0702 

+6 

—10-87 

~  1-3 

4-273  '619 

-57 

4-373  '925 

-45  '497 

~45"4 

4- 

I  276*204 
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FIGURE  ADJUSTMENT --completed. 
Normal  eguaiions— Completed. 


c« 

c,» 

c„ 

C.3 

Ca4 

C^s 

c^ 

4-   0*20 

-  3*37 

—  II  -64 

—    9*00 

-     4-08 

— loi  -32 

—  0*23 

+5    -48 

-3-66 

-h  8-94 

+  4*28 

+     I '95 

-  :-i7 

" 

-f  208 

+  6-59 

+  0-89 

376 

—  1-30 

+     9*05 

-f    O'lO 

13*50 

+  3-66 

-  7-88 

-  8-94 

-16-68 

-f  271 

-f  4-34 

—  2 -08 

+  5*04 

+     7-00 

-  0-66 

—  2  -92 

-f    I  '02 

—    I  '02 

4-  4-28 

—220  -68 

—  0*14 

—24  '21 

-  7*88 

-17-72 

+     1*95 

-  1*83 

+    2*22 

-f-  2  -22 

-    4  77  . 

—  109-50 

-  I'M 

—    2  -92 

t         •    •    •    •    • 

-f   0-25 

4-  4-28 

+     1*95 

~  0-48 

+  4-06 

-  3*66 

-  1-62 

+  075 

-f-  2  92 

+  3  73 

-f    7 '02 

+101  -67 

-  034 

+  1073 

-f  6-37 

+    990 

+  10  "55 

— loi  -32 

-  1*25 

-fi0  73 

t    3*37 

-M4-87 

+16 -68 

-  12-77 

4-  0-19 

—  4-06 

-ri3-66 

+  5-69 

-  8-94 

+  0702 

—    I  '02 

3  73 

-r  I  '02 

—  9-00 

—    3*28 

+223  -81 

-  I  "3 

-f38  -545 

-f  3  -184 

—  130-986 

-  57 

+173  774 

—22-936 

4-74*545 

+22  -936 

+254  -397 

+  52  -824 

—2  404-896 

45*4 

-     6*944 

—  8  921 

-26-185 

-r  I  -613 

-935  -691 

0=      6-1 

+247  '365 

f  3  -184 
+98  639 

+68-398 

—  7  778 

+236  -443 

-  7-6 

4-i6-i6o 

-57  '453 

+  47770 

+454  '979 

'  —    2*2 

+230-258 

+  262-417 

-  53  052 

+377  '924 

-  8-6 

+322  997 

-454  '979 

-  6-2 

+572  796 

-  60  979 

+931  '441 

+17-6 
-917 

+  1  088-359 

+  1  208*298 
+  109  563*9^ 

• 

Resulting,  values  0/ correlates  and  0/ corrections  to  angular  directions. 


CORREI«ATBS. 


C,=+o  -198  7 

Ca=— 0-217  3 
C3=— O  -088  O 

C4=+o-562  2 

C5=+o  -543  3 
C6=-o-577  8 
Cy=— o  -608  o 


C  8=+o  -016  9 
C  9=+o  -617  2 
C,o=+o-792  6 
Cx=+o-i29  o 
Cx9=— 0-132  8 
Cx3=-o  -292  5 
Cx4=+i  -024  8 


C,5= -0-825  8 
C,6=— 0-113  3 
C,7=+o-ii7  13 
C,8=+o  -090  58 

C,9=+ 0-009   52 

C»=— o  -024  39 


Ca,=+0-259    14 

C„=— o  -028  55 

Ca3=+0-I24  43 
Ca4=— 0-022  55 
€35=— 0*040    16 

C,6=+o-oo2  686 
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Resulting  values  0/ correlates  and  0/ corrections  to  angular  directions— Comyleted. 


CORRECTIONS. 

// 

// 

// 

// 

(i: 

)=-o-i37  7                    ( 

;i3)=+o-792  6 

(25)=    o*497  5 

(36: 

)=+o-452  6 

(»: 

)=-{-0*I22    I                            1 

;i4)=    0-315  7 

(26)==-{-o-3i6  0 

(37: 

) =+0-398  6 

(3: 

|=-fO'C72    I                            ( 

;i5)=-o-i96  4 

(27)=— 0 -216  0 

(38: 

)=-f-o-675  7 

(4; 

)=-o-277  5                   ( 

;i6)=-|-o-746  0 

(28)=— 0-084  0 

(39; 

)=— 0-372  6 

(5: 

)=— 0-166  8                    1 

;i7)=    00369 

(29)— f 0*466  0 

(40; 

(=—0-289  2 

(6, 

)=+o-3i2  3                    \ 

[i8)=— 0*197  0 

(3o)=+o  "453  6 

(41; 

)=-i-o-697  2 

(7: 

) =+0-074  3                    ( 

^19)=— 0-200  0 

(3i)=4-o'65i  4 

(42; 

)  =  — 0-2I0  0 

(s; 

)—- fo-ii4  5                    ( 

'20) — [-0*266  3 

(32)=— 0-921  0 

(43; 

)—- {-0*176  I 

(9; 

i=— 0-236  8                   1 

>i)=-o-949  I 

(33)-+o-669  8 

(44; 

)=+o*oo6  2 

(10: 

l=-f  0-245  4                   1 

;22)— fo*573  8 

(34)=    0  -506  6 

{45: 

l=— 0*623  I 

("] 

l=— 0-I20   7                          1 

[23)=-fo-309  0 

(35)=-o-347  0 

(46; 

l=-fo-44o  8 

("; 

)=-o795  I                   i 

^24)=-fo-oi5  7 

CHECK. 

2pvv=S'^yi  7 

CHECK. 

2  of-|-corrections= 

=8  -372  4 

— 

-[2e'C]=8-932  7 

2  of— corrections= 

=8  -372  4 

Mean  error  of  an  observed  direction  w,  =  wL^— *^J  =  dz  0^^*59  where  n=  number  of  conditions. 
Mean  error  of  an  angle  w  ^  =  w,  \/2  =  d=  0*83;  also  probable  error  of  the  same  =  di  0^^*56. 


TRIANGLES  OF  THE  VERSAILLES  BASE  NET,  MISSOURI,  1879-1880. 


No. 


Stations. 


Observed  angles. 


I  - 


o  /  // 

Hughes  33  10  5059 

Versailles  North  Base      80  28  22  '95 

Hunter  66  20  47  -45 


00 '99 

Cole  13    37    32 '17 

Hunter  32    02    47  -08 

Versailles  North  Base    134     19    40  '85 


00  TO 
28  22  52  -82 
98  23  34  '53 
53     13    3372 


01  07 

Cole  14    45    20*65 

4  ^   Versailles  North  Base    145     11     56  '20 

Hughes  20    02     43  *I3 


Hubbard 

Cole 

Versailles  North  Base 


59*98 
55  58  59-68 
86  48  07*58 
37     12     52  04 

59  "30 


Correc- 
tions. 

// 
— o*i6 

—0*24 
-0-35 


-o  -53 

4-0  -48 
-}-o  19 

—0*40 

-1-0-13 

0*00 

-fo-13 
-{  o  05 
4-0 -16 

-ho -31 
4  o  -68 
-^0-26 


Spher-  Spher- 
ical ical 
angles,  excess. 

//  // 

50  '43  o  *o8 

22-71  0*08 

47  -10  o  -08 

0*24 

31  -64  o  08 

47  *56  o  -08 

41  '04  o  08 


0*24 
52  -42  o  -26 
34*66  0*27 
33  -72    o  -27 


o*8o 
20  -78  o  'lO 
56*25  o-ii 
43-29    o-ii 


0*32 
59-99  0*18 

08*26    0*19 
52  -30    o  -18 

0-55 


Log  5. 

3  -883  312  3 

4  '139  070  5 
4*106  991  9 

3  -883  312  3 

4  -235  959  3 
4  *365  704  8 

4-139  070  5 
4  -457  394  6 
4  '365  704  8 

4*106  991  9 
4  '457  394  6 
4  -235  959  2 


4  235  959  3 

4*316  793  9 
4  '099  082  7 


Distance 
in  metres. 


7  643  -852 
13  774*33 

12  793  '58 

7  643  -852 
17  217  -07 
23  211  -58 

13  774*33 
28  667  -82 

23  211  -58 

12  793  '58 
28  667  -82. 
17  217  -07 

17  217  -07 
20  739  -29 
12  562-69 
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TRIANGLES  OF  THE  VERSAILLES  BASE  NET,   MISSOURI,    1879-1880 — Continued. 


No. 

Stations. 

Observed  angles. 

Correc- 
tion. 

Spher- 
ical 
angles. 

Spher- 
ical 
excess. 

Log  J. 

Distance 
in  metres. 

0 

/ 

// 

ff 

/f 

// 

'  Hubbard 

82 

13 

13-27 

+0-04 

13*31 

0*29 

4  -457  394 

6 

28  667  *82 

6 

Cole 

72 

02 

46-93 

-fo-55 

47*48 

0*29 

4*439  731 

0 

27  525  *23 

^  Hughes 

25 

43 

59  96 

4-0-I2 

60  08 

0*29 
0*87 

4  *o99  082  6 

• 

12  562  *69 

00 -16 

'  Hubbard 

26 

14 

13*59 

—0*27 

13*32 

0-2I 

4  -106  991 

9 

12  793*58 

7 

Versailles  North  Base 

107 

59 

04*16 

— 0*2I 

03*95 

0*22 

4*439  731 

I 

27  525  *24 

,  Hughes 

45 

46 

43*09 

-fO*28 

43*37 

0*21 
0*64 

4  -316  793 

9 

20  739  *29 

00*84 

High  Point 

23 

06 

3087 

-j-0*20 

31*07 

012 

3  *883  312 

3 

7  643  *S52 

8 

Hunter 

89 

29 

18  05 

—0*56 

17*49 

0*I2 

4  -289  4S2 

7 

19  475  23 

Versailles  North  Base 

67 

24 

II  '20 
00 '12 

+0-59 

II  79 

o*ii 

0-35 

4*254  811 

0 

17  980  -88 

High  Point 

74 

19 

35*54 

+0*22 

35  76 

0*30 

4  365  704 

8 

23  211  *58 

9 

Hunter 

57 

26 

30*97 

—  I  -04 

29  93 

0*30 

4  307  97 

8 

20  319  *26 

Cole 

48 

13 

54*39 
00*90 

-ho -81 

55- 20 

0*29 

o*«9 

4  254  810 

9 

17  980*88 

High  Point 

39 

20 

03*02 

1*57 

01-45 

0-33 

4  -316  793  9 

20  739  *29 

10 

Versailles  North  Base 

104 

08 

21  -69 

—0-14 

21-55 

0-33 

4-501  457 

2 

31  729*06 

Hubbard 

36 

31 

36-47 

-1-52 

37*99 

0-33 
o*99 

4  -289  4S2 

9 

19  475  *24 

01 -18 

High  Point 

51 

13 

04-67 

-i-o*o2 

04  69 

026 

4  -235  959  3 

17  217  *o7 

II 

Versailles  North  Base 

66 

55 

29  65 

—0*40 

29  25 

0*26 

4  *307  907 

8 

20  319*26 

Cole 

61 

51 

26  56 

-fo*28 

26-84 

0*26 
078 

4  •2cS9  4S2 

8 

19  475  *24 

00 -88 

High  Point 

II 

53 

01  -65 

+  1*59 

03 -24 

0*11 

4  '099  0S2 

7 

12  562*69 

12 

Hubbard 

19 

27 

23-21 

-I  '21 

22  00 

0*12 

4  307  907 

8 

20  319*26 

Cole 

148 

39 

34-14 
59  00 

—0*96 

35*10 

O'll 

0  -34 

4*501  457 

I 

31  729*05 

Christian 

30 

12 

30-25 

~i*o8 

29*17 

019 

4*254  811 

0 

17  980*88 

13 

High  Point 

124 

15 

59*27 

—0*96 

58-31 

0*20 

4  470  327 

7 

29  534  *37 

Hunter 

25 

31 

33*77 

—0*67 

33 -lo 

0*19 

0*58 

4  -187  515 

2 

15  399  '80 

03  29 

Christian 

44 

54 

30  92 

-0-77 

30-15 

0*25 

4  '289  482 

8 

19  475  *24 

14  . 

High  Point 

lOI 

09 

28*40 

-1*15 

27*25 

0*25 

4  *432  406 

7 

27  064  *92 

Versailles  North  Base 

33 

56 

03-70 

-o*35 

03*35 

0-35 
0-75 

4*187  515 

I 

15  399 '80 

03  02 

18732     No.  4 

-16 
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TRIANGI^ES  OF  THB  VERSAII<I.ES  BASE  NET,  MISSOURI,    1879-1880— Continued. 

Correc-     ^P^^^"      Spher- 
Stations.  Observed  anjjles.         ^. "       ical  ical  lyog  s. 


tion. 


angles,      excess. 


// 


15 


16 


Christian 
High  Point 
Cole 

Christian 
High  Point 
Hubbard 


81  30  23  -13 
49  56  2373 
48    33     15 'M 


02  'oo 
89  08  40  "05 
6r  49  25-38 
29    01     56  '61 


17  - 


02  "04 
Christian  14    42    co'67 

Hunter  63     57     44  '28 

Versailles  North  Base    loi     20     14  "90 


18 


19 


Christian 

Hunter 

Hughes 

Christian 

Hunter 

Cole 


59-85 

15     16    52  -58 

130     18     31  73 

34     24    37-26 


01 '57 
51     17    52  -88 

31     54    57-20 

96    47    09-53 


20  ' 


21 


59-61 
Christian  o    34    51  '91 

Versailles  North  Base    178     11     22*15 
Hughes  I     13     46-67 

00-73 
Christian  36    35     52-21 

Versailles  North  Base      32     59     25  -95 
Cole  no    24    41  -70 


22  < 


Christian 

Versailles  North  Base 

Hubbard 


59-86 
44  14  09-13 
70     12     17  -99 

65     33     33  'oS 


(   Christian 
.^  j   Hughes 
[  Cole 


00  -20 

36    01     00  -30 

18    48    56-46 

125     10    02  -35 

59'" 


// 


// 


// 


-o  -61  39  -44 

-1-0  -41  25  -79 

-o  75  55  -86 

-f-o  -30  00  -97 

-f-OI2  44*40 

-fo-24  15-14 

-f  o  -39  52  -97 

— o"23  31  50 

— o  '94  36  -32 

-^  I  '37  54  '25 

— o  -36  56  -84 

-ho  -30  09  83 


0-61 
0-37 

0-36 
0-36 

I  -09 
0*17 
0-17 
0-17 

0-51 
0-26 
0-27 
o  -26 


079 

0-31 

0-30 
0-31 


0*92 
o  -083     51  993     o  -009 
-0  -002     22  148    o  •fx)9 
-0  -783     45  -S87     o  -oio 


-t- 1  -07 
—0-05 
'  —0*24 

t  0-16 

-I-0-2I 

-fo-77 


53-28 

25  90 
41  -46 

09  -29 
18  -20 
33/85 


o  -028 

0-2I 
0-21 
0-22 


0*64 
0-44 

0-45 

o'45 


-ro  '99      01  -29 

to -94       5740 
— o'lo      02*25 


I  '34 
0-31 

0-31 

032 


0*94 


4 '501  457  2 
4  446  727  5 
4  -187  515  2 

3-883  312  3 
4  -432  406  9 
4  -470  327  7 

4  '139  070  5 
4  -600  473  6 

4  '470  327  7 

4  '365  704  8 
4*196  566  3 
4  -470  327  6 

4  -106  991  9 
4  -600  473  7 
4  432  406  9 

4  -^35  959  3 
4  -196  566  4 
4  -432  406  8 

4-316  793  9 
4  -446  727  6 
4  -432  406  9 


Distance 
in  metres. 


4-0 '30  23-43  0-21  I  4-307  907  8  20  319-26 
—  1-18  2255  0-20  4-1965664  15  72412 
--0-51       14-63      0-20      14-1875152        15399*80 


31  729*06 
27  972  '26 

15  399  '80 

7  643  -852 
27  064  -93 
29  534  '37 

13  774*33 
39  854  -16 
29  534  '37 

23  211-58 
15  724-12 
29  534  -36 

12  793  '58 
39  854  *i7 
27  064  -93 

17  217  -07 
15  724-12 
27  064-92 

20  739  -29 
27  972  -26 
27  064-93 


4  "457  394  6  28  667  -82 
4-196  566  3  15  724-12 
4  -600  473  6    39  854  -16 
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TRIANGI^ES  OF  THE  VERSAILI.ES  BASE   NET,  MISSOURI,  1879-1880 — completed. 


No. 

Stations.             ( 

Observed 

angles. 

tions. 

ical 

ical 

Log  J. 

Distance 

angles. 

excess. 

in  metres. 

0 

/ 

// 

// 

// 

// 

Christian 

43 

39 

17  '22 

-fo*o8 

17 -30 

065 

4*439  731  I 

27  525  *24 

24 

Hughes 

44 

32 

56  42 

-ri  06 

57-48 

0*65 

4  -446  727  5 

27  972  -26 

Hubbard 

91 

47 

46-67 
00*31 

-f  0  -50 

47-17 

065 
1*95 

4  -600  473  7 

39  854  *I7 

Christian 

7 

38 

16*92 

—0*91 

16 'OI 

0*05 

4  -099  082  7 

12  562*69 

25 

Cole 

162 

47 

10*72 

-0-45 

10*27 

005 

4  -446  727  5 

27  972  *26 

Hubbard 

9 

34 

33*40 
01  '04 

-fo-47 

33  -87 

005 
0*15 

4  *i96  566  4 

15  724-12 

Belshe 

9 

54 

34-86 

—0*17 

34-69 

o*iS 

3  -883  312  3 

7  643  -852 

26 

Hunter 

122 

37 

04*11 

-rio3 

05-14 

018 

4  -573  004  7 

37  411-47 

Versailles  North  Base 

47 

28 

20  23 
59*20 

-ro-48 

20*71 

0*18 
054 

4  -514  985  7 

32  732  '99 

Belshe 

29 

04 

26*24 

—0*80 

25-44 

0*27 

4*254  811  0 

17  980-88 

27 

Hunter 

33 

07 

46  06 

+  1-59 

47-65 

0*28 

4  -305  854  4 

20  223  41 

High  Point 

117 

47 

46-93 
59  23 

-fo*8o 

47*73 

027 
0*82 

4*514  985  6 

32  732  -98 

Belshe 

55 

26 

52-97 

—0*26 

53-23 

0  -70 

4  -470  327  7 

29  534  '37 

28 

Hunter 

58 

39 

19-83 

+0*92 

20  75 

0*70 

4  *486  09T  7 

30  626  -lo 

Christian 

65 

53 

49  25 
02*05 

I-I3 

48*12 

0*70 

2  'lO 

4  -514  985  6 

32  732  -98 

Belshe 

19 

09 

51-38 

—0*63 

5075 

0*2I 

4  *289  482  8 

19  475  *24 

29 

Versailles  North  Base 

19 

55 

50-97 

-i-o*ii 

51-08 

0*21 

4  -305  854  3 

20  223  -40 

.  High  Point 

140 

54 

17*80 
00*15 

-j-i  *oo 

18 -So 

0*21 
0*63 

4  -573  004  5 

37  411-45 

Belshe 

45 

32 

18 -11 

-jo -44 

18*55 

0*69 

4  *432  406  8 

27  064  *92 

30 

Versailles  North  Base 

53 

51 

54  67 

—0*24 

54-43 

0*69 

4  *486  091  7 

30  626  *IO 

Christian 

80 

35 

49  92 
02  *7o 

—0*82 

49*  10 

0*70 
2*08 

4  -573  004  5 

37  4ir*45 

'  Belshe 

26 

22 

2673 

-fi-o6 

27*79 

0*24 

4-187  515  2 

15  399 '80 

31 

High  Point 

117 

56 

13-80 

-fo*i6 

13-96 

023 

4  *486  091  6 

30  626*09 

Christian 

35 

41 

i9-(« 
59 '53 

—0*05 

18-95 

0*23 
070 

4  -305  854  2 

20  223  -40 
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PROBABI«B  ERRORS. 

Determination  of  the  probable  errors  of  the  length  of  the  sides  of  the  base  net  making  the  connection 

with  the  adjacent  chains  of  triangulation. 

The  side  Christian  to  Belshe  is  connected  with  the  base  by  the  equation — 

Christian  to  Belshe        sin  (13  --  ii)  sin  (6  --  3) 
Versailles  Base  sin  (46  —  43)  sin  39  —  38) 

Hence  the  function — 

7^=  log  sin  (13— n)  -r  log  sin  (6  —  3)  —  log  sin  (46-43)  -log  sin  (39  —  38) 
Establishing  and  solv'ing  the  transfer  equations,  we  find  for  the  reciprocal  of  the 

weight  or ->5=  16 '66;  also  the  mean  error  ;«f.and  the  probable  error  rjr,  both  expressed 

in   units  of    the   sixth    place  of   decimals    of   the    logarithm,  viz:  Wi?=it2'39  and 

rF  =  d=i*6i;  hence   log.  distance    Christian   to  Belshe    4*486  091  7  and  the  distance 

=b  I  6 

30  626' 10  metres.     The  probable  error  is  about2  7o^ooix  o^  the  length, 
it  II 
To  this  must  be  added  the  uncertainty  due  to  the  base  measure  or — 

30  626 

d:0"008  X  "t-T— 7  =  ±0*032. 

7  644 


Then  total  probable  error  of  side  Christian  to  Belshe — 

V(*iO''+ (o~032)'=  zho*i2  metre. 

The  side  Hubbard  to  Hughes  is  connected  with  the  base  by  the  equation — 

Hubbard  to  Hughes  sin  ( i  —  7)  sin  (9  —  8) 

Versailles  Base  sin  (23  —  22)  sin  ( 18  —  17) 

Take    the  function  F—  log  sin   (i  —  7)  +  log    sin  (9  —  8)  —  log  sin   (23  —  22) 

—  log  sin  (18  —  17),  then^  =9'97  andw?F=  db  1*85    and  r^  —  ±L  1*25;  hence  log.  dis- 
tance Hubbard  to  Hughes  4439  731  i  and  length  of  side  =  27  525*24  metres.     The 

zb        I  2  ±08 

probable  error  is  about  344^000  P^^^  ^^  ^^  length. 

Adding  to  this  the  uncertainty  arising  from  that  of  the  base  or — 

27  525 

d=o*oo8  X       ?      —  zfc  0*022, 

7  644 

we  have  for  the  probable  error  of  the  length  of  side  Hubbard  to  Hughes — 

V('o8)"+  (0*022)'  —  =ho*o8  metre. 
Similarly  we  obtain  the  probable  error  of  the  side  Christian  to  High  Point — 

V(  -053)'+  ('016)'  =  ±  0*06  metre. 
Also  probable  error  of  side  High  Point  to  Belshe — 

V(*o7)'+  ('02  1)'  —  it  0*08  metre. 
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GBNBRAI«  DESCRIPTION  OP  STATIONS  FORMING  THE  VERSAIIXES  BASE  NET,   MISSOURI. 

Versailles  North  Base,  Morgan  County;  established  by  J.  A.Sullivan  in  1878.  This 
station  is  situated  about  5  miles  north-northeast  of  Versailles,  in  the  southern  part  of 
the  west  half  of  the  southwest  quarter  of  section  9,  township  43  north,  range  17  west  of 
the  fifth  principal  meridian,  on  land  owned  by  Moses  H.  Tipton. 

The  geodetic  point  is  marked  by  the  intersection  of  cross  lines  on  a  copper  bolt,  set 
in  the  top  of  a  rough-dressed  sandstone  block,  11  inches  square  and  21^  inches  loqg, 
set  in  cement  and  concrete  20  inches  below  the  surface  of  the  ground. 

The  surface  mark  is  a  block  of  similar  stone,  25 J^  inches  square  and  loj^  inches 
thick,  set  in  concrete  and  cement  directly  over  the  subsurface  mark.  It  bears  the 
inscription  *'U.S.C.&G.S.i897,"  cut  on  its  top  surface,  and  has  a  copper  bolt  and 
cross  lines  in  the  center. 

As  reference  marks,  two  stone  posts,  5  inches  square  and  marked  with  a  single 
cross  line  and  arrowhead  pointing  toward  the  station,  were  set,  one  north  and  one 
south,  each  5  feet  distant  from  the  geodetic  point. 

Hunter-  Versailles  South  Base,  Morgan  County;  estabUshed  by  J.  A.  Sullivan  in 
1878.  This  station  is  situated  4  miles  east  of  Versailles,  in  Moreau  Township.  It  is  in 
the  southeast  half  of  the  southwest  quarter  of  section  2,  township  42  north,  range  17 
west  of  the  fifth  principal  meridian,  on  land  owned  (1897)  by  the  estate  of  D.  C.  Dale. 
The  geodetic  point  is  marked  by  the  intersection  of  cross  lines  on  a  copper  bolt  set  in 
the  top  of  a  rough-dressed  sandstone  block,  11  inches  square  and  2154^  inches  long,  set 
in  concrete  and  cement  i3j^  inches  below  the  surface  of  the  ground.  The  surface 
mark  is  a  block  of  similar  stone,  25 >^  inches  square  and  9^^  inches  thick,  set  in  con- 
crete and  cement  directly  over  the  subsurface  mark,  with  a  copper  bolt  and  cross  lines 
in  the  center,  and  having  the  inscription  **U.S.C.&G.S.i897,''  cut  on  its  top  surface. 
As  reference  marks,  two  stone  posts,  5  inches  square  and  marked  with  a  single  cross 
line  and  arrowhead  pointing  toward  the  station,  were  set,  one  north  and  one  south, 
each  5  feet  distant  from  the  geodetic  point. 

Hughes,  Morgan  County;  established  by  J.  A.  Sullivan  in  1878.  This  station  is 
situated  about  5  miles  nearly  due  west  of  Versailles,  on  the  Warsaw  road.  It  is  near 
the  center  of  section  5,  township  42  north,  range  18  west  of  the  fifth  principal  meridian, 
on  laud  owned  by  Mr.  Robert  Hughes. 

The  geodetic  point  is  marked  underground  by  a  bottle  filled  with  ashes  and  buried 
2  feet  6  inches  below  the  surface.  The  surface  mark  is  a  stone  post  6  inches  square  and 
2  feet  long,  marked  with  two  rectangular  grooves  and  the  letters  U.S.C.S.  As  reference 
marks,  two  stone  posts,  5  inches  square  and  marked  with  a  single  cross  line  and  arrow- 
head pointing  toward  the  station,  were  set,  one  north  and  one  south,  each  5  feet 
distant  from  the  geodetic  point. 

Cole,  Moniteau  County;  established  by  J.  A.  Sullivan  in  1879.  This  station  is 
situated  about  3  miles  east-southeast  of  Tipton  and  is  known  as  the  "Old  Windmill," 
on  land  owned  by  Mrs.  S.  F.  Cole.  It  is  in  the  northern  part  of  section  30,  township 
45  north,  range  16  west  of  the  fiftb  principal  meridian.  The  geodetic  point  is  marked 
underground  by  a  bottle  filled  with  ashes,  over  which  was  placed  as  a  surface  mark  a 
stone  post,  6  inches  square  and  2  feet  long,  marked  on  the  top  with  two  rectangular 
grooves  and  the  letters  U.S.C.S.     As  reference  marks,  two  stone  posts,  5  inches  square 
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and  marked  with  a  single  cross  line  and  arrowhead  pointing  toward  the  station,  were 
set,  one  north  and  one  south,  each  4  feet  distant  from  the  geodetic  point. 

Hubbard,  Morgan  County;  established  by  J.  A.  Sullivan  in  1878.  This  station  is 
situated  about  three-fourths  mile  northeast  of  S5nracuse,  on  land  owned  by  Mr.  Joel 
Hubbard.  It  is  near  the  center  of  the  southeast  quarter  of  section  11,  township  45 
north,  range  18  west  of  the  fifth  principal  meridian.  The  geodetic  point  is  marked 
underground  by  a  bottle  filled  with  ashes,  over  which  was  placed  as  a  surface  mark  a 
stone  post,  6  inches  square  and  2  feet  long,  marked  on  the  top  with  two  rectangular 
grooves  and  the  letters  U.S.C.S.  As  reference  marks,  two  stone  posts  were  set,  5 
inches  square  and  marked  with  a  single  cross  line  and  arrowhead,  pointing  toward  the 
station,  one  north  and  one  south,  each  5  feet  distant  from  the  geodetic  point. 

Christian,  Moniteau  County;  established  by  J.  A.  Sullivan  in  1878.  This  station 
is  situated  about  a  mile  east-southeast  of  the  court-house,  in  the  town  of  California,  on 
land  belonging  to  the  minor  heirs  of  J.  J.  Christian.  It  is  just  east  of  the  center  of  the 
southern  edge  of  the  northeast  quarter  of  section  27,  township  45  north,  range  15  west 
of  the  fifth  principal  meridian,  on  a  narrow  strip  of  land — an  open  field — between  the 
Missouri  Pacific  Railroad  and  the  ** State  road,'*  from  Jefferson  City;  about  75  yards 
south  of  the  former  and  about  40  north  of  the  latter.  The  Christian  house,  a  two- 
story  brick,  is  about  300  yards  east -northeast,  and  the  house  of  H.  Boepler  about  150 
yards  southwest  of  the  station.  The  geodetic  point  is  marked  underground  by  a  bottle 
filled  with  ashes,  over  which  was  placed  as  a  surface  mark  a  stone  post,  6  inches  square 
and  2  feet  long,  marked  on  the  top  with  two  rectangular  grooves  and  the  letters 
U.S.C.S.  As  reference  marks,  two  stone  posts  were  set,  5  inches  square,  and  marked 
with  a  single  cross  line  and  arrowhead,  pointing  toward  the  station,  one  north  and  one 
south,  each  5  feet  distant  from  the  station  point. 

High  Point,  Moniteau  County;  established  by  J.  A.  Sullivan  in  1878.  This 
station  is  situated  one-half  mile  northeast  of  the  village  of  High  Point,  in  the  southern 
part  of  Moniteau  County;  near  the  middle  of  the  southern  edge  of  the  western  half  of 
section  9,  township  43  north,  range  15  west  of  the  fifth  principal  meridian,  on  land 
belonging  to  the  undivided  estate  of  George  Radcliff,  sr.  The  nearest  railroad  station 
is  California,  on  the  Missouri  Pacific  Railroad,  distant  12  miles,  nearly  due  north.  The 
geodetic  point  is  marked  underground  by  a  bottle  filled  with  ashes,  over  which  as  a 
surface  mark  was  placed  a  stone  post,  6  inches  square  and  2  feet  long,  marked  on  the 
top  with  two  rectangular  grooves  and  the  letters  U.S.C.S.  As  reference  marks,  two 
stone  posts,  5  inches  square  and  marked  with  a  single  diagonal  groove  and  arrowhead, 
pointing  toward  the  station,  were  set,  one  north  and  one  south,  each  5  feet  distant  from 
the  geodetic  point. 

Belshe,  Cole  County;  established  by  J.  A.  SuUivan  in  1878.  This  station  is  situ- 
ated in  the  southwest  part  of  Cole  County,  on  the  road  from  Jefferson  City  to  Tus- 
cumbia,  Miller  County,  and  about  50  yards  east  of  the  line  between  Cole  and  Miller 
counties.  It  is  i  mile  southeast  of  Spring  Garden  Hill  and  about  one-half  mile  north- 
east of  I/xnist  Mound  post-ofl5ce.  Miller  County.  The  nearest  railroad  station  is 
Centertown,  on  the  Missouri  Pacific  Railroad,  distant  19  miles,  nearly  due  north.  It 
is  near  the  center  of  the  north  half  of  the  southwest  fractional  quarter  of  section  19, 
township  42  north,  range  13  west  of  the  fifth  principal  meridian;  in  the  yard  of  August 
Pfitzer's  house,  and  26*1  feet  from  the  northeast  corner.     The  geodetic  point  is  marked 
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underground  by  a  bottle  filled  with  ashes,  over  which  was  placed  as  a  surface  mark  a 
stone  post,  6  inches  square  and  2  feet  long,  marked  on  the  top  with  two  rectangular 
grooves  and  the  letters  U.S.C.S.  As  reference  marks,  two  stone  posts,  5  inches  square 
and  marked  with  a  single  diagonal  groove  and  arrowhead,  pointing  toward  the  station, 
were  set,  one  north  and  one  south,  each  5  feet  distant  from  the  geodetic  point. 

(3.)    SYNOPSIS    OF    FACTS    AND     RESULTS    RELATIVE   TO   PRECEDING   BASE   LINES   AND 

BASE   NETS. 


[The  bases  are 

given  here  in  their 

geographic  o 

irder  f  roTii 

east  to  west.] 

Preceding 
No.  of  base. 

Name  of  base. 

SUtr. 

Height 

above 

ocean. 

Approx- 
imate     Length  of 
length  of    base  and 
base  in      probable 
statute         error, 
miles. 

• 

Probable 
error  in 
parts  of 

the  base. 

Logarithm 

of  Itngth 

of  1-ase. 

Num- 
ber of 
sta- 
tions 
in  net. 

Num- 
berof 
condi- 
tions 
in  net. 

Mean 
error  of 
an  ob- 
served 
hori- 
xontal 
angle. 

M. 

m. 

tt 

I 

1 

Kent  Island 

Maryland 

5 

5-398 

'  ""''m  I 

imVbb* 

3  -938  897  05 
±  3  40 

9 

13 

±0-87 

1 

t 

St.  Albans 

West  Virginia 

iSo 

2  "405 

3  870-402  8 

:J-    3  5 

T"TneTJW 

3-587  756  17 
±      39 

13 

30 

±0-98 

6| 

Holton 

Indiana 

2^4 

3 -418 

5  500  -570  0 
±40 

1  jriimuf 

3  -740  407  70 
±      32 

9 

15 

•0-71 

3! 

Olney 

Illinois 

14S 

4-095 

6  590 '7S0  4 
^  89 

rivhim 

3-8x8  936  84 
i      59 

It 

32 

±061 

3 

American  Bottom 

Illinois 

133 

4  -5^5 

72668837 

±30  6 

ans^oiT* 

3-861   348  31 

±  1 23 

8 

16 

±1-72 

10! 

1 

Versailles 

Missouri 

3" 

4-750 

7  643  -852  5 
db  8  0 

vvtihnx! 

3  883  31230 
±      46 

8 

26 

±0-83 

1 

8 

1 

1 

Satina 

Kansas 

370 

4  071 

6  552-446  2 
±  63 

tftih'jivn 

3  -8x6  403  46 
±       42 

7 

J3 

±0-92 

4! 

El  Paso 

Colorado 

2  063 

7-015 

II  289  176  4 
±15  0 

7jn\ittJS 

4  052  662  36 

±    58 

6 

14 

±0-84 

9 1 

1 

Salt  Lake 

Utah 

I  297 

6-958 

11  198  676  9 

rf-    7  0 

T  Boi  onJi 

4  -049  166  73 

±       37 

ID 

30 

±0  67 

5 

1 

Yolo 

California 

27 

10 -866 

17  486-5x1  9 
±16  3 

Tvrixnv 

4-242  703  X9 
±      40 

/ 

17 

±0-51 

Sum 

53 '491 

86  086  km. 

88 

306 

♦  The  probable  error  is  to  a  great  extent  estimated. 
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II.  DETERMINATION  OF  HEIGHTS  OF  STATIONS. 


(A)  GENERAL  REMARKS. 

The  necessity  of  determining  the  elevations  of  points  in  the  triangulation  is  apparent 
from  what  has  been  stated.  These  elevations  were  required  in  the  preceding  part  in 
connection  with  base  lines,  whose  lengths  had  to  be  referred  to  the  same  level,  i.  e. ,  to 
the  equipotential  surface  or  an  imagined  continuation  of  the  average  level  of  the  ocean. 
Besides,  the  elevations  of  the  stations  located  at  the  higher  levels  must  be  known,  at 
least  approximately,  in  order  to  reduce  the  horizontal  angle  measures  to  what  they 
would  have  been  if  the  stations  observed  upon  had  been  at  the  sea  level.  This  reduction 
is  ordinarily  but  a  small  fraction  of  a  second  of  arc,  but  in  refined  work  can  not  l)e 
ignored.  Lastly,  from  a  geographic  point  of  view  the  third  or  height  coordinate  of  points 
in  the  triangulation  should  be  determined.  There  are,  however,  only  certain  parts  of 
the  triangulation  presenting  special  features,  for  which  it  is  desirable  here  to  furnish 
detailed  information.  For  the  foundation  of  the  hypsometric  measures  in  the  eastern 
part  of  the  Survey  we  have  a  continuous  line  of  spirit  levels  run  between  the  years 
1 878- 1 898,  commencing  at  the  Atlantic  coast,  with  its  principal  terminus  at  Sandy 
Hook,  New  Jersey,  and  its  two  southerly  connections  with  tidewater  at  the  Gulf  and 
extending  to  the  eastern  flank  of  the  Rocky  Mountains  at  Colorado  Springs,  Colorado.-'* 
With  this  line  occasional  connections  were  made  for  height  of  points  of  the  triangula- 
tion, though  in  general  but  few  observations  for  determining  the  height  of  triangulation 
stations  were  made  until  "  First  View,"  Colorado,  was  reached.  From  that  station  we 
have  a  continuous  and  complete  series  of  observations  of  zenith  distances,  or  of  micro- 
metric  differences  of  height  to  carry  the  height  determinations  to  * '  Mount  Diablo ' '  and 
**Ross  Mountain,"  in  California.  These  two  stations  were  connected  by  spirit  levels 
with  the  Pacific  Ocean.  It  is  contemplated,  ultimately,  to  carry  the  line  of  spirit  levels 
from  ocean  to  ocean,  but  in  order  not  to  delay  the  computation  and  publication  of  the 
results  of  the  triangulation  it  was  thought  expedient  and  sufficient  to  depend  for  heights 
upon  the  measures  of  zenith  distances  between  the  stations  stretching  from  Pikes  Peak 
to  the  California  Coast  Range. 

The  determination  of  heights  from  zenith  distances  and  from  niicrometric  measures 
of  difference  of  height  will  be  presented  under  the  following  heads:  The  heights  of 
principal  trigonometric  stations  in  eastern  Colorado  between  First  View  and  Pikes 
Peak;  the  heights  of  the  subordinate  trigonometric  stations  in  the  vicinity  of  the  Coast 
Range  of  California  from  Point  Arena  to  the  Yolo  Base;  the  heights  of  primar>'  trigono- 
metric  stations  on  the  Sierra   Nevada,  California,  from  measures  in  and  across  the 


*Th«  results  of  these  leveling  operations  will  be  found  in  Appendix  11,  Report  for  1882;  Appendix  14,  Report  18S7  ; 
Appendix  15,  Report  1889;  Appendix  2.  Report  1893;  Appendixes  2,3,4.  and  5,  Report  1896;  Appendix  4i  Report  1S97; 
and  Appendixes  i.  2,  and  3,  Report  1898. 
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Sacramento  and  San  Joaquin  Valleys;  the  heights  of  the  primary  trigonometric  stations 
in  Nevada,  Utah,  and  Colorado,  between  the  Sierra  Nevada  and  the  eastern  bank  of  the 
Rocky  Mountains  near  Pikes  Peak.  For  these  several  regions  full  information  will  be 
given  as  to  abstracts  of  resulting  zenith  distances  at  each  station,  with  adjustment  of 
the  individual  differences  of  height  and  final  results.  For  other  localities  where  heights 
are  desired  the  results  are  simply  stated. 
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Besides  the  measures  of  zenith  distances  and  micrometric  differences  of  height 
mentioned  above,  three  series  of  special  hourly  observations,  continued  for  a  number  of 
days,  were  made  for  the  purpose  of  elucidating  the  law  of  the  diurnal  variation  of  the 
atmospheric  refraction  and  consequent  variation  of  the  deduced  difference  of  height. 
Theyfrj/  series  conlprises  reciprocal  observations  at  Bodega  Head  and  Ross  Mountain, 
California,  made  on  6  days  in  March,  i860,  from  7th  hour  a.  m.  to  5th  hour  p.  m.  For 
record  and  discussion  see  Appendix  No.  16,  Coast  Survey  Report  for  1876.  The  second 
series  comprises  reciprocal  observations  at  Martinez  East  and  Mount  Diablo,  California, 
made  on  14  days  in  March  and  April,  1880,  hourly  from  midnight  to  midnight.  For 
record  and  discussion  see  Appendix  No.  12,  Goast  and  Geodetic  Survey  Report  for 
1883.  The  third  series  comprises  reciprocal  observations  at  Jackson  Butte  and  Round 
Top,  California,  made  hourly  on  14  days  in  September  and  October,  1879.  All  three 
series  were  made  under  the  direction  of  Assistant  G.  Davidson.  This  last  series  was 
discussed  and  made  ready  for  printing  by  the  writer  in  1884,  but  publication  was  delayed 
in  the  hope  of  having  supplied  a  line  of  spirit  levels  between  the  two  stations.  This 
paper  will  be  found  appended  to  the  present  discussion. 

For  the  .sake  of  easy  reference,  we  shall  give  here  in  tabular  form  and  also  exhibit 
by  diagrams  the  resulting  hourly  values  of  the  coefficient  of  refraction,*  m,  from  four 
experimental  series — i.  e. ,  the  three  referred  to  and  a  fourth  which  comprises  observa- 
tions of  the  zenith  distance  of  the  sea  level.     These  were  made  at  Ragged  Mountain, 

*  I'sually  denoted  by  k.  hut  in  the  Coast  and  (Geodetic  Survey  pajHrrs  the  (lesignatioii  m  (  -  }^k)  has  Inren  adopted. 
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on  the  coast  of  Maine,  by  Assistant  F.  W.  Perkins  on  27  days  at  irregular  hours,  but 
mostly  between  6th  hour  a.  m.  and  6th  hour  p.  m.  in  July,  August,  and  September. 
(See  Appendix  No.  17,  Report  for  1876.)  The  line  Bodega  Head  to  Ross  Mountain  is 
directly  on  the  Pacific  coast,  part  of  the  line  passing  over  the  ocean;  its  length  is  22 '48 
kilometres.  The  line  Martinez  East  to  Mount  Diablo,  although  50  kilometres  (31 
statute  miles)  inland,  is  still  under  the  direct  influence  of  the  winds  from  the  Pacific; 
its  length  is  24*26  kilometres.  The  line  Jackson  Butte,  to  Round  Top,  about  200  kilo- 
metres (124  miles)  from  the  coast,  is  affected  by  the  climatic  conditions  of  the  valley ; 
its  length  is  72 '37  kilometres.  The  elevations  of  the  two  stations  for  these  lines  are 
73  and  672  metres,  57  and  i  173  metres,  and  714  and  3  174  metres,  respectively.  The 
height  of  Ragged  Mountain  is  397  metres.  The  tabular  values  were  deduced  under 
the  supposition  of  equal  refraction  angles  at  lower  and  upper  stations. 


I.  HOURLY  VALUES  OF  THE  COEFFICIENT  OF 
REFRACTION  (m)  FROM  SPECIAL  (DBSER- 
VATIONS  OVER  FOUR  LINES  IN  CALIFORNIA 
AND   MAINE. 


Local  hour. 

Bodega 
Head  and 

Ross 
Mountain. 

Martinez 

Bast  and 

Mount 

Diablo. 

Jackson 

Butte  and 

Round 

Top. 

Sea  Horizi 
and 
Ragged 
Mountair 

Midnight 

0*109 

2 

0069  4 

0*098  0 

I  a.m. 

•III 

3 

•070  0 

•096  2 

2 

•112 

0 

•071    I 

•097  2 

3 

•"5 

5 

•068  9 

•095  9 

4 

•113 

I 

067  8 

0990 

5 

112 

6 

•069  7 

•084  6 

6 

t 

•108 

5 

•068  0. 

082  8 
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o'ii4 

•107 

I 

•068  4 

•083  6 

8 

•106 

*I02 

7 

•066   2 

079  6 

9 

•092 

•100 

3 

•062   7 

•073  9 

10 

•090 

•097 

0 

•059  8 

•070  6 

II 

•093 

•091 

5 

•057  4 

•070  7 

Noon 

•094 

•088 

I 

•056  4 

■c^7i  3 

I  p.m. 

•097 
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0 

•056  0 
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•099 
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2 
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•072  5 

3 
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0  "084  9 

2. 

DIURNAL   VARIATION  OF  CO- 

EFFICIENT     OF 

REFRAC- 

TION. 
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Maximum  and  minimum  values  of  the  hourly  variation  of  m  are  underlined.  The 
hourly  values  for  the  four  localities  are  plotted  in  the  accompanying  diagram  (No.  15). 
It  shows  that  the  refraction  is  greater  and  more  irregular  during  the  night  hours  than 
during  the  day;  the  maximum  value  is  reached  within  two  or  three  hours  from  midnight 
and  the  minimum  value  at  sometime  within  2  hours  from  noon — ^before  noon  at  the  coast 
stations  after  noon  at  the  interior  stations.  The  average  amount  (mean  of  24  hours)  is 
greater  the  nearer  the  line  of  sight  is  to  the  sea  level,  being  some  function  of  the  altitude. 
The  refraction  changes  but  little,  comparatively,  between  the  hours  of  10  a.  m.  and  5^^ 
p.  m.  and  the  intervening  time  is  best  suited  for  observing  zenith  distances  for  altitudes, 
so  far  as  refraction  is  concerned;  but  in  other  respects,  as  for  telescopic  visions,  the 
hours  about  noon  are  unfavorable  on  account  of  faint,  unsteady,  and  distorted  images 
being  then  more  prevalent.  The  diurnal  range  of  the  refraction  also  appears  greatest 
at  the  lowest  stations. 

(B)  DETERMINATION  OF  HEIGHTS  OF  PRINCIPAL  TRIGONOMETRIC 
STATIONS  IN  EASTERN  COLORADO  FROM  FIRST  VIEW  TO  PIKES 
PEAK. 

The  measures  of  zenith  distances  and  micrometric  differences  of  height  in  eastern 
Colorado  form  a  network  covering  a  region  217  kilometres,  or  nearly  135  statute  miles, 
in  extent,  as  shown  on  the  accompanying  sketch.  Seven  of  the  vertical  angle  stations 
are  connected  directly  with  the  line  of  spirit  levels  which  terminates  at  present  at  the 
eastern  flank  of  the  Rockj'^  Mountains.  The  heights  above  the  St.  Louis,  Missouri, 
'* Directrix"  (bench  mark  k^),  of  six  of  the  stations,  determined  by  spirit  level,  will  be 
found  in  Appendixes  Nos.  2  and  3,  Report  for  1898.  The  provisionally  adopted 
height  of  the  "Directrix"  is  125*8  metres,  or  41 2 "7  feet.  Hence  we  get  the  following 
resulting  heights: 

Metres. 

First  View  A  i  274 '48-1-125 '8  =1  400*28 

Kit  Carson  A  I  219-65-^125 '8  =1  345 '45 

Hugo  A  I  499 '57+125 -8  =1  625*37 

Divide  A  2  133  "37-1-125  *8  =2  259*17 

El  Paso  Base,  west  end,  top  of  tnonument  2  040  9  -{-125  '8  =2  166  '^ 

El  Paso  Base,  west  end,  ground  2  166  '7  —     i  *05=2  165  '65 

Colorado  Springs,  nail  marking  level  of  vertical  circle  i  696  *35-{-i25  '8  =1  822  "15 

From  the  leveling  of  the  El  Paso  Base  by  J.  B.  Weir  of  the  party  of  Assistant  O.  H. 
Tittmann,  in  1879,  we  have:  El  Paso  Base,  east  end  (top  of  monument)  below  west 
end  (top  of  monument)  172*14  metres;  hence  height  of  El  Paso  Base,  east  end,  top  of 
monument,  2  1667  —  I72'i4  =  i  994*56  metres  and  of  El  Paso  Base,  east  end,  ground, 
I  994*56  —  I  06  =  I  993*50  metres. 

Mr.  Weir  also  leveled  to  Colorado  Springs  in  1879-80  and  found:  Colorado  Springs, 
railroad  track  in  front  of  Denver  and  Rio  Grande  Railroad  passenger  depot,  below  El 
Paso  Base,  west  end,  top  of  monument,  344*68  metres;  hence  height  of  railroad  track 
at  Colorado  Springs  =  2  1667  —  344*68  =  i  822*02  metres.  The  height  of  approxi- 
mately the  same  point  derived  directly  from  Assistant  Winston's  levels  is  i  696*16  + 
1258  =  I  821*96  metres,  showing  a  satisfactory  agreement. 
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Finallyj  Pikes  Peak  A,  from  spirit-leveling  by  Assistant  \V.  Eimbeck  in  1895, 
is  4*898  metres  above  Pikes  Peak  East,  where  the  vertical  circle  was  mounted  in  order 
to  permit  the  sighting  of  Colorado  Springs. 

I.    ABSTRACTS  OF   RESULTING   ZENITH    DISTANCES. 

These  abstracts  require  but  little  explanation.  The  first  column  gives  the  number 
of  days  upon  which  observations  were  made  (since  the  resulting  C's  were  combined  by 
days);  the  observed  zenith  distances  are  reduced  to  the  ground  at  both  stations; 
the  columns  headed  P  and  T  contain  the  rough  values  of  the  atmospheric  pressure 
expressed  in  millimetres  and  of  the  atmospheric  temperature  expressed  in  degrees 
Centigrade;  the  log.  of  the  distance  s  between  the  stations  is  given  for  metres.  Notes 
appended  state  the  extremes  of  time  between  which  observations  were  obtained.  No 
rejections  were  made  of  micrometric  measures  of  differences  of  height. 

Pikes  Peak.    July  and  August,  1895.     Vertical  Circles,  Nos.  28  and  44.     R.  L.  Fans,  J.  Nelson,  and 

W.  H.  Clay,  observers;  W.  Eimbeck,  chief  of  party. 


Num- 
ber of 
days. 

object  observed. 

Obsen-edze-    ^^Vf^ir 
nith  distance,     '^f  ^ 

Reducs 
tion  for 
eccen- 
tricity. 

Reduced  ^. 

P. 

T 

I*ogj. 

0     /       // 

// 

// 

0      /       // 

mm. 

0 

II 

Mount  Ouray 

90  28  52  -8 

06 

--      0*2 

90  28  52  "4 

459 

5  7 

5*052   21 

12 

Mount  Elbert 

90  27  50  '5 

0-8 

-1-      0-3 

90  27  50*0 

460 

6-2 

5  -097  79 

lo 

Bison 

90  44  05  -o 

+  6-2 

—      0'2 

90  44  05  -o 

459 

5-8 

4771  60 

II 

Divide 

92  25  43  5 

—    I  •! 

-f       I  '2 

92  25  43  -6 

460 

67 

4721  59 

9 

Plateau 

92  34  45  '6 

-f-187 

-  14*9 

92  34  49  '4 

460 

5-8 

4 -816  21 

13 

Big  Springs 

92  14  53  '5 

+17*5 

—  12  -6 

92  14  58  -4 

460 

6-4 

4 '841  50 

Obser 

"vations  between  1 1 

hours  45  minutes  a.  m.  and  i 

hour  20  minutes  p.  m.. 

and  between 

4  hours  30 

minutes  and  7 

'  hours  5 

minutes  p 

.  m. 

Pikes  Peak  East,    July  and  August,  1895.     Vertical  Circle,  No.  44.     R.  I^.  Paris,  observer;  W.  Eim- 
beck, chief  of  party. 


// 


// 


// 


// 


mm. 


2  I  Monte  Rosa  93  37  38  -4     -f  30  -5  o  'o      93  38  08  -9      460      42      4  099  98 

4    ,  Colorado  Springs  97  39  05  7     -}-  8  '8  o  -o      97  39  14  -5      460      5  -8      4  -268  83 

Observations  between  12  hours  35  minutes  and  i  hour  10  minutes,  and  5  hours  15  minutes  and  6  hours 

10  minutes  p.  m. 

Colorado  Springs,     October,  1895.     Vertical  Circle,  No.  44.     R.  L.  Paris,  observer;  W.  Eimbeck, 

chief  of  party. 

o     /      //               //              //        o     /      //       mm.       o 
4       Monte  Rosa  82  58  55  -8    -f  28  -2  o  -o      82  59  24  -o      4  -132  95 

3  Pikes  Peak  East  82  28  47  '8    +34  -2  o  -o      82  29  22  'o       4  -268  83 

Observations  between  4  hom^  15  minutes  and  5  hours  20  minutes  p.  m. 

El  Paso  East  Base.     September  and  October,  1879.     Vertical  Circle,  No.  75,  and  Theodolite,  No.  108. 

O.  H.  Tittmann  and  J.  B.  Weir,  observers;  O.  H.  Tittmann,  chief  of  party. 

o    /      //  ft  //Of//      mm,      o 


4 
3 '5 
3*5 


// 
Holcolm  Hills  89  25  33  i     -h  54  7  00      89  26  27  '8       

Divide  88  54  26  '2     +  89  -3  o  -o      88  55  55  -5       

El  Paso  West  Base  890848*4    4-104-5         o*o      891032*9       

Observations  between  8  hours  15  minutes  a.  m.  and  5  hours  15  minutes  p.  m. 


4  132  55 

4  '129  44 
4*052  66 
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El  Paso  West  Base.     October,  1879.     Vertical  Circle,  No.  75.     O.  H.  Tittmann,  observer  and  chief  of 

party. 

^'«»n-  rkKo^r^^H  •»      Reduction     S5!?*}Sl 

her  of        Object  observed.  SlhdTsUnS.      ^Vf^r^l       ""^n.       Reduced^.  P.  T  Log.. 

days.  of  A.  tricity.  ^^^ 

o    /      ff             //              //  o     /      //  mtn,       o 

4       Divide                                      89  35  10  -5  +104  '2  +  o  '3  89  36  55  -q  4  -085  93 

3       Pikes  Peak                             87  16  37  -3  -^  28  '8  -f  o  -2  87  17  06  -3  4  -626  70 

I     I  Corral  Bluffs                            90  29  27  -3  -f  63  'o  +  o  '5  90  30  30  '8  4  -082  01 

Obser\'ations  between  9  hours  5  minutes  and  10  hours  15  minutes  a.  m. ,  and  between  3  hours  and  4 

hours  p.  m. 

Divide.  November,  1879.  Vertical  Circle,  No.  75.  O.  H.  Tittmann,  observer  and  chief  of  party. 
July  and  August,  1895.  Vertical  Circle,  No.  109.  F.  D.  Granger  and  J.  B.  Boutelle,  observers; 
F.  D.  Granger,  chief  of  party. 

o     /      //  //  ff         o    /      //      mtn.        o 

90  27  41  -I  +77  '3 
90  25  49  -2  -h4i  *' 
90  39  16 'I     —  I  '6 

87  59  24  '9    +2  -8 

89  20  33  '4    —  I  "4 

88  49  23  -I     —  6  '5 

Observations  in  1879  between  10  hours  a.  m.  and  2  hours  10  minutes  p.  m.;   in  1895,  between  11  hours 
35  minutes  a.  m.  and  i  hour  p.  m.,  and  between  4  hours  35  minutes  and  6  hours  30  minutes  p.  m. 

Plateau,    July  and  August,  1894,  September  and  October,   1895.     Vertical  Circle,  No.  109.     F.  D. 

Granger,  observer  and  chief  of  party. 

o    /      /f  //  //         o    /      //      tnm.        o 


4 

El  Paso  West  Base, 

1879 

4 

Holcolm  Hills, 

1879 

II 

Big  Springs, 

1895 

12 

Pikes  Peak, 

1895 

II 

Bison, 

1895 

3 

Monte  Rosa, 

1895 

4-  0-4 

90  28  58  -8 

•  ■  • 

•     •     •     ■ 

4  -085  93 

0-3 

90  26  30*0 

•    •  • 

•      •     •     • 

4-269  17 

O'O 

90  39  14  "5 

578 

22*9 

4  623  06 

O'O 

87  59  27  7 

577 

24  'O 

4721  59 

O'O 

89  20  32  "O 

576 

23 -2 

4  *94o  23 

o-'o 

88  49  16  -6 

575 

23  "4 

4  712  41 

10 

Pikes  Peak 

87  56  12  '5 

-i-  9*2 

O'O 

87  56  21  '7 

616 

30-4 

4-816  21 

13 

Mount  Ouray 

89  33  20  -8 

-  0-5 

o-o 

89  33  20-3 

614 

30 'o 

5  -163  95 

10* 

Big  Springs 

89  52  58-1 

4-07 

Q-Q 

89  52  58  -8 

615 

27 '5 

4  -679  47 

7* 

Dry  Camp 

90  02    22  "2 

4-22-8 

00 

90  02  45  -o 

624 

20-3 

4-551  81 

6 

Corral  Bluffs 

89  45  14  '9 

5*9 

00 

89  45  09  -o 

622 

19-2 

4*725  24 

Observations  in  1894  between  11  hours  40  minutes  a.  m.  and  i  hour  5  minutes  p.  m.,  and  between  4 
hours  45  minutes  and  6  hours  55  minutes  p.  m.;  in  1895  between  2  hours  and  4  hours  40  minutes 
p.  m. 


*  Double  zenith  distances :  Of  Big  Springs,  nine  days;  of  Dry  Camp,  six  days.    One  day  added  to  each  for  two  dasrs* 
micrometric  differences. 
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Big  Springs,  August  and  September,  1880.  Vertical  Circle,  No.  75,  and  Theodolite,  No.  108.  O.  H. 
Tittmann  and  G.  F.  Bird,  observers;  O.  H.  Tittmann,  chief  of  party.  June  and  July,  1895.  Vertical 
Circle,  No.  109.     F.  D.  Granger,  J.  B.  Boutelle,  observers;  F.  D.  Granger,  chief  of  party. 


Num- 
ber of 
days. 


4 

3 

3 

12 

II 

II 

I 


Object  observed. 

Holcolm  Hills,  1880 

Square  Bluffs,  1880 

Cramers  Gulch,  1880 

Plateau,  1895 

Pikes  Peak,  1895 

Divide,    '  1895 

Dry  Camp,  1895 


Observed  ze- 
nith distance. 


// 


Reduction 

to  level 

of  A. 

// 


89  36  47  *3  +93  "3 

90  25  58  7  -h46  -6 
9039007  +15*0 
90  30  08  '2  —  I  'o 

88  17  50-0  -f  6-8 

89  41  05  '4  -  I  7 


Reduc- 
tion for 
eccen- 
tricity. 

Reduced  <. 

p. 

T 

(C) 

Log  J. 

// 

Of         // 

mm. 

0 

O'O 

89  38  20  -6 

596 

17 '9 

4  -452  62 

O'O 

90  26  45  '3 

•  •  • 

•       •       •       a 

4*585   22 

O'O 

90  39  15  7 

•  ■   » 

•       •       ■       • 

4  -518  59 

0"0 

90  30  07  '2 

588 

25 '2 

4  -679  47 

O'O 

88  17  56-8 

588 

27  "2 

4-841  50 

O'O 

89  41  03  7 

587 

25 'O 

4  '623  06 

O'O 

90  37    24  -2 

586 

25-0 

4  '328  92 

90  37  40-9     -167 
Observations  in  1880  between  10  hours  20  minutes  and  11  hours  15  minutes  a.  m.,  and  between  2  hours 

5  minutes  and  5  hours  35  minutes  p.  m.,  except  one  micrometric  difference  of  Cramers  Gulch  at 

6  hours  25  a.  m. ;  in  1895  between  noon  and   i  hour  30  minutes  p.  m. ,  and  between  4  hours  40 
minutes  and  6  hours  45  minutes  p.  m. 

Holcolm  Hills.    July  and  August,  1880.     Vertical  Circle,  No.  75,  and  Theodolite,  No.  108. 

mann  and  J.  E.  McGrath,  observers;  O.  H.  Tittmann,  chief  of  party. 

o    /      //  //  //         Off/      mm. 

5  Divide  89  43  05  -3  —48  'o  o  'o  89  42  17  '3  584 
4  Big  Springs  003612-5  —30-4  00  90  35  42 'i  584 
8       El  Paso  East  Base                 90  41  31  -4    —78  '5           o  'o 

6  Holt  90  39  01  -o    —27  '8  o  'o 

I       Square  Bluffs  9°  43  36  '2     —  7  '5  o  'o 

Observations  between  7  hours  20  minutes  and  11  hours  30  minutes  a.  m.,  mostly  before  8  hours  15 

minutes,  and  between  3  hours  10  minutes  and  5  hours  40  minutes  p.  m. 


Of  ff 

89  42  17  '3 

90  35  42  -I 
90  40  12  '9 

90  38  33  '2 
90  43  28  '7 


584 
584 
582 


o 

23-6 

19 '6 
19-2 
19-1 

22*8 


O.  H.  Titt- 


4-269  17 
4  "452  62 
4  '132  55 
4  '479  56 
4  '657  64 


Cramers  Gulch.  September,  1880.  Vertical  Circle,  No.  75,  and  Theodolite,  No.  108.  O.  H.  Tittmann 
and  G.  F.  Bird,  observers;  O.  H.  Tittmann,  chief  of  party.  September,  1895.  Vertical  Circle,  No. 
109,  and  Theodolite,  No.  118.     F.  D.  Granger,  observer  and  chief  of  party. 


// 


// 


// 


// 


fnm. 


2 
2 
2 
2 

4 
6 


Adobe,  1880 

Square  Bluffs,        1880 
Big  Springs,  1880 

Big  Springs,  1895 

Big  Springs,  mean 
Dry  Camp,  1895 


90    10   22  'O 

+53 -2 

O'O 

90  II  15-2 

621 

31 -I 

4  '533  56 

89  54  25  '5 

+59*6 

O'O 

89  55  25  -I 

621 

31*1 

4  -478  69 

89  36  29  '5 

+387 

O'O 

89  37   08  -2 

621 

31 -i 

89  37  22  '4 

—  18 -2 

O'O 

89  37  04  -2 

89  37   06  -2 

625 

30-8 

4*518  59 

89  52  01  '2 

5 '3 

O'O 

89  51  55  '9 

624 

31*9 

4  *387  04 

Observations  in  1880  between  10  hours  25  minutes  a.  m.  and  4  hours  35  minutes  p.  m. ;  in  1895  between 

3  hours  35  minutes  and  4  hours  55  minutes  p.  m. 
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Square  Bluffs.     September,  1880.     Vertical  Circle,  No.  75,  and  Theodolite,  No.  108. 

and  J.  E.  McGrath,  observers;  O.  H.  Tittm^nn,  chief  of  party. 


O.  H.  Tittmann 


Num- 
ber of 
days. 

object  observe 

4 

Holt 

3 

Holcolm  Hills 

3 

Big  Springs 

3 

Hugo 

3 

Cramers  Gulch 

2 

Adobe 

Observed  ze- 
nith distance. 


Reduction 

to  level 

of  A. 


o      /        //  // 

89  43  13  7  +55  '3 

89  38  00  -6  4-43  "5 

89  51  42  '9  4  33  •! 

90  16  33  o  +49  •! 
90  19  247  +16 '4 
90  22  05  -8  ^59  -o 


Reduc- 
tion for 
eccen- 
tricity. 

// 
CO 

O'O 

O'O 

O'O 

O  "O 

O'O 


Reduced  ^.  P. 

o    /      //  mm. 

89  44  09  o  614 

89  38  44  -I  613 

89  52  16  o  613 

90  17  22  'I  615 
90  19  41  -I  615 
90  23  04  '8  616 


T 


o 
297 

28-1 

28-1 

24 -6 
24  6 
21  '9 


Log  J. 


4  -382  95 
4  "657  64 
4-585  22 
4*567  II 
4  '478  69 
4*487  16 


Observations  between  to  hours  a.  m.  and  4  hours  25  minutes  p.  m. 


Holt. 


October,  1880.     Vertical  Circle,  No.  75,  and  Theodolite,  No.  108.     O.  H,  Tittmann  and  G.  F. 

Bird,  observers;  O.  H.  Tittmann,  chief  of  party. 


// 


// 


// 


//       WW. 


3       Square  Bluffs  90  27  16*3     +76*3  00      90  28  32*6      605     22*2  4*382  95 

2  i  Holcolm  Hills  89  35  52  -9     -I-65  '8  o  'o      89  36  58  7      602     28  *9  4  -479  56 

3  !  Hugo  9030217     -h45'8  00      903107*5      599     25*2  4*60035 

Observations  between  9  hours  30  minutes  a.  m.  and  4  hours  35  minutes  p.  m. 

Hugo.     November,  1880.     Vertical  Circle,  No.  75,  and  Theodolite,  No.  108.     O.  H.  Tittmann  and 

G.  F.  Bird,  observers;  O.  H.  Tittmann,  chief  of  party. 


0     /      // 

// 

// 

0        /           // 

mm. 

0 

4 

Overland 

90  08    23  -2 

4-27*6 

0*0 

90  08  50  *8 

616     . 

4  -476  20 

2 

Holt 

89  48  20 '7 

+33 '4 

00 

89  48  54  -I 

621     . 

■ . .       4  -600  35 

2 

Aroya 

90   20    19*4 

+  18 -8 

o*o 

90   20  38  '2 

621     . 

4  *62o  92 

2 

Adobe 

90  13  48  *7 

+40*8 

O'O 

90  14  29*5 

621     . 

. . .       4  -646  49 

2 

Square 

Bluffs 

90  00  20 'O 

+48-4 

O'O 

90  01  08  '4 

621 

...       4-567  II 

Observations  between  9  hours  50  minutes  a.  m.  and  3  hours  30  minutes  p.  m. 

Adobe.     July  and  August,  188 1.     Vertical  Circle,  No.  75,  and  Theodolite,  No.  108.     O.  H.  Tittmann 

and  G.  F.  Bird,  observers;  O.  H.  Tittmann,  chief  of  party. 


0     /      // 

// 

// 

0     /       // 

mm.        < 

) 

3 

Aroya 

90  16  09  -5 

+  o*6 

O'O 

90  16  10 'I 

637     •• 

4  -546  77 

3 

Overland 

90  10  18  *9 

+  o'4 

00 

90  10  19-3 

638     .. 

4716  8r 

3 

Cramers  Gulch 

90  05  29  -1 

-  81 

O'O 

90  05    21  'O 

639     •• 

4  -533  56 

2 

Square  Bluffs 

89  52  04  '4 

+33  "3 

O'O 

89  52  37  7 

639     .. 

4-487  16 

Observations  between  4  hours  15  minutes  and  6  hours  5  minutes  p.  m. 

Aroya.     August  and  September,  188 1.     Vertical  Circle,  No.  75,  and  Theodolite,  No.  108.     O.  H. 

Tittmann  and  G.  F.  Bird,  observers;  O.  H.  Tittmann,  chief  of  party. 


3 

Overland 

2 

Kit  Carson 

3 

Hugo 

3 

Adobe 

3 

Eureka 

f      // 

ff 

ft 

0       f          ff 

mm.        < 

3 

9  50  53  7 

+31*5 

0*0 

89  51    25    2 

646     .. 

4-41895 

90  23  57  '3 

+31*3 

o*o 

90   24   28*6 

646     .. 

4*479  57 

89  58  57  0 

+43*3 

•O'O 

89  59  40  '3 

646     .. 

4  '620  92 

90  00  35  *8 

+  18-3 

O'O 

90  00  54  'I 

646     .. 

4*54677 

90  13  04  "5 

+32-5 

00 

90  13  37  -0 

646     .. 

. .       4  '529  43 

Observations  between  8  hours  55  minutes  a.  m.  and  4  hours  10  minutes  p.  m. 
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Overland.     September,  1881.     Vertical  Circle,  No.  75,  and  Theodolite,  No.  108. 

and  G.  F.  Bird,  observers;  O.  H.  Tittmann,  chief  of  party. 


Num- 
ber of 
days. 


3 
3 
3 
3 
3 


Object  observed. 


Aroya 
Hugo 
Adobe 
Eureka 
Kit  Carson 


Observed  ze- 
nith distance. 


Reduction 

to  level 

of  A- 


o     /       //  // 

90  20  48  -I  -f-32  7 

90  04  39  9  -f  61  '4 

90  14  28  '9  -f  13  -Q 

90  26  41  '5  -f  41  -I 


Reduc- 
tion for 
eccen- 
tricity. 

// 
CO 

O'O 

O'O 

o*o 

O'O 


Reduced  ^. 

o     /       // 
90  21   20*8 

90  05  41  '3 
90  14  41  '9 

90  27   22  '6 

90  30  30  "9 


P. 


tntn 


0.  H. 

Tittmann 

T 

Log  J. 

0 

•    •   •   • 

4  "418  95 

•    •   •   • 

4*476  20 

•    •    •    • 

4716  81 

•    •    •    « 

4-440  09 

■    •    •    • 

4  -664  01 

90  30    107      -^20  "2 

Observations  between  2  hours  5  minutes  and  5  hours  35  minutes  p.  m. 

Eureka.     September  and  October,  1881.     Vertical  Circle,  No.  75,  and  Theodolite,  No.  108.     O.  H. 

Tittmann  and  G.  F.  Bird,  observers;  O.  H.  Tittmann,  chief  of  party. 


// 


// 


// 


// 


mm. 


5 

Aroya 

4 

Kit  Carson 

4 

Overland 

2 

First  View 

2 

Landsman 

90  02  21  '8 

+24-4   • 

O'O 

90  02  46  '2 

647       . 

.  .  .         4  -529  43 

90  17  43-8 

+29-4 

O'O 

90    18    13  '2 

647       . 

. . .       4  -485  81 

89  45  34  '5 

+28-5 

O'O 

89  46  03  'O 

647       • 

...       4  -440  09 

90  II  51  "3 

4-31 'o 

O'O 

90   12    22  '3 

647       . 

...       4*531  01 

90  08  34  "I 

+43-9 

O'O 

90  09  18  'O 

647       . 

...       4  -381  82 

Observations  between  2  hours  45  minutes  and  5  hours  p.  m. 

A7/  Carson.     October,  1881.     Vertical  Circle,  No.  75,  and  Theodolite,  No.   108.     O.  H.  Tittmann, 

observer  and  chief  of  party. 


// 


// 


// 


// 


fftfH 


90  00  00  '8     -f-34  '9 

90  01    30  '2      +28  '2 

89  56  10  -8     -{-34  -6 
89  50  08  '7     +24  '7 

89  51  27-9    +16 -I 

90  00  47  '9     —12  '9 
Observations  between  9  hours  a.  m.  and  3  hours  5  minutes  p 

2.    DETERMINATION   OF   THE    COEFFICIENT  OF   REFRACTION. 


3 

First  View               * 

3 

Landsman 

3 

Eureka 

3 

Aroya 

3 

Overland 

3 

First  View  house  chimney 

O'O 

90  00  35  7       .  • . 

4  '461  62 

O'O 

90  01  58  4 

•  •  •  •       4  '557  53 

O'O 

89  56  45  "4       .  ■ . 

....       4.  485  81 

O'O 

89  50  33  '4       ... 

•  •  •       4  -479  57 

O'O 

89  51  44 'O       ... 

4  '664  01 

O'O 

90  00  35  0 

....       4  -484  57 

m. 


Let  C,  and  C„  be  the  observed  reciprocal  *  zenith  distances  at  the  ends  of  a  line  of 
length  s  and  radius  of  curvature  p;  then  the  mean  coefficient  of  refraction  w  may  be 
computed  by  the  formula — 


w  =  o-5-P-^^5^(C,  +  C„-i8o°) 

25 


n.  n 


•^, 


and  the  weight />  for  any  value  of  m  may  be  taken  proportional  to  — 'TT^ 

where  «, ,  «„  represent  the  number  of  days  of  observation  at  the  two  ends  of  the  line. 
In  case  the  difference  of  height  A^  be  known  from  spirit  leveling  and  one  zenith 
distance  C  be  observed,  we  may  find  m  from  the  expression — 

p 
//J  =  o'5  —  p  (  A^  —  5  cot  C) 

and  for  its  relative  proportional  weight  we  may  take  — . 


*  Here  non-simultaneous. 
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The  resulting  values  of  m,  arranged  according  to  length  of  sight  (^  in  kilometres), 
and  their  respective  weights  are  as  follows: 


Line. 

s. 

m. 

P' 

Pikes  Peak  to  Big  Springs 

69  4 

0059  6 

2-87 

Pikes  Peak  to  Plateau 

65*5 

•058  7 

2*03 

Pikes  Peak  to  Divide 

527 

•056  2 

1*59 

Overland  to  Adobe 

52  T 

•055  0 

0-41 

Big  Springs  to  Plateau 

47 -8 

•052  4 

1-25 

Overland  to  Kit  Carson 

46-1 

•053  "2 

0*32 

Holcolm  Hills  to  Square  Bluffs 

45*5 

•046  3 

0-15 

Divide  to  Big  Springs 

42  'O 

•052   0 

0-97 

Hugo  to  Aroya 

417 

•049  4 

0'2I 

Holt  to  Hugo 

39-8 

•033  0 

0*19 

Big  Springs  to  Square  Bluffs 

38-5 

•040  9 

0-22 

Square  Bluffs  to  Hugo 

36-9 

•035  I 

o*i6 

Adobe  to  Aroya 

35-2 

•050  0 

0*19 

Cramers  Gulch  to  Adobe 

34*2 

•048  6 

o'i4 

Aroya  to  Eureka 

33-8 

•050  7 

0*2I 

Big  Springs  to  Cramers  Gulch 

33 'o 

•039  8 

0*19 

Square  Bluffs  to  Adobe 

307 

•025  5 

0-09 

Eureka  to  Kit  Carson 

30-6 

•047  2 

o-i6 

Holcolm  Hills  to  Holt 

30-2 

•021  7 

0*14 

Aroya  to  Kit  Carson 

30 -2 

•037  4 

O'll 

Square  Bluffs  to  Cramers  Gulch 

30  I 

•035  8 

o*ir 

Hugo  to  Overland 

29  9 

•048  9 

0-15 

Kit  Carson  to  First  View 

28-9 

•044  2 

o*o6 

Holcolm  Hills  to  Big  Springs 

28-4 

•041  5 

o'i6 

Overland  to  Eureka 

27-5 

•(H7  3 

013 

Overland  to  Aroya 

26*2 

•049  9 

O'lO 

Holt  to  Square  Bluffs 

24-1 

•013  4 

o"io 

*  Divide  to  Holcolm  Hills 

18 -6 

■061  0 

o-o8 

t  Pikes  Peak  East  to  Colorado  Springs 

18 -6 

071   I 

Q-o6 

Holcolm  Hills  to  East  Base 

13*6 

•043  0 

005 

X  East  Base  to  Divide 

13*5 

—  •009  8(?) 

0'02 

Divide  to  West  Base 

12  -2 

•051  8 

0-03 

East  Base  to  West  Base 

II  '3 

0  "012   0 

o*oi 

*  Deep  valley  between  the  two  stations. 
tLine  on  steep  incline  and  high  above  ground. 
\  Not  u.sed. 


Forming  three  groups  of  10  values  each,  we  find  the  means — 


Jo 

Wo 

50  '3  km. 

0  '056  0 

33*3 

0-040  5 

23 '2 

0*040  9 

General  mean 

0  -053  0 
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The  tabular  values  of  m  show  an  apparent  dependence  upon  the  length  of  lines  s, 
viz:  the  shorter  5,  the  smaller  m.  This  fact  may  be  explained  by  the  circumstance  of 
the  line  of  sight  being  nearer  the  heated  ground  the  shorter  the  distance.  The  com- 
paratively warm  stratum  of  au*  is  quite  close  to  the  ground,  particularly  during  insolation. 
The  two  apparent  exceptions  marked  *  and  f  prove  the  rule.  The  ground  is  barren 
and  treeless  over  the  entire  region  and  the  climate  is  very  dry,  especially  during  the 
summer.  The  instrument  was  only  elevated  sufficiently  to  overcome  the  earth's  curva- 
ture and  permit  the  visibility  of  the  distant  object. 

3.    DETERMINATION   OF   DIFFERENCES   OF   HEIGHT   AND  THEIR   ADJUSTMENT. 

For  computing  the  diflFerence  of  height  A„— ^,  of  two  stations  where  reciprocal 
zenith  distances  dx  and  Ci  were  observed,  supposed  simultaneously,  the  formula — 

A>^-A„->i,  =  ^tan>^(C„-COri+^^^^"  +  -^+  •   •  •  1 

was  used,  and  the  weighty  was  taken  equal  to-  -  V:'^~y^;  when  but  one  zenith  distance 
was  obser\''ed,  and  consequently  a  value  for  m  had  to  be  assumed,  we  have — 

-  ,    I  —  2m  ^  ,    I  —  m 
^A  =  scotZ-\ z^-s'-\ T— ^cofC+  .... 

with  the  assumed  relative  weight  = -^i — where  w  =  number  of  days  of  observation; 

in  the  latter  case,  for  the  line  West  Base  to  Pikes  Peak  m  was  taken  equal  to  o  061  4, 
which  is  the  mean  resulting  value  for  the  other  four  lines  to  Pikes  Peak.  The  differ- 
ences of  height  for  the  few  remaining  lines  with  but  one  zenith  distance  were  computed 
with  m  —  0*047  4- 

A  table  of  values  of  log.  p  is  given  in  Appendix  No.  18,  Report  for  1876,  pp.  384- 
387;  below  we  append  a  table  specially  adapted  for  the  computations  in  connection  with 
the  transcontinental  arc.  It  is  based  upon  Clarke's  spheroid  of  1866.  We  have  the 
expression — 

a  (i  —€") 


Radius  of  cur\-ature,  /a  = 


( I  —  ^  -f  ^  cos'  a  cos=  0) ( I  —  t^  sin"  <p)^ 
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.^..^^^  Ivatitude 

38° 

Values  of  log.  p. 
38>4°              39"             39>4" 

4o« 

40>^^ 

Difference 

for  lo'  of 

latitude,  in 

units  of  sixth 

place  of 

decimals. 

( Meridian )      0° 

6-803  422     6*803  460    6*803  497 

6-803  535 

6  -803  573    6 

•803  611 

13 

5 

436 

473 

5" 

548 

586 

624 

13 

10 

478 

515 

552 

589 

626 

663 

12 

15 

546 

582 

61S 

654 

690 

726 

12 

20 

637 

671 

706 

741 

776 

811 

12 

25 

749 

782 

815 

848 

3  882 

3  916 

II 

30 

3  880 

3  911 

3  943 

3  974 

4  006 

4  038 

II 

35 

4  025 

4  054 

4083 

4    112 

142 

172 

10 

40 

179 

206 

234 

261 

289 

316 

9 

1           45. 

338 

363 

388 

414 

439 

464 

b 

s       50 

498 

521 

544 

567 

590 

613     ' 

8      • 

^           55 

652 

673 

694 

715 

736 

757 

7 

60 

797 

816 

835 

854 

873 

4  892     \ 

6 

65 

4  928 

4  945 

4  962 

4  979 

4  996 

5  013 

6 

70 

5  041 

5  056 

5  072 

5  088 

5  104 

120    ' 

5 

75 

133 

147 

• 

161 

176 

190 

205 

5 

80 

201 

214 

227 

241 

254 

268 

4 

85 

242 

255 

26S 

281 

294 

307 

4 

(Prime  vert.)  90 

6S05  256    6-805  268    6- 

805  281 

6-805  294 

6-805  307     6 

-805  320    \ 

4 

KesuUim 

J  differences  of  heights  from  re  a 

procal  nonsifnultaneous  ; 

zenith  distances 

Static 

>ns. 

Jk. 

P- 

Stations. 

Ah, 

A 

Pikes  Peak  and  I 

divide 

m. 
2  041    954 

20*70 

Square  Bluffs  and  Holt 

TO. 
155-988 

29*38 

Pikes  Peak  and  1 

Big  Springs 

2  395  '441 

12*36 

Square  Bluffs  and  Hugo 

« 

87  -137 

8 -81 

Pikes  Peak  and  ] 

Plateau 

2  655  -317 

II  *o4 

Square  Bluffs  and  Adobe 

136-017 

10*62 

Pikes  Peak  Easi 

t  and  Colorado 

Holt  and  Hugo 

244  749 

7-55 

Springs  ( V.  C. 

) 

2  473  '197 

49 -66 

Hugo  and 

Aroya 

127*417 

6*87 

Divide  and  Big  S 

Springs 

355  -372 

31  26 

Hugo  and  Overland 

13754 

19*14 

Divide  and  Hole 

olm  Hills 

119 '553 

64  42 

Adobe  and  Cramers  Gulch            29  -339 

10*28 

Ilolcolm  Hills  ai 

id  East  Base 

145  -603 

144-90 

Adobe  and 

Aroya 

78  -221 

12  -08 

Holcolm  Hills  ai 

id  Big  Springs 

236  -623 

24-89 

Overland  and  Adobe 

33*170 

5-52 

Holcolm  Hills  ai 

id  Holt 

270  -283 

16-48 

Overland  and  Aroya 

114-240 

21  -78 

Holcolm  Hills  ar 

id  Square  Bluffs 

428  -236 

363 

Overland  and  Eureka 

165  -625 

22-59 

Big  Springs  and 

Plateau 

258  -304 

23-88 

Overland  and  Kit  Carson 

L                   260-281 

7-05 

Big  Springs  and 

Square  Bluffs 

193-071 

10*14 

Aroya  and  Eureka 

53-398 

16-37 

Big  Springs  and 

Cramers  Gulch 

298  -484 

1574 

Aroya  and  Kit  Carson 

148  -877 

13-18 

Square  Bluffs  anc 

[Cramers  Gulch 

106  -295 

13 '24 

Eureka  and  Kit  Carson 

95 

•566 

18*28 
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Resulting  differences  of  height  from  single  zenith  distances  and  assumed  m. 

StationF.  ^h,  p. 


West  Base  and  Corral  Bluffs 
Plateau  and  Corral  Bluffs 
Plateau  and  Dry  Camp 
Big  Springs  and  Dry  Camp 
Cramers  Gulch  and  Dry  Camp 
Hugo  and  Adobe 
Eureka  and  Landsman 
Kit  Carson  and  Landsman 
Eureka  and  First  View 
West  Base  and  Pikes  Peak 


96*828 
430  -244 

61  -561 
199  '676 

99 '354 
47  '081 
24*041 
71  860 
40  -362 
2  135  "893 


17*14 

5-31 
1377 

5  50 
25*23 

2*55 
8 -61 

5'75 
4*34 
4*19 


Fixed  heights  determined  by  spirit  levels. 


Metres. 

El  Paso  West  Base  2  165  -65 

El  Paso  East  Base  i  993  '50 

Colorado  Springs  (V.  C.)  i  822*15 

Divide  2  259*17 


Feet, 

7  105. 1 

Hugo 

6  540  '3 

Kit  Carson 

5  978  '2 

First  View 

7  412  *o 

• 

Pikes  Peak  above  Pikes  Peak  East  4*898  metres. 

Assumed  heights. 


Metres. 
I   625*37 

I  345  '45 
I  400*28 


Metres. 

Meti  rs. 

Pikes  Peak 

4  3oi4-;r, 

Square  Bluffs 

I  yii-i-xs 

Holcolm  Hills 

2  139-f^, 

Holt 

I  868-h;ir9 

Big  Springs 

I  904+^3 

Adobe 

I  576-^.rxo 

Plateau 

I  6454-^^4 

Aroya 

I  496-.r„ 

Corral  Bluffs 

2  Qr]\-\-x^ 

Overland 

I    610  4- ^,a 

Dry  Camp 

T  7o6-f-;r(j 

Eureka 

I  442^^,3 

Cramers  Gulch 

I  6o6-|-;r7 

Landsman 

I    4174  -^J^M 

Feet. 

5  332  -6 
4  414  '2 
4  594  I 


266 


UNITED  STATES  COAST  AND  GEODETIC  SURVEY. 


To  the  observation  equations  as  given  below  the  respective  weights  are  attached, 
and  a  column  is  added  showing  the  discrepancy  between  the  direct  measure  and  the 
adjusted  measure. 


Observation  equation.  /. 

o=-ro.755-r-*-,  49 '66 

— o*i24-j-;ri  2070 

-o-543+-i'x  4  "19 

— o  'io2,-r^,  144  '90 

— o-6i7-r^'2  64*42 

-f-o*202-r.*'3  31  '26 

-f  I  623-^, -r .1:3  2489 

—I  "559— -^1-^^*3  "36 

— o  -683 — jr, — jr4  1 1  -04 

— o  -696— jr3-r.r4  23  -88 

-r2*i78-r;r5  17-14 

-4  -244-^4 -^jTs  5  '31 

-f  I  -676— ^Tj^jTe  5  '50 

— 0-561— jr4-r^6  1377 

f  o  -484-jr3-f--r7  15  -74 

— o  -646— ;r6+^7  25  -23 

-j-o  -236— -r,-|-.r8  3  -63 

-|-o  -071— jr3^ji-H  10  -14 

—  I  -295— JTy^.ra  13  -24 

— o  -717— -la     -Vo  16  -48 


Dis- 
crepancy. 

m. 
—0-05 

-093 

-1*35 
-0-48 

-0-99 

-0-47 

-f-i  '32 

-1*43 
-0-87 

—  I  01 

+  1-29 

-4  15 
-hi  07 

-0-85 

4-0-29 

—0-23 

+  1-26 

-fi  -40 

-fo-22 


Observation  equation. 

--2-ii9-f;r9 

—  I '5074-^8 
—2  -289  r^io 

4-1  •oi7-;r-8-i-.r,o 

—  O'66l—JCy-\-Xt0 

—  I  '953+^11 
4-1  "673  4- ^« 

—  I  779-^io-f-^ii 

—  I  •6i64-jr,a 
4-4  -269-4-^,, 

-fo  -830— jr,o-r-.*'ia 
— 0-240— ;r„-i-;r„ 

4-0  -9844-^,3 
+  1  •358-f^x, 
— o  '6o2—jr,i-\-Xij 

-2  •375--^ia-f--^i3 
— o  ^lo-f  jr,4 

-o  •959--*^i3+-«'u 


29-38 

7 '55 
8 -81 

2  55 
10*62 

10*28 

6*87 

13 -18 

12 'oS 

19*14 

7*05 

5  52 

21*78 

18*28 

4-34 

16-37 
22-59 

5  75 
8 -61 


Dis- 
crepancy. 

m. 

+057 

—  I  '91 

-0*86 
—2*90 
—0*24 
—0-40 
—2*27 

-M*36 

—  I  -48 

—2-37 
+3*52 
4-0*69 
-0*68 

-|-I  *22 

-hi  59 
—0*05 

-1*39 
-fo-53 
-0-35 


0-14 


Forming  the  normal  equations 

AesuUing 

Station  (ground). 

Pikes  Peak 
Holcolni  Hills 
Big  Springs 
Plateau 
Corral  Bluffs 
Dry  Camp 
Cramers  Gulch 
Square  Bluffs 
Holt 
Adobe 
Aroya 
Overland 
Eureka 
Ivandsman 


and  solving  them,  we  get  the  following: 

values  o/x,  and  final  heights. 

Height— 


X  . 


m. 


—0*804 

-o  374 
-o  674 
—0-989 

-0-893 

- 1  279 
-0-865 

4-0  650 

4-0-206 
— o  "609 

-0-314 

-o  750 

4-0  -236 

4-0  -841 


In  metres. 

4  300-196 
2  138  -626 
903  -326 
644  'Oil 
2  070-107 
704  -721 
605  135 
711  650 
868*206 

575  '391 
495  '686 
609-250 
442  236 
417  841 


In  feet. 

14  108*2 
7  016  *5 
6  244*8 

5  393  7 

6  791  7 

5  592  "9 
5  266-2 

5  615  *6 

6  129-3 
5  168-6 

4  907*1 

5  2797 

4  731  7 
4  651  -7 
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That  the  corrections  needed  to  harmonize  the  results  by  spirit  levels  and  vertical 
angles  should  be  of  the  magnitude  shown  above  is  attributed  largely  to  the  difficulty  of 
securing  a  sufficient  number  of  vertical  angle  measures  during  the  time  when  "seeing  " 
was  practicable.  Observations  were  made  at  all  hours  of  the  day,  beginning  sometimes 
before  6  a.  m.  and  reaching  to  5^  p.  m.  While  at  some  stations  fairly  numerous 
observations  were  secured,  at  others  they  were  barelj'  sufficient.  As  a  rule  (with  some 
exceptions)  the  early  observations — sa}'  those  made  before  9  or  10  a.  m. — and  some  late 
ones  in  the  afternoon  could  not  be  included,  the  refraction  being  then  much  above  its 
ordinary  minimum  daily  amount. 

The  field  measures  do  not  warrant  us  to  give  the  resulting  heights  closer  than  one- 
tenth  of  a  metre,  or  in  English  measures,  say  about  i  foot,  though,  as  usual,  the 
adjustment  is  carried  farther  for  security. 

The  height  of  Pikes  Peak  being  of  special  interest  on  account  of  the  meteorological 
observations  made  at  the  summit,  we  may  compare  the  results  from  the  angular  measures 
in  connection  with  each  of  the  five  stations  lying  round  the  Eastern  Base  of  the  moun- 
tain. The  heights  of  three  of  these  stations  were  fixed  by  spirit  leveling;  those  of  the 
other  two  are  taken  as  adjusted.  The  differences  of  height  as  measured  are  used. 
Height  of  Pikes  Peak*  A  (bolt)  from — 


m. 

m. 

m.              p. 

Divide 

2  259-17+2 

041  95 

— 

4301-12     20 '7 

El  Paso  West  Base 

2  165-65—2 

135*89 

— 

4  301  '54      4  *2 

Colorado  Springs 

I  822  •15-+-2 

473  '20^ 

-f  4  -90/ 

= 

4300*25     49*7 

Big  Springs 

I  903*33-r2 

395*44 

= 

4298-77     12*4 

Plateau 

I  644*01-1-2 

655  *32 

— 

4299-33     II -0 

^Veighted  mean 

or 

4  300  '20-^   0  -27 

14  108  -2  feet. 

Taking  into  consideration  the  probable  error  of  the  adjusted  height  system,  that  of 
Pikes  Peak  may  be  estimated  as  V  (*25y-|-(*25)'+(*27)'=  d=o*45  metre. 

C.  DETERMINATION  OF  HEIGHTS  OF  TRIGONOMETRIC  STATIONS  IN 
THE  VICINITY  OF  THE  COAST  RANGE  OF  CALIFORNIA  FROM 
POINT  ARENA  TO  MOUNT  DIABLO. 

I.    INTRODUCTION. 

Some  of  the  heights  in  this  region  have  already  been  treated  in  Appendix  No.  10, 
Coast  and  Geodetic  Survey  Report  for  1884,  in  connection  with  the  adjustment  of  the 
triangulation  about  the  Yolo  Base,  but  the  present  discussion  embraces  a  larger  number 
and  a  more  complex  system  of  measures,  as  shown  on  the  accompanying  diagram. 


♦An  additional  value  for  the  height  of  Pikes  Peak  may  be  obtained  from  information  furnished  by  Mr.  H.  I.  Reid, 
civil  engineer,  in  a  letter  to  Assistant  I.  Winston,  dated  Colorado  Springs,  Colorado.  June  27,  1S9S.  From  the  levels  of 
the  Manitou  and  Pikes  Peak  Railway,  checked  by  himself  to  about  the  12  000-foot  level,  he  finds  the  difTerence  of  height 
between  the  top  and  center  of  marble  block  on  east  side  of  signal  station  on  Pikes  Peak  and  the  bench  mark  at  the 
Denver  and  Rio  Grande  passenger  depot  at  Colorado  Springs,  called  by  Assistant  Winston,  "City  bench  mark,"  to  be 
14  112-83  -  fi  00273  ^  S  I  loio  feet  =  2  471  96  metres.  From  Winston's  spirit  level,  elevation  of  "City  bench  mark,"  i  696  57  + 
125*8  -  1  82237  metres.  Hence,  elevation  of  top  of  marble  block  4  294  33  metres.  From  levels  by  Mr.  Winston,  July  14, 1898, 
we  have  elevation  of  Pikes  Peak  A  (bolt)  above  marble  block  16-48  feet  =  502  metres;  hence  height  of  Pikes  Peak  A 
(bolt)  4  299'35  metres. 
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As  stated  in  the  Report  for  1884,  the  heights  were  at  that  time  based  upon  tidal 
observations  and  lines 'of  spirit  levels. to  four  stations.  To  these,  two  have  now  been 
added — viz,  Sonoma  Mountain  and  Tomales  Bay,  which  are  sufficiently  well  connected 
with  tide  water  for  the  purpose,  though  otherwise  weak  for  want  of  vertical  measures 
to  surrounding  stations.  We  have  the  following  particulars  respecting  these  funda- 
mental stations  and  their  tidal  connections: 

Xo.  17. 


Great 


^ 


^     CoUlSprbfig 


J^rtna, 


NortKYrast 
YoloJBcLse^ 
SoiUh^JScLSt 


t.Dtablo 


StaJtute  Miles 


10 


10 


20 


30 


40 


50 


60 


70 


80 


90 


100 


Sonoma  Mountain. — A  line  of  spirit  levels  connects  with  tide  w^ater  at  Petal uma 
Bridge.  It  was  run  by  D.  Kerr  and  C.  B.  Ellis,  under  the  direction  of  G.  A.  Fairfield, 
in  June,  July,  and  August,  1855. 

Tomales  Bay. — A  line  of  spirit  levels,  run  by  C.  B.  Ellis  under  the  direction  of 
G.  A.  Fairfield,  in  March,  1856,  connects  with  Flattened  Rock,  Tomales  Bay,  where 
tidal  observations  were  made. 
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I^oss  Mounfam. — A  line  of  spirit  levels,  run  by  G.  Davidson  in  August,  i860, 
connects  the  tidal  bench  mark  with  the  triangulation  station  at  Bodega  Head.  The 
line  thence  to  Ross  Mountain  was  leveled  in  January,  February,  and  March,  1872,  by 
S.  R.  Throckmorton  and  H.  J.  Willey.  For  particulars  3ee  Appendix  No.  16,  Report 
for  1876. 

Mount  Diablo. — ^This  station  was  connected  by  spirit  levels  with  Martinez  East  in 
May,  1880,  by  B.  A.  Colonna.  In  the  same  month  B.  A.  Colonna  and  J.  J.  Gilbert 
connected  Martinez  East  with  the  tidal  bench  mark  at  Benicia  Arsenal,  on  the  other 
side  of  Karquines  Strait,  by  m^ans  of  reciprocal  simultaneous  zenith  distances.  See 
Appendix  No.  12,  Report  for  1883. 

The  ends  of  the  Yolo  Base. — The  base  line  was  leveled  twice  by  B.  A.  Colonna  in 
August,  1880,  and  he  also  connected  the  northwest  end  with  the  California  Pacific 
railroad  station  at  Woodland,  of  which  the  elevation  was  determined  by  the  railroad 
engineers.     See  Appendix  No.  11,  Report  for  1883. 

Resulting  heights  of  fundamental  stations  above  the  average  level  of  the  Pacific 
Ocean: 


m. 


m. 


Sonoma  Mountain 

698-56 

-^-0-25 

Tomales  Bay 

205  13 

0-25 

Ross  Mountain 

672  -23 

0-I5 

Mount  Diablo 

I  173*10 

0*20 

The   probable   errors    are  esti 

Yolo  Case,  southeast 

21-66 

0-35 

mated. 

Yolo  Base,  northwest 

46-66 

0-35 

2.    ABSTRACTS   OF    RESULTING    ZENITH    DISTANCES    AT   STATIONS   NEAR    THE    PACIFIC 

COAST   BETWEEN   POINT  ARENA  AND   MOUNT   DIABLO. 

The  contents  of  these  abstracts  need  little  explanation.  The  observed  zenith 
distances  are  corrected  when  necessary  for  eccentric  mounting  of  the  .instrument  or 
heliotrope  and  for  reduction  to  ground  or  to  station  mark  at  both  the  station  occupied 
and  the  station  sighted.  The  columns  headed  P  and  T  give  the  approximate  atmos- 
pheric pressure  (expressed  in  millimetres  and  column  reduced  to  0°  C.)  and  the  tem- 
perature of  the  air  (in  degrees  of  the  centigrade  scale).  The  values  of  log.  s  are  taken 
from  the  latest  adjustment  of  the  triangulation. 

Southeast   Yolo  Base.     August,   18S0.     Vertical  Circle,  No.   80.     E.   F.    Dickins,  observer;    George 

Davidson,  chief  of  party. 


Num- 

l>erpf 

days. 

Object  observed. 

Observed 

zenith 
distance. 

Reduc- 
tion to 
level  of 
station. 

Reduc- 
tion for 
eccen- 
tricity. 

Reduced  ^. 

P. 

T 
(Cent.) 

I*og  J. 

0     /     // 

// 

// 

0     /     // 

mm. 

0 

8 

Northwest  Yolo  Base 

89  59  56  7 

4-14-6 

-07 

90  00  10 '6 

750 

32 -2 

4-242  70 

7 

Mount  Diablo 

89  21  53  7 

-4-6 

+  I-I 

89  21  50*2 

750 

33*2 

4  859  91 

6 

Marysville  Butte 

89  49  20  '4 

-  4-0 

0-8 

89  49  15  -6 

751 

32-4 

4  -876  60 

8 

Vaca 

88  46  02 -o 

—  II  *9 

— o-i 

88  45  50*0 

751 

33 '4 

4  "477  55 

8 

Monticello 

88  44  35  -o 

—  10 '4 

-3"o 

88  44  21  '6 

750 

327 

4  '570  08 

Observations  mostly  between  2  houts  30  minutes  and  5  hours  30  minutes  p.  m. 
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Northwest  Yolo  Base,    August  and  September,  1880.     Vertical  Circle,  No.  80. 

George  Davidson,  chief  of  party. 


J.  J.  Gilbert,  observer ; 


Num- 
ber of 
days. 


10 

8 

II 

10 

9 
6 


I 


Object  observed. 


Vaca 
Pine  Hill 
Marysville  Butte 
Southeast  Yolo  Base 
Monticello 
Mount  Diablo 


Observed 

zenith 
distance. 


Reduc-  Reduc- 
tion to  tion  for 
level  of  eccen- 
station.  tridty. 


Reduced  ^. 


// 


// 


// 


// 


'^'      (Cent.) 

mm,        o 


Log.  s. 


89  08  51  "3  —27  -ho'i 

89  51  II  -8  — o"8  4-0-I 

89  38  29-2  — 0-8  — 0'2 

90  07  40*2  -|-io4'6  o*o 
88  21  26-8  —4*6  — 0-8 


89  08  48  7  753 

89  51  II  -I  754 

89  38  28  -2  753 

90  09  24  -8  753 
88  21  21  '4  753 


89  36  44  -o      -o  '9    4-0  -2      89  36  43  -3     754 
Observations  mostly  between  2  hours  and  5  hours  30  minutes  p.  m. 


33 '6 
327 
33*6 

33  7 
J3"5 
31*3 


4  "590  91 
4  "878  89 

4  767  95 
4*242  70 

4*461  00 
4  '947  45 


Monticello y    October,  1880.    Vertical  Circle,  No.  80.    E.  F.  Dickins,  observer ;  George  Davidson,  chief 

of  party. 


8 
8 
8 

7 
6 

8 

6 


Northwest  Yolo  Base 
Southeast  Yolo  Base 
Mount  Helena 
Mount  Diablo 
Mount  Tamalpais 
Marysville  Butte 
Vaca 


o         /             //  //  // 

91  51  38  9  -f-196  —2*3 

91  31  56*0  4-50 '8  —20 

89  34  05  -I  —  o  *i  — o  *9 

90  1 1  47  *9  —  o  '2  -fo  '4 
90  26  19*3  —10  -|-o*i 
90  30  1 1  '4  -|-  o  *2  0*0 
90  28  45  -o  —  I  *3  — o  *4 


o     /      //  mm,, 

91  51  56*2  682 

91  32  44*8  682 

89  34  04  *i  682 

90  II  48*1  683 
90  26  18 '4  682 
90  30  II  '6  682 
90  28  43  '3  683 


Pine  Hill 


90  33  37  '4  o  -o    4-0  -I       90  33  37  *5    682 

Observations  mostly  between  2  hours  and  5  hours  30  minutes  p.  m. 


o 

18 -6 
18  9 
19*2 
18*8 
18*2 
18-3 
19-9 
18 -I 


Log  5. 

4*461  00 
4  '570  08 
4  -586  33 
4*954  72 
4  "951  71 
4*833  70 

4  '522  07 

5  '019  41 


// 


// 


// 


10 

Southeast  Yolo  Base 

10 

Northwest  Yolo  Base 

9 

Monticello 

10 

Mount  Diablo 

8 

Marysville  Butte 

7 

Mount  Tamalpais 

5 

Pine  Hill 

10 

Mount  Helena 

91  2650*2     -}-63*2     -}-i 'I 
91  08  57*4    4-14*9    +o*9 


Vaca,     November,  1880.     Vertical  Circle,  No.  80.     E.  F.  Dickins,  obser\^er;  George  Davidson,  chief 

of  party. 

o     f      /f  mm,       o  Log  s. 

91  27  54  '5  701  16  *6  4  '477  55 

91  09  13  -2  701  15  *6  4  *59o  91 

o  -o    — o  *9      89  46  56  *!  701  17  *2  4  -522  07 

—  o  -I  4-07  89  46  03  *3  701  15  '^  4  '754  58 
4-  o  '3     — o  -2      90  25  03  *7  701  14  *4  4  *977  57 

—  1*1  4-0*2  90  12  26*4  701  14*4  4*827  98 
4-0*1  — o*i  90  26  30*5  700  16  "o  5  "Oil  71 
4-  o'l     — 0*6      8938  12*2  701  16 '3  4762  76 


89  46  57  *o 

89  46  02 '7 

90  25  03  -6 
90  12  27  3 
90  26  30  '5 
89  38  12  *7 


Observations  mostly  between  i  hour  and  4  hours  30  minutes  p.  m. 
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Mount  Tamalpais*  February,  March,  and  April,  1859.  Vertical  Circle,  No.  80.  George  Davidson, 
observer  and  chief  of  party.  September  and  October,  1882.  Vertical  Circle,  No.  1 1 1 .  E.  F.  Dickins 
and  J.  F.  Pratt,  observers;  George  Davidson,  chief  of  party. 


Num- 
ber of 
days. 


Object  observed. 


6  Tomales,  1859 
4  Sonoma,  1859 
3  Mount  Diablo,  1859 
3  Mount  Diablo,    1859 

13  Mount  Diablo,    1882 

19  Mount  Diablo,  mean 

9  Mount  Helena,  1882 

7  Monticello,         1882 

8  Vaca,  1882 
II  Sierra  Morena,   1882 

7  Mocho,  1882 

7  Ross  Mountain,  1882 

Observations  in  1859  between 
20  minutes  and  5  hom^ 


Obser\'ed 

zenith 
distance. 

tion  to 
level  of 
station. 

tion  for 
eccen- 
tricity. 

Reduced  ^. 

p. 

T 

(Cent.) 

Log.  s. 

0      /       // 

// 

// 

1 

0      /       // 

mm. 

0 

90  56  55  7 

-  0-8 

0*0 

90  56  54  -9 

698 

7*5 

4  -623  33. 

90  16  50-2 

-  06 

0"0 

90  16  49  "6 

698 

5-1 

4  -646  88 

89  51  33*5 

+  13  •! 

0*0 

89  51  46-6 

699 

7-8 

89  51  33  "3 

5-2 

O'O 

89  51  28-1 

700 

5*1 

89  51  33  '2 

-f-o-3 

O'O 

89  51  33  '5 
89  51  34  7 

694 

21  '2 

4  779  64 

89  56  54  *o 

-f-    1-2 

-ho -4 

89  56  55  -6 

693 

17-1 

4  -918  06 

90  15  20  "O 

+   0-3 

-fo-3 

90  15  20 -6 

694 

18-4 

4-951  71 

90  18  32  -4 

4-0-9 

-fO*2 

90  18  33  '5 

694 

19  9 

4  -827  98 

90  17  01  '9 

+  2-5 

— 0*2 

90  17  04*2 

694 

21  -9 

4  795  34 

90  08  43  -6 

-h  0-4 

— O'l 

90  08  43 '9 

694 

19 '5 

5  "oiS  31 

90  23  19-4 

-f  1-5 

-fO'I 

90  23  21  'O 

693 

187 

4-898  47 

7  hours  30  minutes  and  10  hours  20 
p.  m.;  in  1882  mostly  between  noon 


minutes  a.  m. ,  and  between  3  hom^ 
and  4  hours  30  minutes  p.  m. 


Mount  Diablo.  August  and  September,  1876.  Vertical  Circle,  No.  37.  W.  Eimbeck,  observer;  George 
Davidson,  chief  of  party.  November  and  December,  1884.  Vertical  Circle,  No.  80.  F.  Morse, 
observer;  George  Davidson,  chief  of  party. 


8 

Mount  Helena, 

1876 

0     /       // 
90  19  49  -6 

// 

+  4-9 

// 

4-0 -6 

0      /         // 

90  19  55  -I 

mm. 
662 

0 
19*1 

Log  J. 

5  032  33 

7 

Mount  Tamalpais, 

1876 

90  35  40  '3 

+  90 

— O'l 

90  35  49  -2 

662 

17-9 

4  '779  64 

8 

Monticello, 

1876 

90  29  43  5 

-f  6-0 

-f-O-2 

90  29  49  7 

662 

18-4 

4*954  72 

8 

Vaca, 

1876 

90  39  50  -I 

+  9-5 

— O'l 

90  39  59  -5 

662 

19*0 

4  '754  58 

8 

Round  Top, 

1876 

90  06  57  -4 

+    2*9 

—  I  -1 

90  06  59  -2 

662 

17-3 

5  -275  46 

6 

Marysville  Butte, 

1876 

90  45  37  -8 

+  3*6 

O'O 

90  45  41  -4 

662 

16 -I 

5  -167  94 

6 

Mount  Lolo, 

1876 

90  25  07  -6 

4-2*3 

-06 

90  25  09  -3 

661 

16 -2 

5  '339  85 

3 

Pine  Hill, 

1876 

90  43  25  -I 

+  4-4 

-03 

90  43  29  -2 

662 

157 

5-090  55 

6 

Mocho, 

1876 

90  07  54  3 

+  47 

07 

90  07  58  -3 

661 

177 

12 

Mocho, 

1884 

90  07  26  4 

+107 

-07 

90  07  36  '4 

654 

II  'O 

18 

Mocho,  mean 

90  07  43  7 

4  '739  49 

12 

Ross  Mountain, 

1884 

90  41  30  I 

4-5-1 

-ho -6 

90  41  35  -8 

653 

12*3 

5  -loi  37 

10 

Southeast  Yolo  Base, 

1884 

91  10  26*8 

4-12-3 

4-0 -2 

91  10  39  '3 

654 

10 'O 

4  -859  91 

6 

Northwest  Yolo  Base, 

1884 

91  03  26*6 

4- 10 -I 

o-o 

91  03  36  7 

654 

7-1 

4  -947  45 

Observ 

ations  in  1876  mostly  between  5  hours  15  minutes  and  8  hours  a.  m. ,  j 
minutes  and  7  hours  p.  m.;  in  1884  between  10  hours  a.  m.  and  i 

md  between 
hour  p.  m. 

3  hours  20 

*  Formerly  Table  Mountain;  name  changed  to  Mount  Tamalpais  in  1884. 
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Mocho,     September  and  October,  1887.     Vertical  Circle,  No.  57.     P.   A.  Welker,  observer;  George 

Davidson,  chief  of  party. 


Num- 
ber of 
days. 

Object  observed. 

12 

Ivoma  Prieta 

10 

Mount  Diablo 

13 

Santa  Ana 

II 

Sierra  Morena 

6 

Mount  Tamalpais 

5 

Round  Top 

9 

Mount  Conness 

observed 

zenith 
distance. 

Reduc- 
tion to 
level  of 
station. 

Reduc- 
tion for 
eccen- 
tricity. 

Reduced  <. 

P. 

T 

(Cent.) 

Log  J. 

0      /       // 

// 

// 

0      /       // 

vim. 

0 

90  17  32-3 

+  5  "I 

O'O 

90  17  37  '4 

657 

24-4 

4  -681  43 

90  17  04-3 

-}-    I  'O 

-f-O'I 

90  17  05  -4 

657 

24-4 

4  739  49 

90  23  19  '9 

+  3'3 

O'O 

90  23  23  -2 

657 

24-3 

4  -843  05 

90  41   17  '9 

-f  I '9 

o*o 

90  41   19-8 

657 

25*0 

4-826  15 

90  38  21  -I 

-f  0-9 

-ro-i 

90  38  22  -I 

656 

21-5 

5  'oiS  32 

90  08  55  -2 

-!-  o*i 

— O'l 

90  08  55  -2 

654 

26-0 

5  -277  86 

90  03  37  -4 

-  o'5 

— 0-2 

90  03  36  7 

656 

21  7 

5  '310  41 

Obser\'ations  between  1 1  hours  30  minutes  a.  m.  and  i  hour  20  minutes  p.  m. 

Mount  Helena.  October  and  November,  1876.  Vertical  Circle,  No.  37.  W.  Eimbeck,  observer; 
George  Davidson,  chief  of  party.  Augu.st,  1891.  Vertical  Circle,  No.  80.  F.  Westdahl,  obser\'er; 
E.  F.  Dickins,  chief  of  party. 


8 
6 

14 

4 
10 

8 

7 

7 
8 

5 
13 
9 
7 
6 

9 
10 

19 
8 


Mount  Diablo,  1876 

Mount  Diablo,  1891 

Mount  Diablo,  mean 
Mount  Lola,  1876 

Vaca,  1876 

Marysville  Butte,  1876 

Snow  Mountain  East,  1876 
Snow  Mountain  West,  1891 
Mount  Tamalpais,  1876 
Mount  Tamalpais,  1891 
Mount  Tamalpais,  mean 
Round  Top,  1876 

Monticello,  1876 

Pine  Hill,  1876 

Ross  Mountain,  1876 

Ross  Mountain,  1891 

Ross  Mountain,  mean 
Cold  Spring,  1891 

Mount  Sanhedrin,        1891 


O    /     //          //  ff 

90  29  03-5  -f  1-8  -ro'5 

90  29  36  '5  -f  3  -I  -fo  '5 

90  24  27  7  -f  o  '9  -f  o  '3 

90  48  17-3  4-3  7  -o'6 

90  46  14  *6  -f  2  '2  O  'O 

89  42  28  '3  -f  2  -6  —  I  '2 

89  43  03*4  4-2-6  —I  -2 

90  40  46  -8  4-2  -6  4-0  -I 
90  40  57*4  4-  3*6  4-0 -I 

90  23  56-4  4-0-9  i-o-6 

90  43  32  'I  —  I  7  -0-8 

90  48  ?o  -8  4-1  "5  -f  o  '3 

90  58  50  7  —  I  *4  -i-o  '5 

90  58  59  *9  +6  -6  4-0  -6 


o  /   //  inm,  o 

90  29  05  -8  652  10  -7 

90  29  40*1  648  30-6 

90  29  20-5 

90  24  28  -9  654  1 1  -8 

90  48  20-4  652  10 -6 

90  46  16 -8  652  9-1 

89  42  29-7  652  10 '7 

89  43  04  '8  648  30  -7 

90  40  49  -5  653  9  -2 
90  41  01  -I  648  30-2 
90  40  54  -o 

90  23  57  -9  652  8  -3 

90  43  29  -6  652  7  -8 

90  48  22  -6  654  10  -8 

90  58  49  -8  653  9  -3 

90  59  07  -I  648  29  -2 

90  58  58  '9 

90  39  27  '5  649 

90  05  08  -o  648 


Log  5. 


5  '032  33 
5  '330  15 
4-762  76 

4-965  06 
4  '902  78 
4-899  27 


4  '918  06 

5  -360  02 
4  '586  33 
5*155  48 


29-0 
28-4 


4*664  02 

4*937  51 
5-009  24 


90  39  24  -4    -h  3  -3     — o  -2 
90  05  06  -o    4-2-9    — o  '9 

Obser\'ations  in  1876  mostly  between  6  hours  40  minutes  and  9  a.m.,  and  between  3  hours  30  minutes 
and  5  hours  p.m.;  in  1891,  between  11  hours  45  minutes  a.m.  and  i  hour  5  minutes  p.m. 
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J^oss  Mountain,  December,  1859,  and  January,  i860.  Vertical  Circle,  No.  28.  G.  Davidson,  A.  T. 
Mosman,  E.  H.  Fauntleroy  and  **E.  F.,"  observers;  George  Davidson,  chief  of  party.  July, 
1891.  VerticaV  Circle,  No.  80.  E.  F.  Dickins  and  F.  Westdahl,  observers;  E.  F.  Dickins,  chief 
of  party. 


Num- 

berof 

days. 

Object  observed. 

Observed 

zenith 
distance. 

A.cauc> 
tion  to 
level  of 
station. 

Kcauc- 
tion  for 
eccen- 
tricity. 

Reduced  i. 

p. 

r 

(Cent.) 

Log  J. 

0      /        // 

// 

// 

0     /      // 

fntn. 

0 

6 

Sulphur  Peak,               1859 

89  33  20 -8 

-8-3 

O'O 

89  33  12  '5 

... 

10 '4 

4  -573  23 

5 

Sanel,                            1859 

89  47  13  'o 

-  6-2 

O'O 

89  47  06  '8 

... 

10 'O 

4-698  23 

5 

Tomales,             1859,  i860 

90  49  25  5 

-  07 

O'O 

90  49  24  -8 

... 

9*4 

4  590  79 

4 

Sonoma,              1859,  i860 

90  09  24  '8 

0-4 

O'O 

9009  24 '4 

... 

10 '6 

4  713  52 

4 

Walalla,               1859,  i860 

90  II  08 -8 

—    I  'O 

O'O 

90  II  07*8 

748 

52 

4  707  64 

10 

Mount  Sanhedrin,        1891 

89  49  14-0 

-\-   O'l 

O'O 

89  49  14  -I 

704 

29*3 

5  -050  02 

II 

Snow  Mountain  West,  1891 

89  34  04  -6 

-f-  o*i 

-|-0'I 

89  34  04  -8 

704 

29 '4 

5  "007  34 

12 

Mount  Helena,             1891 

89  22  II  *4 

O'O 

+o'7 

89  22  12 'I 

704 

27 '8 

4  -664  02 

8 

Mounf  Diablo,               189 1 

90  14  50  '4 

-f  0-4 

-}-0'2 

90  14  51  -o 

704 

28 '6 

5  -loi  37 

9 

Mount  Tamalpais,        1891 

90  12  18-5 

4-0*2 

-ho  I 

90  12  18 '8 

704 

297 

4-89847 

Observations  in  1859  and  i860  mostly  between  9  hours  a.m.  and  noon,  and  between  2  hours  and  3 
hours  45  minutes  p.m.;  in  1891,  between  11  hours  50  minutes  a.m.  and  i  hour  10  minutes  p.m. 

Snow  Mountain  West,     May  and  June,  1892.    Vertical  Circle,  No.  iii.    F.  Westdahl,  observer;  E.  F. 

Dickins,  chief  of  party. 

o     /       //  // 

90  54  16 '4     —  0'2 

91  16  30*8      -|-  0'2 

91  13  39 'I  O'O 

90  35  09  '8    -  7  9 


9 
7 
6 

8 
7 


Mount  Helena 
Cold  Spring 
Ross  Mountain 
Mount  Sanhedrin 
Snow  Mountain  East 


89  41  20  '2    +65  '4    —6  '5 


// 

0     /      // 

tntn. 

0 

Log  5. 

'  O'O 

90  54  16  -2 

586 

10 '4 

4-899  27 

— 0*2 

91  16  30 '8 

586 

12 '3 

4  -885  84 

O'O 

91  13  39-1 

587 

13-3 

5  -007  34 

o'3 

90  35  ^^  -6 

586 

10 '8 

4-517  09 

-6 '5 

89  42  19 -I 

585 

9'o 

2  965  59 

Obsen^ations  between  11  hours  45  minutes  a.m.  and  i  hour  10  minutes  p.m. 


Cold  Spring.  October,  1878.  Vertical  Circle,  No.  37.  B.  A.  Colonna,  E.  F.  Dickins,  observers;  B.  A. 
Colonna,  chief  of  party.  October  and  November,  1891.  Vertical  Circle,  No.  80.  E.  F.  Dickins 
and  F.  Westdahl,  observers;  E.  F.  Dickins,  chief  of  party. 


5 

7 

7 
6 

6 

7 

5 
12 

7 
7 

14 

2 

6 
8 
I 

5 
6 

7 


Great  Caspar,  1878 

Two  Rock,  1878 

Walalla,  1878 

Snow  Mountain  West,  1891 
Mount  Helena,  1891 

Mount  Sanhedrin,  1878 
Mount  Sanhedrin,  1891 
Mount  Sanhedrin,  mean 


Paxton, 
Paxton, 
Paxton,  mean 
Fisher, 
Fisher, 
Fisher,  mean 
Dunn, 
Dunn, 
Dunn,  mean 
Sanel  Mountain, 


1878 
1891 

1878 
1891 

1878 
1891 

1878 


0     /        // 

// 

// 

0     /      // 

mm. 

0 

Log  J. 

90  50  05  '3 

-|-2I9'6 

O'O 

90  53  44  "9 

685 

•   •  •   • 

4  '594  46 

90  08  15  '5 

-f-  3-1 

O'O 

90  08  18  -6 

685 

•   ■   •   • 

4  -582  89 

90  33  09  5 

+55  7 

O'O 

90  34  05  '2 

684 

•   ■  •   • 

4-267  79 

89  18  50 -I 

+  4-6 

-fo'5 

89  i8  55  -2 

691 

147 

4  -885  84 

90  00  16  -2 

H-  4-0 

+0'I 

90  00  20  '3 

692 

14 '2 

4-937  51 

89  20  33  -o 

4-5-5 

O'O 

89  20  38  '5 

685 

•    •    •    • 

89  20  17  '6 

-f  4-0 

-}-0'2 

89  20  21  '8 
89  20  31  '5 

692 

137 

4  -819  82 

89  32  51  7 

+46-1 

O'O 

89  33  37  -8 

685 

■    ■    ■    • 

89  32  42  -2 

+36-3 

+07 

89  33  19  -2 
89  33  28  '5 

691 

14 -8 

4  '344  85 

91    II    38 '2 

+  16 '3 

O'O 

91  II  54*5 

684 

•  •  •  • 

91  10  30  '5 

+89-3 

-}-o'5 

91   12  00 '3 
91  II  58 '8 

691 

14 '4 

3  -869  32 

91  21  43 '9 

+62 -8 

O'O 

91  22  46 '7 

686 

■  •  ■  • 

91  20  30 'I 

4-69  0 

4-2 '7 

91  21  41  '8 
91  21  52 '6 

691 

13-4 

4  -028  08 

89  42  31  -6 

+32-1 

O'O 

89  43  03  7 

685 

■  •  •  • 

4*442  73 

Observations  in  1878  between  12  hours  15  minutes  and  4  hours  40  minutes  p.  m.;  in  189 1  between  11 

hours  15  minutes  a.  m.  and  i  hour  15  minutes  p.  m. 

18732 — No.  4 18 
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Mount  Sannedrin.  September  and  October,  1880.  Vertical  Circle,  No.  37.  J.  F.  Pratt,  observer;  A. 
F.  Rogers,  chief  of  party.  September,  1S91.  Vertical  Circle,  No.  80.  F.  Westdahl,  observer;  E. 
F.  Dickins,  chief  of  party. 


Num- 
ber of 
days. 

Object  observed. 

observed 

zenith 
distance. 

tion  to 
level  of 
station. 

K.cauc- 
tion  for 
eccen- 
tricity. 

Reduced  <. 

P. 

T 

(Cent.) 

I/>g^. 

0     /        // 

// 

// 

0     /      /^ 

uim. 

0 

14 

Cold  Spring, 

1880 

91  09  56  -2 

-f-   23 

O'O 

91  09  58  5 

610 

17*2 

7 

Cold  Spring, 

1891 

91  09  50  7 

-f  2-6 

-fo-4 

91  09  537 

603 

18 '3 

21 

Cold  Spring,  mean 

91  09  56  '9 

4  -819  82 

12 

King  Peak, 

1880 

90  45  37  '8 

-h   0-5 

O'O 

90  45  38  '3 

610 

17-3 

5  -053  73 

16 

Paxton, 

1880 

91   13  20-5 

-fi6-9 

O'O 

91  13  37  4 

610 

14-0 

4-664  44 

15 

Two  Rock, 

1880 

91  51   18-9 

-fi6-8 

O'O 

9^  51  35  7 

610 

139 

4  539  63 

16 

Cahto, 

1880 

90  54  55  -4 

-|-I2'I 

O'O 

90  55  07  -5 

610 

14-1 

4  659  20 

8 

Mount  Lassie, 

1880 

90  26  25  3 

o*o 

O'O 

90  26  25  3 

610 

157 

4  995  27 

10 

Great  Caspar, 

1880 

91  44  317  -f-1457 

O'Q 

91  46  57  -4 

610 

157 

4  757  12 

7 

Mount  Helena, 

1891 

90  42  36  3 

+    17 

O'O 

90  42  38  -o 

603 

18 -2 

5-009  24 

8 

Snow  Mountain  West, 

1891 

89  40  24  -5 

+  5-6 

4-0'7 

89  40  30  -8 

603 

18 -2 

4-517  09 

5 

Ross  Mountain, 

189T 

91  03  06  '5 

4-  1-8 

O'O 

91  03  08  '3 

603 

17 '9 

5  -050  02 

Observations  in  1880  mostly  between  9  hours  a.  m.  and  i  hour  20  minutes  p.  m.;  in  1891  between  noon 

and  I  hour  5  minutes  p.  m. 

Two  Rock,     November,  1879.     Vertical  Circle,  No.  37.     D.  B.  Wainwright,  observer;  A.  F.  Rogers, 

chief  of  party. 


0     /       // 

// 

// 

0        /           // 

mm,      0 

Log  J. 

6 

Paxton 

89  40  49  '4 

+29 -8 

O'O 

89  41    19 '2 

..       4 '441  25 

6 

Cold  Spring 

90  08  32  'I 

+247 

O'O 

90  08  56  -8 

•  •  •              •  • 

. .       4  -582  89 

6 

Great  Caspar 

91  13  24-3 

+383  -3 

O'O 

91  19  47  '6 

•  •  •              •  •  1 

.       4  -376  28 

6 

Mount  Sanhedrin 

88  23  34  '4 

-h22'I 

O'O 

88  23  56  '5 

■  •  •              •  • 

4  -539  63 

2 

Cahto 

89  26  46  '8 

H-43  "3 

O'O 

89  27  30 -I 

•  •  •              •  • 

•       4  -578  05 

Observations  between  9  hours  10  minutes  a.  m.  and  2  hours  30  minutes  p.  m. 

Sulphur  Peak,    September  and  October,  1859.     Vertical  Circle,  No.  28.     G.  Davidson,  A.  T.  Mosman, 

observers;  G.  Davidson,  chief  of  party. 


4 

5 

2 

3 
4 
I 


0     /       // 

// 

/f 

0     /      //     mm. 

0         Log  5. 

90  34  55  5 

-  o'3 

O'O 

90  34  55  -2     ... 

. • . .      4  -735  45 

90  43  43  •! 

O'O 

O'O 

90  43  43  -I     ... 

•  • . .       4  -573  23 

90  59  2^  -5 

-  o'6 

O'O 

90  59  22  '9     ... 

4  '815  06 

90  35  52  -I 

-  05 

O'O 

90  35  51  -6     ... 

....       4  760  50 

90  II  157 

+  17.4 

O'O 

90  II  33  I         • 

....       4-582  20 

89  21  39  '9 

-14-5 

O'O 

89  21  25  '4     ... 

....       4  -327 

Sonoma 
Ross  Mountain 
Tomales  Bay 
Walalla 

Sanel  Mountain 
Mount  Helena,  land  survey 
station 

Observations  between  8  hours  25  minutes  a.  m.  and  6  hours  i  minute  p.  m. 

Sanel  Mountain,    July  and  August,  1878.     Vertical  Circle,  No.  37.     B.  A.  Colonna,  observer  and  chief 

of  party. 

o    /      /^  //  //        o     /      //      mm, 

4       Ross  Mountain  90  35  43  'o  —  2  'i 

I       Walalla  905040*4  -|-io'4 

4       Cold  Spring  902940*7  —II '6 

3  Paxton  90  02  16  'o  +26  '4 

4  Sulphur  Peat  90  05  59  '4  —  o  '2 

Observations  between  9  hoars  25  minutes  a.  m.  and  5  hours  49  minutes  p.  m. 


// 

0        /           // 

O'O 

90  35  40  9 

O'O 

99  50  50  -8 

O'O 

90  29  29  I 

O'O 

90  02  42  '4 

O'O 

90  05   59  '2 

Log  J. 

4  -698  23 

4-421  47 

4  -442  73 

4*349  15 
4*582  20 
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Walalla.     August,  1878.     Vertical  Circle,  No.  37.     B.  A.  Colonna,  obser\'er  and  chief  of  party. 


Num- 
ber of 
days. 

Object  ob» 

5 

Cold  Spring 

3 

Paxton 

5 

Sanel  Mountain 

6 

Sulphur  Peak 

4 

Ro^s  Mountain 

Obser\'ed 

zenith 
distance. 

reduc- 
tion to 
level  of 
station. 

Reduc- 
tion for 
eccen- 
tricity. 

Reduced  ^         P. 

T 

(Cent.) 

I*og  J. 

0     /        // 

// 

// 

0     /      //     mm. 

0 

89  34  40  -9 

-17-8 

0  'O 

89  34  23  •!      •  •  • 

4-267  79 

89  31  49*6 

-fi6-3 

O'O 

89  32  05  '9     ... 

4  '542  67 

89  20  10 '8 

-f  167 

O'O 

89  20  27  '5     ... 

4-421  47 

89  50  35  -I 

o*3 

O'O 

89  50  34  -8     ... 

4  -760  50 

90  "  33*5 

—    2  '2 

O'O 

90  II  31*3     ••• 

4  -707  64 

1  I  hour  45  minutes  and  4  hours  x^  minutes  p. 

m. 

Paxton.     December,  1878. 


Vertical  Circle,  No.  37.     B.  A.  Colonna,  E.  F.  Dickins,  observers;  B.  A. 
Colonna,  chief  of  party. 


0    /      // 

ff 

// 

0    /      //    mm. 

0 

8 

Mount  Sanhedrin 

89  07  23  '9 

-0-3 

O'O 

89  07  23  '6     ... 

...       4  -664  44 

10 

Two  Rock 

90  30  40  -8 

-f   13 -I 

0-0 

90  30  53  '9     .  •  • 

....       4-441  25 

9 

Great  Caspar 

91  04  42  9 

+  196 -8 

0-0 

91  07  59*7     ... 

....       4  -622  93 

12 

Cold  Spring 

90  36  06  'O 

-r  33-8 

00 

90  36  39  -8     ... 

....       4  -344  85 

12 

Walalla 

90  43  26  '5 

-f  18 -8 

O'O 

90  43  45  -3     ... 

....       4  -542  67 

12 

Sanel  Mountain 

90  06  58  '9 

+  23-0 

O'O 

90  07  21  '9     ... 

...•       4-34915 

I 

Fisher 

90  54  49  -4 

—    10 '2 

O'O 

90  54  39  -2     ... 

....       4  -397  38 

Observations  between  noon  and  3  hours  32 

minutes  p.  m. 

reat 

Caspar.     November, 

1878. 

Vertical  Circle 

i,  No.  37. 

J.F. 

Pratt,  observer;  B.  A.  Colonna,  chief 

of 

party. 

0    /      // 

// 

// 

0     /      //    mtn. 

0 

5 

Chemise  Mountain 

89  57  29  '3 

—106-3 

O-Q 

89  55  43  -o     ... 

....       4-895  27 

7 

Cahto 

88  49  02  8 

-169-7 

0-0 

88  46  13  -I     ... 

....       4  -604  55 

9 

Mount  Sanhedrin 

88  41  22  'I 

-145-4 

O'O 

88  38  56  '7     ... 

....       4-757  12 

10 

Two  Rock 

88  56  10  '9 

-333  -7 

O'O 

88  50  37  -2     ... 

....       4  '376  28 

5 

Paxton 

89  13  28-9 

—  182-1 

O'O 

88  10  26  -8     ... 

4  '622  93 

7 

Cold  Spring 

89  27  06  '5 

—  192-0 

O'O 

89  23  54  -5     •  • . 

....       4  -594  46 

Observations  between  noon  and  3  hours  45  minutes  p.  m. 


Cahto.     October  and  November,  1880.     Vertical  Circle,  No.  37, 

chief  of  party. 


8 

Mount  lassie 

8 

King  Peak 

9 

Mount  Sanhedrin 

6 

Two  Rock 

6 

Cold  Spring 

6 

Great  Caspar 

0    /      // 

// 

ft 

0    /      //    mm 

89  52  51  5 

-     o'8 

O'O 

895250-7     ... 

90  18  05  '9 

O'O 

O'O 

90  18  05  -9     . . . 

89  25  07  'I 

+  32-4 

O'O 

89  25  39-5     .    ■ 

90  48  59  '2 

+  23 '9 

O'O 

90  49  23  -I     . .  ■ 

90  37  23  '5 

-f  22-2 

O'O 

90  37  45  -7     .  ■  ■ 

91    28   24 '2 

+205-7 

O'O 

91  31  49  '9     . 

Observations  between  10  hours  a.  m.  and  3  hours  10  minutes  p 


J.  F.  Pratt,  observer;  A.  F.  Rogers, 


4  -856  83 

4  -844  92 
4 '659  20 

4  -578  05 
4 '868  74 
4-604  55 
m. 
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3.    COMPUTATION   OF   COEFFICIENT  OF  REFRACTION. 

In  deducing  the  coeflBcient  of  refraction  m,  we  must,  as  usual,  make  the  assumption 
of  equality  of  angle  of  refraction  at  the  upper  and  lower  stations,  treat  the  observations 
of  zenith  distances  as  **  simultaneous  reciprocal,'*  though  made  in  different  years  and 
different  months,  and  take  m  as  referring  to  the  hours  of  the  day  when  the  refraction  is 
near  its  minimum.     The  coefficient  of  refraction  was  computed  by  the  formula— 


.// 


m  =  o's 


sm  I    ,-    ,    -  «  ox 

^  ^r"  (^' + ^"  ~ '^°^ 


nn 


s" 


and  its  relative  weight  by  ^  =      j.  "     •  — 73,  where  p,  the  radius  of  cur\'ature,  was  taken 

/*j  -p  Wjj     10 

from  the  table  presented  on  a  preceding  page.     In  the  following  tables  the  resulting  m's 

are  arranged  in  two  groups  (a)  of  stations  close  to  the  coast  and  (d)  of  stations  farther 

inland.*    The  values  derived  from  special  observations  at  Ross  Mountain  and  Bodega 

Head  in  i860  and  at  Mount  Diablo  and  Martinez  East  in  1880  are  included. 


Values  of  the  coejffidefit  of  refraction^  w,  coast  of  California, 


Stations. 


(a)  From  lines  close  to  the  seacoast. 

Stations. 


Ross  Mountain  to  Tomales  Bay  * 
Ross  Mountain  to  Sonoma  Moun- 
tain* 
Cahto  to  Great  Caspar 
Great  Caspar  to  Cold  Spring 
Cold  Spring  to  Walalla 

Walalla  to  Ross  Mountain 

Ross  Mountain  to  Mount  Tamalpais 

Cahto  to  Two  Rock 

Great  Caspar  to  Two  Rock 

Two  Rock  to  Cold  Spring 


m. 

P' 

•no 

0-19 

•099 

•27 

•085 

•52 

•084 

•45 

•077 

•10 

•088 

•52 

•083 

2-47 

•087 

0-2I 

•093 

•21 

•083 

•47 

Two  Rock  to  Paxton 
Cold  Spring  to  Paxton 
Paxton  to  Sanel  Mountain 
Cold  Spring  to  Sanel  Mountain 
Walalla  to  Sanel  Mountain 
Sanel  Mountain  to  Ross  Mountain 
Ross  Mountain  to  Bodega  Head 
Walalla  to  Paxton 
Paxton  to  Great  Caspar 


•090 

•075 
•083 

•080 

•102 

•077 

•096 

•079 

•092 


P- 
0^29 

•32 
•12 

•20 

•06 

•55 

•15 
•29 

•57 


Weighted  mean  from  19  values   '085  4 


*  The  two  values  marked  by  an  asterisk  were  deduced  from  the  approximate  expression  m  =  0*5  -  77(^/1  —  s  cot  ^), 


J2 


with  the  weight 


n 
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(3^  From  lines  farthef  from  the 
Stations. 


Mount  Diablo  to  Yolo  Base  SE. 
Vaca  to  Yolo  Base  SE. 
Monticello  to  Yolo  Base  SE. 
Mount  Diablo  to  Yolo  Base  NW. 
Vaca  to  Yolo  Base  NW. 
Monticello  to  Yolo  Base  NW. 
Monticello  to  Vaca 
Mount  Diablo  to  Monticello 
Mount  Diablo  to  Vaca 
Monticello  to  Mount  Tamalpais 
Mount  Tamalpais  to  Vaca 
Mount  Diablo  to  Mount  Tamalpais 
Mocho  to  Mount  Diablo 
Mocho  to  Mount  Tamalpais 
Mount  Helena  to  Monticello 
Mount  Helena  to  Vaca 
Mount  Helena  to  Mount  Diablo 
Mount  Helena  to  Cold  Spring 
Cahto  to  Mount  Sanhedrin 


m. 

P' 

•085 

2  16 

•076 

0*40 

•073 

o'55 

•079 

2*35 

•072 

076 

•073 

o"35 

•065 

0*40 

•072 

3*03 

•076 

1-44 

•069 

2-58 

•073 

1-69, 

•077 

1-85 

•081 

1-94 

•081 

3 '52 

•077 

056  ; 

•075 

1-68  , 

•076 

5  92 

•073 

2-57 

•077 

I  '20 

coast ^  hit  affected  by  its  climate. 

Stations.  ^  . 

fn,  p. 

Two  Rock  to  Mount  Sanhedrin  '084  o  '51 

Great  Caspar  to  Mount  Sanhedrin  '079  i  -54 

Mount  Sanhedrin  to  Cold  Spring  '072  3  '33 

Paxton  to  Mount  Sanhedrin  '079  2  '50 

Mount  Sanhedrin  to  Snow  Mtn.  West  '062  o  '43 

Snow  Mtn.  West  to  Cold  Spring  "072  i  '91 

Ross  Mountliin  to  Snow  Mtn.  West  '066  4  '03 

Mount  Helena  to  Mount  Sanhedrin  '067  3  '65 

Ross  Mountain  to  Mount  Sanhedrin  '068  4  '20 

Mount  Helena  to  Snow  Mtn.  West  '064  2  '48 

Sanel  Mountain  to  Sulphur  Peak  "074  o  '29 

Sulphur  Peak  to  Ross  Mountain  '081  o  '38 

Sulphur  Peak  to  Walalla  -074  o  '66 

Ross  Mountain  to  Mount  Helena  '074  i  '57 

Mount  Helena  to  Mount  Tamalpais  '077  3  "65 

Mount  Diablo  to  Martinez  East  '088  o  '41 

Mount  Diablo  to  Ross  Mountain  "086  7  '66 

Weighted  mean  from  36  values  '075  i 


These  results  are  in  accordance  with  the  known  influence  of  a  coast  climate  on  the 
atmospheric  refraction,  which  is  to  increase  it.  For  the  19  lines  close  to  the  coast — say 
within  20  or  30  kilometres  of  it — ^we  find  the  value  m  =  0*085  4»  whereas  farther  inland — 
say  within  60  or  90  kilometres — it  has  diminished  to  0*075  i. 

4.    COMPUTATION   AND  ADJUSTMENT  OF   DIFFERENCES  OF   HEIGHT. 

The  method  of  treatment  will  be  the  same  as  that  adopted  in  determining  the 
heights  in  eastern  Colorado,  except  that  in  this  adjustment  only  those  differences  of 
height  derived  from  reciprocal  zenith  distances  will  be  used. 

The  difference  of  the  heights  h^^—  h^  of  tw^o  stations  at  which  the  reciprocal  zenith 
distances  C„  C,  were  observed  is  given  by  the  usual  formula — 

A.->4.=  .tan^(C.-C.)[i+^t^+j^+...] 

where  s  is  the  horizontal  distance  at  sea  level  and  p  the  radius  of  curvature  in  the  plane 

of  the  measure.      The  relative  weight   is  taken  equal   to  ^   '  ,  " — r-z,  where  n    n 

represent  the  number  of  days  of  observation  at  the  two  stations,  respectively. 

In  the  present  case  there  are  21  stations,  tor  6  of  which  the  heights  are  fixed  by 
spirit  leveling,  leaving  15  heights  to  be  determined.  For  this  purpose  we  have  51 
differences  of  height  from  zenith  distances,  but  of  these  3  fall  out,  being  already  known 
from  spirit  leveling.     Consequently  the  number  of  observation  equations  is  48,  adopting 
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the  method  of  ** indirect  observations**   in  contradistinction   to  that  of  conditional 
observations.     The  following  values  for  heights  of  stations  were  assumed: 


m. 

» 

tn. 

Vaca 

730  -f  ^« 

Cold  Spring 

834  +  ^9 

Monticello 

932  +  X, 

Paxton 

I   037  -f  Xro 

Mount  Tamalpais 

790  +  ^3 

Snow  Mountain  West 

7     145  -l--*-!! 

Mocho 

I  247  +  ^4 

Mount  Sanhedrin 

I  884-h;r„ 

Mount  Helena 

I  322-f  ;rs 

Great  Caspar 

32i-f-;ir,3 

Sulphur  Peak 

I  055  -f-  ^6 

Two  Rock 

837  -f  ^14 

Sanel  Mountain 

I    022  4--*'7 

Cahto 

I  290  +  ;r,5 

Walalla 

673  +  ^8 

The  heights  of  the  six  fundamental  stations  are: 


Sonoma  Mountain 
Tomales  Bay 
Ross  Mountain 


tn. 

698  56 
205-13 
672  23 


Mount  Diablo 
Yolo  Base  SE. 
Yolo  Base  NW 


I  173-10 
21-66 
46-66 


Resulting  differences  of  height  from  reciprocal  nonsimultaneous  zenith  distances y  as  directly  com 

puled  and  as  culjt^sted,     {See  farther  on. ) 


stations. 


Mount  Diablo  to  Yolo  Base  SB. 

Vaca  to  Yolo  Base  SH. 

Monticello  to  Yolo  Base  SB. 

Mount  Diablo  to  Yolo  Base  NW. 

Vaca  to  Yolo  Base  NW. 

Monticello  to  Yolo  Base  NW. 

Monticello  to  Vaca 

Mount  Diablo  to  Monticello 

Mount  Diablo  to  Vaca 

Monticello  to  Mount  Tamalpais 

Mount  Tamalpais  to  Vaca 

Mount  Diablo  to  Mount  Tamalpais 

Mocho  to  Mount  Diablo 

Mocho  to  Mount  Tamalpais 

Mount  Helena  to  Monticello 

Mount  Helena  to  Vaca 

Mount  Helena  to  Mount  Diablo 

Mount  Helena  to  Mount  Tamal- 
pais 

Mount  Diablo  to  Ross  Mountain 

Mount  Tamalpais  to  Ross  Moun- 
tain 

Mount  Helena  to  Ross  Mountain 

Snow  Mountain  West  to  Mount 
Helena 

Snow  Mountain  West  to  Ross 
Mountain 

Mount  Helena  to  Cold  Spring 

Snow  Momitain  West  to  Cold 
Spring 

Snow  Mountain  West  to  Mount 
Sanhedrin 


Difference  of 

Dis- 

height- 

crep- 

Observed Adjusted 

ancy 

m. 

m. 

m. 

I  146  53 

*i  151  "44 

(4-91) 

708  06 

70809 

0*03 

910  -32 

91073 

0*41 

I  119*92 

"i  126*44 

(6-52) 

682-87 

683*09 

0*22 

885-69 

885-73 

0*04 

202  24 

202*63 

039 

236  28 

240*71 

4*43 

445  "90 

443 '35 

2-55 

142  70 

141  65 

1-05 

59-81 

60  98 

1*17 

3*^7 -46 

382*36 

5'io 

7475 

73-85 

0*90 

449-69 

456*21 

6*52 

38963 

389*70 

0*07 

59087 

592 -33 

1-46 

147-68 

148 -98 

1-30 

529  70 

531-35 

1-65 

491  "38 

♦500-87 

(9  "49) 

127  08 

118-51 

8-57 

649  '53 

649-85 

0*32 

821  32 

823  -58 

2*26 

Stations. 


Difference  of        Dis- 
height—  crep- 

Observed  Adjusted  ^"^>' 


I  473*38  I  473*43  005 

492*82  488*12  4*70 

I  315-46  I  311-69  3*77 

260*87  261-04  0*17 


Mount     Sanhedrin    to     Mount 

Helena 
Mount  Sanhedrin  to  Ross  Moun- 
tain 
Mount  Sanhedrin  to  Cold  Spring 
Two  Rock  to  Cold  Spring 
Mount  Sanhedrin  to  Two  Rock 
Sulphur  Peak  to  Ross  Mountain 
Sanel  Mountain  to  Ross  Moun- 
tain 

,  Sulphur  Peak  to  Sanel  Mountain 
Walalla  to  Ross  Mountain 
Sulphur  Peak  to  Walalla 
Sanel  Mountain  to  Walalla 
Sanel  Mountain  to  Cold  Spring 
Cold  Spring  to  Walalla 
Paxton  to  Sanel  Mountain 
Paxton  to  Walalla 
Paxton  to  Cold  Spring 
Mount  Sanhedrin  to  Paxton 
Cold  Spring  to  Great  Caspar 
Paxton  t9  Great  Caspar 
Mount  Sanhedrin  to  Great  Cas- 
par 
Paxton  to  Two  Rock 
Two  Rock  to  Great  Caspar 
Mount  Sanhedrin  to  Cahto 
Cahto  to  Great  Caspar 
Cahto  to  Two  Rock 


m. 
557*32 


m. 

562  54 


I   206*42     I    212*39 


m. 


5-22 


5-97 


I  051  '37 

I  050*65 

0*72 

3-54 

363 

0*09 

I  046  87 

1  047*03 

016 

383*93 

382-32 

1*61 

352*66 

349-79 

2-87 

30*93 

32*53 

I -60 

2*91 

1-30 

1*61 

379*46 

381*02 

1*56 

347  "02 

348-49 

1*47 

187*17 

iS8-o6 

0*89 

160*89 

160 '44 

0-45 

15-14 

15  13 

0*01 

363-67 

363  62 

005 

203  38 

203*18 

020 

848-12 

847-47 

0-65 

513  -67 

513-10 

0-57 

717-70 

716-29 

1*41 

I  563*82 

1  563-76 

o*o6 

199*21 

199-56 

0*35 

516*15 

516  -73 

0*58 

593*86 

594-46 

o*6o 

969*37 

969*30 

0*07 

450-87 

452*57 

1*70 

*  Values  resulting  from  spirit  leveling. 
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Observation  equations  and  their  weights. 


o=-f  o  'aS-f^r, 

49-3 

0= 

-9 '31+^  3 

6-3 

0=4-2  -544-^  6—^  8 

6-0 

o=-|-o  •o2-f-;ra 

29-0 

0— 

4-0  -244-:^  5 

34-6 

o=— I  -984-^  j—X  8 

12  *0 

o=-|-o  •47-h-^. 

32  9 

0= 

4-i-684-:«r„-;rs 

6-2 

0=4-0  -83 4- AT  j—X  5 

33*2 

o=-o-35-f;r. 

507 

0= 

-0  •6i4-.r„ 

3-8 

0=4-0  -ii-f-jr  9—  Xs 

84-9 

o=— o  '24+ ;ra- 

-^i 

32  5 

0= 

-4  •824-;r  5-Ar  J 

4-6 

0=— 0  '144-^10—  ^7 

48*1 

0=— 4  '^2-\-Xt 

4-6 

0= 

— 4-464-^„— ^9 

5*5 

0=4-0  -33+^10—^  8 

197 

O— f  2  -So+^l^i 

13-8 

0= 

4-o-i34-^„— ;ir„ 

37-0 

o=— 0  •384-;r,o— J-  9 

131*8 

0=— O  70— JTa- 

-^3 

4-0 

0= 

4-4  '6S-{-Xt,—x  5 

3*4 

0— I  •i24-;r„— jTjo 

55 -o 

o=-f-o  19+^3- 

-Xr 

8-2 

0= 

+5  •35+^.a 

2-6 

o=— 0  -674-^  9—^13 

18*9 

o=+4  -36+^3 

14-1 

0= 

—  I '374-^x3—^  9 

17-5 

o=— I  •7o+;r,o— ^,3 

18 -2 

o=— 0  ■85+;r4 

21  '3 

0= 

0-544-^,4    ^9 

22 'O 

0=— 0  •824--*"xa— ^ij 

14*5 

o=-f7 '31+^4- 

-^3 

3*o 

0= 

4-0  •i34-^„— ;r,4 

35  7 

0=4-079+^10— -«^u 

49*2 

o=-f  0  -37+^5- 

-^9 

25  •! 

0= 

—I  •i64-;r6 

19 '5 

o=— o-i54-;tr,4— ;r,3 

66*2 

o=+i  •i3+:r5- 

-^i 

14-9 

0= 

~2  •894-;r ; 

8-9 

0=4-0  •i44-.r„— Ar,5 
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0=4-1  •22-f;r5 

4*4 

0= 

4-2-074-^6—^7 

137 

o=-o -374-^x5— ■**xs 

20 -o 

0=4-2  -30+^5- 

-^3 

7-8 

0= 

-2  -144-^  8 

7  7 

0=4-2 -134- ;trx5—:rx4 

10*5 

The  formation  and  soluti 

on  c 

>f  the  normal  equations 

gave  the  following  results: 

Xi=—0  '2i 

\7 

X  6=— 0  '449 

^xi=4-o  -659 

^.=+o-3J 

^ 

^  7=4-0  "021 

;ir,a=4-o  '620 

^3=-f  0  7: 

J6 

^  8=4-0  -529 

^13-    0-139 

.jr4=— 0  'o' 

55 

^9=    o'034 

^i4=-f  0  -593 

;r5=-{-o  -oi 

53 

^io=-f-o  -151 

^i5=+o  "164 

Resulting  heights. 

tn. 

m. 

Feet. 

fn,          tn 

Feet, 

Vaca 

72975  =i=« 

050 

2  394 -2 

Cold  Spring 

833*97  ±0 

•95    2  736 

•I 

Monticello 

932  39      « 

3 -51 

3  059*0        Paxton 

I  037  -15      0 

•96    3  402 

•7 

Mount  Tamalpais 

790  74      < 

3*91 

2  594  '3        Snow  Mountain  West     2  145  *66      i 

•14    7  039 

•5 

Mocho 

I 

24694 

I  -18 

4  091  *o        Mount  Sanhedrin            i  884  '62      0 

•99    6  183 

•I 

Mount  Helena 

I 

322  -08      i 

3-62 

4  337  -5 

Great 

Caspar 

320  -86      I 

*09    I  052 

•7 

Sulphur  Peak 

I 

054  *55 

I  -04 

3  459*8 

Two  Rock 

837  -59      I 

•05    2  748 

•0 

San  el  Mountain 

I 

022  '02        < 

5*97 

3  353  -I 

Cahto 

I  290*16  dil 

-24    4  232 

-8 

Walalla 

673'5.'%  i:< 

j-go 

2   20Q*7 

The  probable  error  of  an  observation  of  unit  weight  equals — 

^'^74  Y  ^^_  j  =  =t  5-81  metres 


and  the  probable  error  of  a  resulting  height  =  5 '8 iV( reciprocal  of  weight  coefl&cient). 
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• 
D.  HOURLY  OBSERVATIONS  OF  ZENITH  DISTANCES  FOR  ATMOS- 
PHERIC REFRACTION  OVER  THE  LINE  JACKSON  BUTTE,  AMADOR 
COUNTY,  AND  ROUND  TOP,  ALPINE  COUNTY,  CALIFORNIA,  WITH 
CORRESPONDING  METEOROLOGICAL  OBSERVATIONS.  BY  G. 
DAVIDSON,  ASSISTANT,  IN  SEPTEMBER  AND  OCTOBER,   1879. 

[Reported  by  C.  A.  ScHOTT,  Assistant,  June,  1884.] 
I.    INTRODUCTORY   REMARKS. 

In  connection  with  similar  observations  on  the  Pacific  coast  undertaken  by  the 
same  observer  three  years  before,  it  appeared  desirable,  for  the  study  of  the  changes  in 
refraction  under  different  climatic  conditions,  to  extend  these  researches  by  new  obser- 
vations to  a  locality  in  or  near  the  San  Joaquin  Valley.  Jackson  Butte  Station  is  on 
one  of  the  foothills  on  the  western  slope  of  the  Sierra  Nevada,  about  714  metres  (2  342 
feet)  above  sea  level,  while  Round  Top  is  one  of  the  primary  stations  on  the  crest  of 
the  Sierra  at  an  elevation  of  about  3  173  metres  (10  410  feet).  The  western  flank  of 
the  Sierra  is  sparsely  timbered,  and  patches  of  snow  are  found  near  the  top.  The 
two  stations  are  distant  about  72*4  kilometres  (45  statute  miles).  At  Jackson  Butte 
the  observations  were  made  by  J.  F.  Pratt,  sub- Assistant;  at  Round  Top  by  G.  Davidson 
and  J.  J.  Gilbert,  Assistants.  The  distance  and  geographic  position  of  the  butte  became 
known  from  horizontal  angles  measured  there  and  at  Round  Top,  whence  we  derive  the 
following  results:  * 

Round   Top,     latitude,   38°  39'  43"*o6;   longitude,  120°  00'  02"*24. 

Jackson  Butte,  latitude,  38°  20'  i7"*62;   longitude,  120°  43'  i4"'73. 

Distance  ^  =  72  372*6  metres  and  log  s  =  4*859  574. 

Azimuth,  Jackson  Butte  to  Round  Top,  240°  00'  19";  reverse  azimuth,  60°  27'  13". 

2.    OBSERVATIONS   AT    ROUND   TOP. 

The  hourly  observations  made  here  were  intended  to  be  simultaneous  with  those  at 
Jackson  Butte,  weather  permitting.  They  commence  with  September  8  and  terminate 
with  October  5 ,  comprising  fourteen  days  on  which  observations  were  made.  A  hiatus 
exists  between  September  18  and  October  2.  The  angular  measures  were  taken  with 
Gambey  vertical  circle  No.  80  (of  25-centimetre,  or  lo-inch,  diameter),  which  reads  by 
four  verniers  to  3"  each;  one  division  of  the  level  equals  3"*5;6.  Each  set  of  hourly 
observ^ations  consists  of  three  repetitions  of  the  double  zenith  distance,  inclusive  of  four 
sets  of  level  readings,  one-half  with  circle  *  *  right ' '  and  one-half  with  circle  ' '  left. ' ' 
Two  such  measures  were  taken,  one  a  few  minutes  before,  the  other  a  few  minutes 
after,  the  full  (local)  hour.  The  axis  of  the  vertical  circle  was  1*292  metres  above  the 
bolt,  or  station,  mark  and  4*05  metres  (13 '3  feet)  farther  removed  from  Jackson  Butte 
than  this  station  mark.  At  Round  Top  the  heliotrope  stood  directly  in  line,  but  2*896 
metres  in  front  of  the  station  and  0*317  metre  above  top  of  bolt;  the  lantern  when  used 
stood  off  the  line  10*698  metres  from  center  of  station  and  subtending  an  angle  of 

♦  The  figures  have  not  been  changed  from  those  given  in  1884,  any  small  differences  from  later  measures  or 
adjustments  being  here  of  no  consequence. 
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29**  07'.  The  corresponding  shortening  of  the  line  between  the  stations  equals  9*346 
metres;  the  lantern  was  4*020  metres  below  the  station  mark.  The  observed  zenith 
distances  required  the  correction  — o"*83. 

3.  OBSERVATIONS  AT  JACKSON  BUTTE. 

The  corresponding  measures  of  zenith  distances  at  this  station  were  similar  to 
those  at  the  opposite  station.  The  Gambey  and  Pauth  vertical  circle  No.  iii  was 
used.  It  reads  to  5"  by  each  of  four  verniers,  and  one  division  of  level  equals  i"'o3. 
Aperture  of  telescope,  65  millimetres.  The  axis  of  the  vertical  circle  was  i  '62  metres 
above  the  station,  or  top  of  copper  bolt,  and  the  instrument  was  mounted  directly  over 
it.  The  heliotrope  and  lantern  were  i  metre  above  the  station  mark,  or  bolt,  the 
former  in  line,  but  4'936  metres  nearer  to  Round  Top,  the  latter  out  of  line  and  4*150 
metres  nearer  to  Round  Top.  The  corrections  to  the  observed  zenith  distances  were, 
in  the  case  of  the  heliotrope — 


—  1*62  +  0*317' 
(72  372*6  —  2*9)  sin  I 

and  in  the  case  of  the  lantern — 

—  1*62  —  4*02 


7?=-3"7 


(72  372*6  —  9*3)  sin  I 


// 


=  —1 6"*  I 


Some  observations  of  zenith  distances  of  station  Pine  Hill  needed  a  correction  for 
1*62  metres  elevation  at  Jackson  Butte  and  for  1*38  metres  elevation  above  station 
mark,  or  surface  rock  of  the  heliotrope,  at  Pine  Hill,  Total  correction  —  i"*03,  the 
distance  being  48  224  metres  very  nearly.  , 

Communication  between  the  observers  was  kept  up  by  means  of  preconcerted 
heliotrope  and  lamp  signals.  Between  6  a.  m.  and  6  p.  m.  the  observations  were  made 
on  heliotropes.  Reductions  and  corrections  to  the  meteorological  instruments  are 
referred  to  further  on. 
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4.    ROUND   TOP,    1879. 

Resulting  zenith  distances  of  Jackson  Butte  reduced  to  station  mark  {top  of  Mt)  at  both 

stations. 


C  =  920 

13'  + 

Hour. 

Sept  8. 

Sept  9. 

Sept  10. 

Sept  II. 

Sept  12. 

Sept  13. 

Sept  \A 

// 

// 

// 

// 

// 

// 

// 

I  a.  in. 

38-6 

2 
3 

41  '2 

• 

4 

■ 

5 

40*8 

6 

37*3 

30*9 

366 

47  7 

60  "2 

56-8 

55-8 

7 

37 '5 

30-6 

30-8 

53 'o 

627 

57*8 

54 '4 

8 

52  3 

49 '3 

45 'o 

55 'o 

63 -6 

59  7 

59  7 

9 

590 

61 -2 

57*4 

62*1 

64-5 

62 '4 

63-5 

10 

64  5 

68-3 

62  0 

607 

65*5 

63-2 

615 

II 

68-2 

68-4 

67*0 

65*5 

66-6 

66-8 

657 

Noon 

66-8 

68 -o 

67-1 

73  7 

75 'o 

68-3 

675 

I  p.  m. 

71 -I 

69*1 

68-6 

73*4 

71*4 

70-9 

[65-6] 

2 

71  -2 

69-8 

70-2 

72  -Q 

70-4 

69-8 

64-8 

3 

73  7 

70-3 

69-2 

73-2 

72  "1 

73  "I 

[65-8] 

4 

72-4 

68*5 

66-4 

73*8 

73*2 

72-5 

[65  -5] 

5 

65-4 

660 

607 

73-8 

73*9 

71  -6 

[61  -9] 

6 

53-8 

44*3 

53*5 

71*3 

71  "O 

66  0 

[55  -4] 

7 

39 'o 

21  '9 

8 

23*9 

06 '4 

9 

• 

II  'O 

10 

• 

10 -8 

II 

• 

14-4 

Midnight 

■ 

24-4 

• 

Resulth 

tfr  zenith  distances  of  la 

xckson  Butte, 

etc, — Continued. 

Hour. 


C  =  92°  13^  -f  (Continued.) 
Sept  15.         Sept.  16.         Sept  17.  Oct  2.  Oct  3. 


Oct  4. 


Oct  5. 


// 

// 

// 

// 

ff 

// 

// 

I  a.  m. 

■ 

49*5 

46-3 

2 

• 

52*5 

42  9 

3 

59*2 

42  'O 

4 

• 

56-3 

42*4 

5 

• 

52-8 

43-8 

6 

55  "3 

63-0 

64  0 

37*5 

60-3 

562 

49-1 

7 

51*2 

61  -2 

65-6 

31 -I 

59  7 

56-4 

46-4 

8 

48-6 

64*2 

66-8 

48-0 

63-0 

587 

48-8 

9 

63-5 

66-2 

69-4 

54*9 

625 

68 -o 

57 '2 
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Hour. 

10  a.  m. 
II 

Noon 
I  p.  m. 

2 

3 
4 

5 
6 

7 
8 

9 
10 

II 

Midnight 


Resulting  zenith  distances  0/ Jackson  Butte ^  etc, — Completed. 

C  =  92®  13^  -h  (Completed. ) 
Sept.  15.        Sept.  16.        Sept.  17.  Oct.  2.  Oct.  3.  Oct.  4. 

//  //  //  //  //  // 


65-1 

[67  -5] 
70*2 

[70-1] 

[71  -I] 
[72  -I] 

[71  -8] 
[68-2] 

[61  7] 


67 -6 
67-9 
78-0 
70*6 

73*5 
76 -6 

77-6 

75*'» 
74*2 


65 -2 
67-8 
70*1 
68-6 

79*5 
77  7 

78-3 
73*2 
73 '6 


64-6 
67*0 
697 

71  '2 
70*6 

71*8 
71-8 

67 '3 
607 

63  3 
58-0 

587 

53 'o 

[48  -9] 

517 


68-8 

69-4 
70*2 

707 

70-4 

69-6 

70-8 

70*6 

[64-1] 


71*3 
69-4 
69  9 
707 

72*3 
[74  -o] 

74*5 
62*4 

[55  -9] 
40-4 

36-3 
24*0 

37  "o 

37*4 
45 '2 


Oct.  5. 
// 

55  "9 
61 -8 

63-8 

65-0 

64-9 

65 -2 
63 -2 

[59  -6] 

[53  •!] 


The  results  from  observations  at  7  and  8  p.  m.  on  September  9,  and  at  i,  2,  and  5 
a.  m.  on  September  1 1 ,  are  not  used,  as  there  were  no  corresponding  observations  at 
Jackson  Butte.  The  values  in  brackets  were  obtained  by  interpolation,  as  explained 
below. 

5.    DIURNAL  VARIATION   OP  THB   ZENITH   DISTANCE. 

The  method  adopted  to  obtain  a  homogeneous  series  of  hourly  means  is  as  follows: 
For  the  hours  at  which  observations  were  made  on  each  of  the  14  days  the  mean  values 
are  taken  directly.  For  the  other  hours  from  6  a.  m.  to  6  p.  m. ,  the  missing  values  are 
obtained  by  comparing  the  observations  at  those  hours  on  the  other  days  with  the  next 
hour.  For  example,  to  interpolate  a  value  for  2  p.  m.,  September  15,  the  average 
change  between  that  hour  and  noon  for  the  13  other  days  is  applied  to  the  tabular  value 
for  noon,  September  15.  The  value  for  11  p.  m. ,  October  2,  is  also  obtained  in  this  way. 
In  order  to  reduce  the  hourly  means  for  i,  2,  3,  4,  and  5  a.  m.,  October  3  and  5,  to  the 
same  system  as  for  the  hours  from  6  a.  m.  to  6  p.  m.,  the  difference  between  the  mean 
of  these  13  hours  for  the  whole  14  days,  and  for  October  3  and  5,  only  is  applied  to  each 
of  the  5  hourly  means.  The  hourly  means  for  the  hours  from  7  p.  m.  to  midnight  are 
corrected  in  the  same  manner  and  the  desired  homogeneous  series  is  completed,  as  shown 
in  the  following  table: 


284 


UNITED  STATES  COAST  AND  GEODETIC  SURVEY. 


6.      RBSUI.TING     HOURLY     MEANS     OF     ZENITH     DISTANCES     OF     JACKSON     BUTTE     AS 

OBSERVED   AT   ROUND  TOP. 


C  =  92«  13 

/■f. 

Hour. 

Seconds 
of  C. 

n. 

mean. 

Hour. 

Seconds 
of  C 

«. 

,  mean. 

Hour. 

Seconds 

of  C. 

n. 

mean. 

// 

ff 

// 

// 

// 

// 

I  a.  m. 

49*6 

2 

-5*2 

9  a.  m. 

623 

14 

-f  75 

5  p.m. 

67-8 

II 

4-13*0 

2 

49*4 

2 

-5 '4 

10 

64-6 

14 

+  9-8 

6 

61  '3 

9 

4-6-5 

3 

52-3 

2 

-25 

II 

67-1 

13 

-fi2-3 

7 

44-5 

3 

—  10-3 

4 

51*1 

2 

-3  7 

Noon. 

699 

14 

+  15-1 

8 

36-2 

3 

—18 -6 

5 

50 'O 

2 

-4-8 

I  p.m. 

69-8 

12 

4-15-0 

9 

33*8 

3 

—21  'O 

6 

50-8 

14 

-4-0 

2 

70*8 

13 

-fi6-o 

10 

36*2 

3 

18 -6 

7 

49*9 

14 

-4 '9 

3 

71-8 

II 

+17  0 

II  p.m. 

36-2 

2 

—18 -6 

8  a.  ni. 

55*9 

14 

+I-I 

4  p.m. 

71-5 

12 

4-167 

Midn»t 

43 'o 

3 

—11*8 

Mean  C=  92°  13^  54'''*8. 

The  number  of  days  of  observation  is  given  in  columns  headed  n.  The  quantities 
(C  — mean)  give  the  observed  diurnal  variation  in  zenith  distance,  which  is  shown 
graphically  in  diagram  ( i )  farther  on. 

7.    JACKSON   BUTTE,    1 879. 

Resulting  zenith  distances  of  Round  Top  deduced  to  station  mark  {top  of  bolt)  at  both  stations. 


Hour. 

6 

7 
8 

9 
10 

II 

Noon 

I  p.  m. 

2 

3 

4 

5 
6 

7 
8 

9 
10 

II 

Midnight 


C^SS^ 

19' 4- 

Sept.8. 

Sept.  9. 

Sept.  10. 

Sept.  II. 

Sept.  I 

// 

// 

// 

// 

// 

43 '3 

41  "O 

46-0 

63-2 

57*9 

45*9 

33*8 

52*5 

607 

63-1 

45-8 

51 -o 

46-8 

54*4 

67-4 

57  0 

61 -6 

51-6 

71 -I 

67-4 

[68  -4] 

74-8 

71  -8 

73*2 

82-2 

[81  -5] 

76  0 

82-5 

82-6 

88 -o 

83-1 

76 -6 

83-5 

84-6 

91  -6 

85-5 

807 

83-0 

89-4 

92 -8 

83-9 

84*5 

84-2 

89-4 

91  -8 

83-2 

82-2 

84  0 

88-5 

917 

81 -o 

82 -6 

83-5 

89-0 

88-2 

77*2 

80-4 

79 '2 

86-8 

89-0 

68*4 

• 
* 

• 

• 

71-9 

• 

72-9 
57 -6 

54-1 

26 -8 

31-8 

[24  -8] 

[29  '9] 

81-5 

87-6 

Sept.  13.        Sept.  14. 


// 

// 

57 -o 

47.8 

55  7 

59  2 

50 '5 

56-6 

69*2 

68  4 

783 

84-1 

88 '4 

84-8 

88-2 

85-0 

91  'O 

87-2 

92-8 

86-8 

92  -o 

87-3 

877 

88-5 

86-9 

[84  -3] 

82-0 

[77  -5] 
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Hour. 


Resulting  zenith  distances  of  Round  Top — Completed. 

;  =  88®  19'  -f-  (Completed.) 
Sept.  15         Sept.  1 6.        Sept.  17.  Oct.  2.  Oct.  3.  Oct.  4. 


Oct.  5. 


// 

// 

// 

// 

ff 

// 

n 

I  a.  m. 

• 

57*1 

11  *! 

2 

• 

54*5 

05-0 

3 

• 

60 -8 

136 

4 

• 

59-8 

27-3 

5 

• 

51-5 

20 -2 

6 

64-3 

64*5 

66-1 

[31  -6] 

41-2 

64-4 

22 '3 

7 

587 

46-2 

697 

[30  -5] 

49*2 

49*2 

20*4 

8 

607 

62 -6 

75 '5 

35 -I 

61  -Q 

66-6 

25-8 

9 

72-8 

729 

807 

41-3 

61 -8 

73  "9 

48-1 

10 

81-5 

837 

87-4 

63-0 

82-4 

807 

45-4 

II 

87 -8 

90  9 

93 'o 

73  •! 

89 -6 

91-9 

70*6 

Noon 

86-2 

92-4 

94 '3 

'     82 -2 

88-8 

86-3 

80 -o 

I  p.  m. 

[88-3] 

94 -6 

94 -o 

88-1 

87-6 

89-8 

86 -o 

2 

[88  -6] 

96 -8 

93-8 

86*9 

86-3 

91*8 

78-4 

3 

[87  -6] 

93  6 

94*1 

86-4 

87-2 

85-8 

79  •! 

4 

[86  -2] 

92-3 

93  7 

83-6 

88-2 

84-9 

73*3 

5 

[82  -o] 

907 

82-3 

77-0 

82-8 

76*1 

[69-1] 

6 

[75  -2] 

[83  -9] 

89-6 

50*3 

[76  -o] 

[69  -3] 

[62  -3] 

7 

55-3 

50  9 

8 

56-2 

39  7 

9 

59 '4 

41-8 

10 

54*4 

63-8 

II 

52-8 

51 '3 

Midnight 

59-8 

54*6 

Their 

iterpolated 

values  (in 

brackets)  and  hourly 

means  are 

• 

obtaiqed  in 

the  mam 

already  exi 

plained  for  the  observations  at  Round  Top. 

8.     RESULTING   HOURLY   MEANS   OF  ZENITH    DISTANCES  OF    ROUND   TOP   AS   OBSERVED 

AT  JACKSON   BUTTE. 

C=88°I9^+. 


Hour. 

Seconds 
ofC. 

ft. 

mean. 

Hour. 

Seconds 
ofC. 

n. 

mean. 

Hour. 

Seconds 
ofC 

n. 

mean. 

// 

// 

// 

// 

// 

// 

I  a.  m. 

42-5 

2 

—20 'I 

9  a.m. 

64-1 

14 

+  1-5 

5  p.  m. 

81  7 

II 

4-19 'I 

2 

37  7 

2 

24 '9 

10 

75*5 

13 

+12 '9 

6 

74-9 

8 

4-12  "3 

3 

45*1 

2 

17 '5 

II 

84-3 

13 

4-217 

7 

58-5 

3 

--  4*1 

4 

51*5 

2 

—  II  -I 

Noon 

85-9 

14. 

+  23-3 

8 

53*9 

3 

-87 

5 

43  7 

2 

—  18 '9 

I  p.m. 

88 -o 

13 

+25-4 

9 

46-6 

3 

—  16  0 

6 

50-8 

13 

—  II -8 

2 

88-3 

13 

4-257 

10 

53*9 

3 

-    87 

7 

49*6 

13 

—  13-0 

3 

87-3 

13 

4-247 

II  p.  m. 

46-9 

2 

-157 

8  a.  m. 

54*3 

14 

-8-3 

4  p.  m. 

85-9 

13 

4-  23  '3 

Mid- 
night 

52  0 

2 

—  ID -6 

Mean  C=  88°  19^  62'^-6. 
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The  number  of  days  of  observation  is  given  in  the  columns  headed  «.  The  quan- 
tities (C  —  mean)  give  the  observed  diurnal  variation  in  zenith  distance,  as  shown 
graphically  in  diagram  (2)  farther  on. 

Comparing  diagrams  (i)  and  (2)  we  note  the  facts: 

(a)  The  diurnal  variation  in  the  zenith  distance  is  greater  at  the  lower  station  than 
at  the  upper  station,  the  range  at  the  former  being  nearly  51"  and  at  the  latter  nearly  38". 

(b)  The  maximum  zenith  distance  is  reached  between  2  and  3  p.  m.,  and  the  mini- 
mum sometime  between  9  p.  m.  and  2  a.  m. 

(c)  The  zenith  distance  varies  but  slightly  between  11  a.  m.  and  4^^  p.  m.  The 
irregularity  in  the  curves  during  the  night  hours  is  due  simply  to  the  small  number  of 
observations. 

Computation  0/ the  difference  0/  height  A  ^  <i^  average  coefficient  of  refraction  tn  under  the  ordinary 

supposition  of  equal  refraction  at  the  two  stations. 


The  adopted  formulae  are — 


w  =  o-5 


C+C'-i8o- 


2  ^' 


^  = 


and  Ah=k^—A=s  tan 


>^(C'-C)[ 


1  + 


p  sin  I 
A+A 


ft 


2  p 


^12  ff  A 


For  ^  =  38^30'  and  a  =  60^15',  log  p  =6*804  822  and  ^  =  2  339"*8.  Using  the 
approximate  values  k  =  ji^m  and  ^'  =  3  174W  we  get  log.  quantity  in  [  ]  =  o'ooo  137. 
The  resulting  hourly  values  for  A  A  and  m  are  given  in  the  following  table : 


Hour. 

Ah. 

Difference 
from  mean. 

m. 

Hour. 

A^. 

Difference 
from  mean. 

tn. 

m. 

tn. 

Wf. 

m. 

I  a.  m. 

2  466-11 

-f-2-6o     • 

0  '070  0    ' 

3 

2  462  'lO 

-  1-41 

•055  7 

2 

6-89 

+3-38 

•071  I 

4 

2-32 

-  I -19 

•056  I 

3 

611 

-f2-6o 

•068  9 

5 

2*39 

—    I  -12 

•057  7 

4 

478 

+  1*27 

•067  8    1 

6 

2*46 

I   05 

•060  6 

5 

5  97 

+2-46 

•069  7 

7 

2-39 

—    I  -12 

•067  7 

6 

4  85 

+  1*34 

•068  0 

8 

I  76 

175 

•070  5 

7 

5-55 

4-2  04 

•068  4 

9 

2  '60 

—   0*91 

•072  5 

8 

5-13 

-fi-62 

•066  2 

10 

I  76 

-    175 

•070  5 

9 

4 '53 

-fl  '02 

•062  7 

II 

2-95 

—   0-56 

•071  9 

10 

2*95 

1-83 
2  -04 

1-65 

—0-56 

1-68 

-1-47 
1-86 

•059  8 

•057  4 
•056  4 

•056  0    ! 

Midnight 
Mean 

2  463  27 

—   0*24 

•0694 

II 

Noon 
I  p.  tn. 

2  463  -51 

r  +  i8-33 
1-18*42 

0-064  6 

2 

2  461  76 

175 

•055  7 

zhO-28 

The  values  of  A^  are  plotted  on  diagram  (3)  and  show  the  computed  diflFerence  of 
height  between  10  a.  m.  and  near  midnight  to  be  smaller  than  the  mean;  but  the 
results  for  those  hours  appear  remarkably  consistent. 

The  values  for  coefficient  of  refraction  are  plotted  on  diagram  (4)  and  indicate  a 
well-marked  diurnal  variation,  most  regular  where  the  observations  were  suflSdently 
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numerous.  The  value  of  m  is  least  variable  near  its  minimum,  and  the  best  time  for 
observing  vertical  angles  would  appear  to  be  between  11 J4  a.  ni.  and  4J^  p.  m.  The 
minimum  occurs  between  2  and  3  p.  m.,  the  maximum  apparently  at  9  p.  m. 

9.    METEOROLOGICAL     RECORD     IN     CONNECTION     WITH     OBSERVATIONS     OF     ZENITH 

DISTANCES. 

At  Round  Top  barometer  Green  No.  2017  was  used;  index  correction  +  0*063 
inch.  The  dstem  of  the  barometer  was  0*37  metre  above  the  copper  bolt;  hence  cor- 
rection +  o'ooi  inch  and  total  correction  =  +  o'o64  inch.  There  appears  to  be  no 
corrections  for  the  thermometers. 

At  Jackson  Butte  two  barometers  were  used:  J.  Green,  No.  1357,  in  September, 
and  J.  Green,  No.  1353,  in  October.  Index  correction  to  No.  1357,  from  5  days' 
comparisons  with  the  Signal  Service  standard  (Adie  1601)  at  the  Merchants'  Exchange, 
San  Francisco,  =  + 0*050  inch,  and  correction  to  attached  thermometer  =  — i  ° 'o ; 
index  correction  to  No.  1353  from  10  days'  comparisons  at  San  Francisco  =  +0*087 
inch,  and  correction  to  attached  thermometer  =  —  i°'6.  The  height  of  the  cistenis  of 
the  barometers  above  the  station  mark  (copper  bolt)  was  i  metre ;  corresponding  cor- 
rection =  +  0*003  inch.  The  thermometers  required  no  correction.  The  records 
contain  no  information  respecting  the  shelter  of  the  instruments  at  the  stations.. 

Atmospheric  pressure  at  Round  Top,  1879, 


Hour. 


[Mercurial  column  reduced  to  o°  C.  and  referred  to  station  mark.    Index  correction  applied.] 

20  inches  +  tabular  quantity. 

Sept.  8.    Sept  9.    Sept.  10.    Sept  11.    Sept  12.    Sept.  13.   Sept  14. 


I  a.  m. 

•730 

• 

2 

•730 

3 

•727 

• 

4 

•728 

• 

5 

742 

■ 

6 

•698 

•588 

•572 

769 

•827 

•S13 

•826 

7 

•709 

•585 

•584 

774 

•821 

799 

•829 

8 

•709 

•594 

•595 

770 

•831 

795 

•836 

9 

•708 

•597 

•620 

778 

•834 

•816 

•850 

10 

736 

•569 

•637 

•801 

•840 

•814 

•852 

II 

•724 

•565 

•640 

•804 

•838 

•818 

•854 

Noon 

•721 

•562  . 

•650 

•804 

•838 

•813 

•856 

I  p.  m. 

•717 

•561 

•655 

•819 

•837 

•829 

•855 

2 

707 

•558 

•653 

•816 

•826 

•824 

•848 

3 

•684 

•543 

•670 

•816 

•827 

•817 

■859 

4 

•680 

•528 

•675 

•819  • 

•843 

•822 

•848 

5 

•682 

•516 

•687 

•818 

'822 

798 

[•841] 

6 

•669 

•503 

•694 

*822 

•822 

798 

[  -838] 

7 

• 

•699 

■ 

8 

•503 

•709 

« 

9 

• 

•715 

• 

10 

• 

•713 

• 

II 

• 

•718 

• 

Midnight 

• 

•719 

• 
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Atmospheric  pressure  at  Round  Top^  ^^79 — Completed. 

[Mercurial  column  reduced  to  o^  C.  and  referred  to  station  mark.    Index  correction  applied.] 

3o  inches  +  tabular  quantity. 


Hour. 

S«pt  15. 

Sept  16. 

Sept.  17. 

Oct.  2. 

Oct.  3. 

Oct.  4. 

Oct  5. 

Hourly 
Means. 

I  a.  m. 

•742 

•399 

767 

2 

735 

•402 

765 

3 

•727 

•380 

751 

4 

•726 

•380 

750 

5 

723 

•363 

.    740 

6 

•864 

•825 

•795 

•786 

•724 

•613 

•344 

•717 

7 

•869 

•814 

•792 

753 

724 

[•608] 

[  -345] 

715 

8 

•870 

•821 

•797 

787 

724 

[•604] 

[•345] 

720 

9 

•872 

•823 

•804 

785 

730 

•599 

•346 

•726 

lO 

•889 

•824 

•801 

•780 

738 

•596 

•342 

730 

II 

[•884] 

•821 

•808 

779 

735 

•592 

•336 

•728 

Noon 

•879 

•817 

•803 

779 

•727 

•589 

•324 

724 

I  p.  m. 

[  -878] 

•813 

794 

•781 

•720 

•571 

'317 

•724 

2 

[  -871] 

•811 

•788 

765 

715 

•547 

•317 

717 

3 

[•866] 

•820 

•782 

761 

•708 

•528 

•296 

713 

4 

[•862] 

799 

•787 

•760 

[•704] 

•498 

[ -292] 

•708 

5 

[  -855] 

•794 

783 

•758 

[•697] 

[•486] 

[  -285] 

•702 

6 

[  -852] 

•802 

•768 

•760 

[•694] 

•475 

[  '282] 

•698 

7 

• 

•752 

• 

•458 

•695 

8 

755 

•443 

•695 

9 

•759 

•447 

•699 

lO 

•755 

•448 

•698 

II 

[  756] 

•436 

•696 

Midnight 

•756 

•418 

• 

•6^ 

The  meteorological  instruments  were  read  on  an  average  about  two  minutes  before 
the  full  hour.  The  interpolated  values  (in  brackets)  and  the  hourly  means  were 
obtained  in  the  manner  explained  in  connection  with  the  zenith  distances  at  Round 
Top.  The  values  from  i  to  5  a.  m.,  September  11,  and  8  p.  m.,  September  9,  were  not 
used,  there  being  no  corresponding  observations  at  Jackson  Butte. 

Atmospheric  pressure  at  Jackson  Butte y  iSyg. 

[Mercurial  column  reduced  to  o°  C.  and  referred  to  station  mark.   Index  correction  applied.] 

27  inches  +  tabular  quantity. 


Hour 

Sept.  S. 

Sept.  9. 

Sept.  10. 

Sept.  II. 

Sept.  12. 

Sept  13. 

Sept.  14. 

6  a.  m. 

•634    ' 

•547 

•535 

.627 

•69S 

•685 

•699 

7 

•622 

•546 

•530 

•639 

•705 

•682 

•694 

8 

•634 

•545 

•535 

•635 

•702 

•682 

•697 

9 

•64B 

•558 

•543 

•683 

•705 

•701 

•710 

10 

•657 

•547 

•560 

•696 

•709 

•703 

•718 

II 

•648 

•546 

•579 

•698 

•708 

•709 

•711 

Noon 

•'626 

•539 

•563 

•701 

•704 

•703 

•706 

I  p.  m. 

•611 

•536 

•551 

•6S9 

•696 

•697 

•701 
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Atmospheric  pressure  at  Jackson  Butte,  fSjg — Continued. 

[Mercurial  column  reduced  to  0°  C.  and  referred  to  station  mark.    Index  correction  applied.] 

27  inches  +  tabular  quantity. 


Hour. 

Sept.  8. 

Sept.  9. 

Sept.  10. 

Sept.  11.        Sept.  12, 

Sept.  13. 

Sept.  14. 

2   a.  m. 

•595 

•531 

•552 

•679 

•688 

•687 

•690 

3 

•591 

•516 

■551 

•672 

•677 

•679 

•683 

4 

•589 

•508 

•549 

•668 

•663 

•665 

•681 

5 

•579 

•504 

•551 

•668 

•660 

•667 

•684 

6 

•587 

•505 

•560 

•677 

•660 

•672 

•681 

7 

• 

•570 

• 

8 

• 

•586 

• 

9 

• 

•586 

• 

10 

• 

•593 

• 

II 

« 

•587 

• 

Midnight 

• 

[  -582] 

• 

• 

Atmospheric  pressure  at  Jackson  Butte,  /S79 

—Completed. 

r Mercurial  column  reduced  to  oP  C.  and  referred  to  station  mark. 

Index  correction  applied]. 

27  inches  +  tabular  quantity. 

Hour 

Sept.  15. 

Sept.  16. 

Sept.  ] 

[7.      Oct.  2. 

Oct.  3. 

Oct.  4. 

Oct.  5. 

Hourly 
means. 

I  a.  m. 

• 

• 

•687 

•545 

•672 

2 

• 

• 

•677 

•536 

•662 

3 

• 

■ 

•673 

•506 

•645 

4 

• 

■ 

•672 

•505 

•644 

5 

• 

« 

•675 

•496 

•641 

6 

700 

•633 

•619 

[ 

•728] 

•673 

•595 

•509 

•634 

7 

•689 

•622 

•613 

[ 

727] 

.      -684 

•596 

•523 

•634 

8 

•690 

•631 

•610 

•728 

•685 

•599 

^08 

•634 

9 

•695 

•644 

•631 

•736 

•696 

•598 

•541 

•649 

10 

•692 

•644 

•635 

•734 

•696 

•598 

•533 

•6.SI 

II 

•691 

•637 

•630 

•731 

•689 

•591 

•474 

•646 

Noon 

•681 

•631 

•626 

•722 

•684 

•531 

•479 

•635 

I  p.  m. 

•671 

•619 

•617 

•713 

•659 

•504 

•469 

•624 

2 

[•662] 

•609 

•613 

•702 

•650 

•501 

•443 

•614 

3 

[  -655] 

•604 

•609 

•699 

•635 

•497 

•435 

•607 

4 

[  -648] 

•603 

•604 

•692 

•631 

•495 

•414 

•601 

5 

[  -647] 

•605 

•604 

•686 

•630 

.491 

[  -413] 

•599 

6 

[  -650] 

•614 

•591 

'686 

[  -633] 

•499 

[  •416] 

•602 

7 

•696 

•504 

•611 

8 

•696 

•516 

•621 

9 

•692 

•506 

•616 

II 

•691 

•496 

■615 

IV 

•688 

•475 

•605 

Midnight 

•683 

•530 

•620 

Meteorological  instruments  read  about  ten  minutes  before  the  full  hour.  The 
interpolated  values  (in  brackets)  and  the  hourly  means  were  obtained  in  the  manner 
explained  for  the  zenith  distances  at  Round  Top. 
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Hour. 

I  a.  ni. 

2 

3 

4 

5 
6 

7 
8 

9 
10 

II 

Noon 

I  p.m. 

2 

3 

4 

5 
6 

7 
8 

9 
10 

II 

Midnight 


Atmospheric  temperature  at  Round  Top^  /^/9- 
[Dry  bulb  thermometer  with  Fahrenheit  scale.] 

Septs.  Sept.  9.         Sept.  10.        Sept.  11.        Sept.  12. 

0000  o 

45*2 
467 
46-2 
45  6 

44 '9 
48  9 

50-8 

51*2 

527 
53-6 

54*9 
56 -8 

58-3 
60-4 

58-8 

59  7 

57  7 
54-8 


Sept.  13.        Sept.  14. 


45 
46 
42 
49 
50 
52 

53 
54 
55 
54 
53 

51 
48 


4 
6 

8 

8 

9 
8 

8 

8 

3 

9 

7 
8 


38-2 
38-8 
40-9 
42-8 

45  7 

47  7 
48-6 

49 '2 
49 -6 

49 '2 

47  7 
45-8 

42  '2 
40-5 

39-8 


407 
44-6 

44  7 
46  4 
51*2 

51 '4 
53  "4 
54*6 
54*2 

56  9 
57-4 

57  2 

48-4 
46-6 

43*4 

44*3 
44-8 

46*4 

45*3 

Atmospheric  temperature  at  Round  Top,  /^J/p^Continued. 
[Dry  bulb  thermometer  with  Fahrenheit  scale.] 


47*6 
49*5 
51*4 
53*8 
55*1 

57 '3 
59*8 
60 '4 

613 
60 -6 

59*9 
60  5 

53  7 


47  7 

47 -8 

49  7 

49  7 

50-8 

50  I 

52-8 

53*4 

54*6 

55*8 

54-8 

57*3 

56 -6 

586 

57-6 

60 '2 

58  0 

61  "O 

58 -6 

617 

57*9 

61-9 

56-6 

[60 -o] 

53-2 

[55  '9] 

Hour. 

Sept.  15. 

Sept.  16. 

Sept.  17. 

Oct.  2. 

Oct.  3. 

Oct.  4. 

Oct.  5. 

Hourly 
means. 

0 

0 

0 

0 

0 

0 

0 

0 

I  a.  m. 

« 

• 

» 

40-4 

35*4 

48*51 

2 

• 

• 

. 

40-3 

34*4 

47 -96 

3 

• 

• 

• 

40*2 

34  7 

48-06 

4 

■ 

• 

■ 

39*8 

32-8 

46  91 

5 

• 

» 

• 

39  "9 

317 

46  41 

6 

50-2 

49 '9 

47*3 

44*2 

39*3 

39  0 

30*1 

44-02 

7 

51-3 

53  "4 

47-8 

46  0 

40 -8 

[40  7] 

[31  -2] 

4578 

8 

52 -2 

55*3 

48-4 

45-8 

42-5 

[42  -3] 

[32  -4] 

46-48 

9 

53*9 

55-8 

54 '3 

47-8 

43-9 

44  0 

33*5 

48  92 

10 

57 '3 

57  7 

56 -6 

47  9 

47*1 

44*4 

34*4 

50-88 

II 

[59  0] 

60  "2 

57*9 

50*2 

48 -6 

467 

36 -2 

52-50 

Noon 

60 -8 

63   2 

61 -2 

51  '2 

50 -I 

48-2 

37  0 

54-24 

I  p.  m. 

[61  -4] 

62 -6 

58-4 

53 'o 

51-3 

49 'o 

37-1 

54-85 
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Atmospheric  temperature  at  Round  Top,  tSjg — Completed. 
[Dry  bulb  thermometer  with  Fahrenheit  scale.] 


Hour. 


2 

3 

4 

5 
6 

7 
8 

9 

10 

w 


Midnight 


ept.  15. 

Sept.  16. 

Sept. 

17. 

Oct.  2. 

Oct.  3. 

Oct.  4. 

Oct.  5. 

Hourly 
means. 

0 

0 

0 

0 

0 

0 

0 

0 

[61  0 

587 

55 

•4 

52 -8 

51  '2 

487 

357 

54-53 

[60 -9] 

57-6 

56 

■4 

52 -2 

51  •' 

47-8 

34-1 

54-34 

[606] 

59  7 

54 

•8 

[50  -2] 

[508] 

47*9 

[33  -8] 

54-00 

[58  7] 

54-8 

52 

•8 

48-2 

[48  -9] 

[44-6] 

[31  -9] 

52*11 

[54  -6] 

52*4 

49 

■8 

45  0 

[44-8] 

41*3 

[27  -8] 

48  04 

42  'O 

« 

39  7 

45-38 

417 

• 

39*1 

44-01 

41  3 

- 

38-3 

% 

43-91 

40 -8 

• 

37-8 

43  '74. 

[40  -9] 

• 

36  0 

4371 

• 

41  -o 

• 

35  9 

43*34 

Mean 


48-44 


The  interpolated  values  (in  brackets)  and  the  hourly  means  were  obtained  in  the 
manner  explained  for  the  zenith  distances  at  Round  Top.  The  values  for  i  to  5  a.  m. 
September  11,  and  7  and  8  p.  m.  September  9,  are  not  used  as  there  were  no  corre- 
sponding observations  at  Jackson  Butte. 


Hour. 


Sept.  8. 


Atmospheric  temperature  at  Jackson  Butte ,  iSjg, 

[Dry  bulb  thermometer  with  Fahrenheit  scale.] 

Sept.  9.         Sept.  10.        Sept.  11.        Sept.  12. 


Sept.  13.        Sept.  14. 


0 

0 

0 

0 

0 

0 

0 

6  a.  m. 

65  0 

67 -2 

61 -8 

72*1 

76  9 

72-9 

75*8 

7 

69-0 

70*0 

66-8 

74*9 

77-4 

76*2 

79*9 

8 

67 -8 

70*1 

67 -8 

75-9 

83-8 

78.2 

8i-o 

9 

68  0 

66  0 

67 -2 

76 -6 

84-2 

80-9 

80  4 

10 

71  -o 

68  5 

72-8 

79*2 

84*1 

84-4 

81-9 

II 

76*0 

71  -8 

75-0 

81-9 

87-0 

84-8 

83  0 

Noon 

77*5 

74-8 

76  9 

82-8 

88-6 

87-8 

85-1 

I  p.  m. 

79*4 

75-9 

80  5 

85  0 

90 -8 

90*2 

85-0 

2 

80 -o 

76  9 

80  0 

87-9 

90  3 

90 -8 

89  0 

3 

79  "5 

78*9 

82-0 

88  0 

91  9 

90 -5 

91  '2 

4 

81 -o 

787 

82-3 

89  0 

92-5 

89-2 

90 -5 

5 

78-4 

787 

82-2 

88-8 

90*0 

87 -6 

87-5 

6 

73 -8 

• 

74-9 

76  9 

83-3 

85-1 

83-5 

83-0 

7 

73-5 

8 

73-0 

9 

73-8 

10 

72  0 

II 

71-8 

Midnight 

[70 -6] 
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Atmospheric  temperature  at  Jackson  Butte,  iSyg — Completed. 
[Dry  bulb  thermometer  with  Fahrenheit  scale.] 


Hour. 

Sept.  15. 

Sept.  16. 

Sept.  17. 

Oct.  2. 

Oct.  3. 

Oct.  4. 

Oct.  5. 

Hourly 
mean. 

0 

c 

0 

0 

0 

0 

0 

0 

I  a.  ni. 

-     72  -o 

53- 0 

73 '24 

2 

73 'o 

51  0 

72  74 

« 

3                  1 

74  0 

51-5 

73*49 

4 

69  0 

51-8 

71   14 

5 

72-8 

52 -8 

73*54 

6 

79*5 

80 -2     . 

76-5 

[667] 

72  5 

73-8 

50 '3 

70*80 

7 

83-6 

83-2 

82  0 

[69-4] 

74*0 

73*2 

50*0 

73*54 

8 

88-3 

84-8 

84-2 

71-6 

78 -5 

76*2 

52  0 

75*73 

9 

85-2 

88-3 

88-2 

72-8 

82-2 

77-1 

52-8 

76-42 

10 

87-4 

89-2 

90*0 

76*2 

81  -o 

789 

567 

78 -66 

" 

88 -o 

90-8 

92  -o 

80 -8 

82-5 

80  0 

60 -8 

81-03 

Noon 

89-2 

93 'o 

93 'o 

83-0 

83-2 

83-2 

62  -2 

82-88 

I  p.  m. 

91  "O 

96-0 

96-2 

84-9 

83-9 

83.2 

64   9 

84-78 

2 

[91  -8] 

96*2 

96-0 

867 

84-9 

83-2 

64   9 

85  61 

3 

[92-1] 

96 -8 

95  0 

84-9 

87-3 

82-0 

63-3 

85*96 

4 

[91  -5] 

96-9 

93  5 

857 

85-0 

79-1 

60 -6 

85*39 

5 

[89-1] 

93  0 

899 

82 -6 

82-3 

74-1 

[58  -2] 

83*03 

6 

[83  -8] 

86-5 

84-0 

75-8 

[77  'o] 

67  9 

[52  -9] 

77*74 

7 

74  0 

65  0 

73*89 

8 

75-0 

60 '4 

72-53 

9 

75-8 

63 -2 

73*99 

10 

75  0 

64-0 

73*39 

II 

74 -o 

63-6 

72 -86 

Midnight 

74 '2 

61  -o 

71-66 

Mean 


76-83 


The  interpolated  values  (in  brackets)  and  the  hourly  means  were  obtained  in  the 
manner  explained  for  the  zenith  distances  at  Round  Top. 


Hour. 


Sept.  8. 


Atmospheric  moisture  at  Round  Top,  ^Sjg, 

[Wet  bulb  thermometer  with  Fahrenheit  scale.] 

Sept.  9.         Sept.  10.        Sept.  11.        Sept.  12. 


Sept.  13.        Sept.  14 


I     a.  m. 

34*9 

2 

38-3 

3 

387 

4 

37*8 

5 

38-2 

6 

327 

30-8 

327 

37*2 

37*7 

37*6 

37*9 

7 

33*4 

31  -6 

33*3 

37*3 

39*6 

39*3 

39*4 

8 

33*9 

33*4 

35*7 

38-. 

40-8 

40-8 

40 -I 

9 

36-8 

34*3 

36-3 

39*2 

41*7 

41  -6 

41  -8 
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Hour. 


Atmospheric  moisture  at  Round  Topy  iSyg — Continued. 
[Wet  bulb  thermometer  with  Fahrenheit  scale.] 
Sept.  8.  Sept.  9.         Sept.  10.        Sept.  11.       Sept.  12.        Sept.  13.        Sept.  14. 


10    a.  m. 

37-8 

34-8 

38-6 

39 -6 

42-8 

41-2 

4: 

\'2 

II 

39-8 

37  7 

41  -8 

40-3 

43 '5 

42  'O 

48-2 

Noon 

40-3 

37-6 

43  7 

41-5 

44*9 

43 '4 

44-3 

I     p.  m. 

41  -6 

39  I 

45 'o 

42  -6 

44*9 

44  7 

44*6 

2 

46*0 

39*6 

427 

43*6 

46-3 

44*4 

45  "I 

3 

40 -8 

39-8 

46-8 

44  7 

46-6 

45*6 

46-6 

4 

39*8 

39  7 

48-2 

45  4 

47*6 

45  "3 

46*1 

5 

38-2 

389 

47-1 

43-6 

48-9 

43 '9 

• 

6 

37  7 

35-4 

39 -2 

43 'o 

44*4 

42-6 

7 

33  4 

38-4 

• 

8 

32-2 

35 '4 

9 

• 

35-6 

10 

* 

35 '9 

II 

• 

367 

Midnight 

• 

34*6 

Hour. 


Atmospheric  moisture  at  Round  Top^  iSjg — Completed. 
[Wet  bulb  thermometer  with  Fahrenheit  scale.] 
Sept.  15.       Sept.  16.        Sept.  17.         Oct.  2.  Oct.  3.  Oct. 


4. 


Oct.  5. 

o 


I     a. 

m. 

309 

■ 

3 

17 

2 

307 

• 

30 -2 

3 

30  3 

• 

29-6 

4 

30-0 

• 

29*0 

5 

30  0 

• 

317 

6 

36-8 

365 

34*2 

30*1 

29 -8 

31-3 

28-1 

7 

38  I 

39-8 

34*9 

31*9 

327 

• 

• 

8 

39*4 

42-1 

36-3 

32-6 

33*5 

• 

» 

9 

39-4 

427 

41  9 

33-8 

34-2 

34-8 

30-2 

10 

42-8 

45*2 

43*2 

34  9 

36-4 

34-3 

307 

II 

• 

45*2 

44*2 

363 

37*2 

35*2 

31-8 

Noon 

46-4 

44*9 

45*9 

43  7 

38-9 

37*1 

32 '2 

I     p. 

m. 

46-8 

43  7 

37*9 

39*2 

37*3 

32*4 

2 

43 '5 

39*4 

38-6 

39  0 

387 

327 

3 

43*3 

41-4 

37-8 

390 

37  7 

32*4 

4 

45*4 

39*9 

■ 

• 

36 -8 

• 

5 

40-6 

390 

35*3 

• 

6 

37-6 

37*4 

33*8 

33  7 

7 

327 

33-4 

8 

31-8 

33-6 

9 

31-8 

32  9 

10 

30-9 

32  9 

II 

• 

327 

Midnight 

31  '2 

32-4 
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Hour. 


Hour. 


I  a.  m. 

2 

3 

4 

5 

6 

58 

•0 

7 

60 

0 

•5 

8 

64 

•0 

9 

63 

•0 

10 

63 

■2 

II 

64 

•5 

Noon 

64 

•0 

I  p.  m. 

54 

•8 

2 

1 

3 

4 

1 

5 

« 

Sept.  8. 


Atmospheric  moisture  at  Jackson  Butte^  '^79- 

[Wet  bulb  thermometer  with  Fahrenheit  scale.] 
Sept.  9.         Sept.  10.        Sept.  II.        Sept.  12. 


Sept.  13.        Sept.  14. 


0 

0 

0 

0 

0 

0 

0 

6  a.  m. 

56*0 

56*2 

527 

54  I 

57*2 

56*2 

54*0 

7 

58-0 

61 -8 

55  0 

56-4 

57*4 

57*0 

58*1 

8 

57*8 

57*3 

55-8 

57*8 

61  -o 

58-8 

59*6 

9 

58  0 

57  7 

56-4 

58-2 

61  '2 

59 'o 

59*9 

10 

59-0 

605 

58-0 

59*8 

61  "2 

60 -8 

607 

II 

60 -8 

60-4 

586 

60  4 

61 -5 

59*2 

60 -9 

Noon 

617 

59*5 

57*4 

60  4 

61  '9 

61  'O 

62-1 

I  p.  m. 

62 -6 

59  9 

58-3 

62*0 

63 -2 

61 -3 

62-3 

2 

63-5 

60  9 

57-8 

62 '9 

62  3 

6[  '4 

63 -2 

3 

63-4 

60 '2 

589 

62 -6 

63 -8 

61*3 

64*1 

4 

63-8 

60  3 

59  2 

62-8 

63 -6 

61  -2 

64  0 

5 

62*0 

62  -o 

58-5 

63-0 

62  9 

61   0 

633 

6 

59-8 

59 'o 

57-2 

62-2 

60 '9 

60 'O 

63-2 

7 

54-2 

8 

55*8 

9 

54*2 

10 

55-8 

II 

55*9 

Midnight 

, 

Atmospheric  moisture  at  Jackson  Butte ^  rSyg — Completed. 
r  Wet  bulb  thermometer  with  Fahrenheit  scale.] 


Sept.  15.        Sept.  16.        Sept.  17.  Oct.  2. 


56  "9 
59 'o 

60 '2 

63*7 

64*1 

63  3 
66  o 

66-2 

65  9 

66  o 

66  I 
66  o 


54*5 
56 -2 

58-2 

61  '9 

63  o 

63  o 

63 -2 

65*7 
65*1 
65 -2 

653 
64-8 


56  O 
56  o 

57*9 
60 'O 

61  'O 
61 -8 
62 -8 
62-0 
62 -8 
61 -5 


Oct.  3. 

o 

53*0 

53*9 
55*6 
52  o 

53*4 
53*8 

54*9 
56 -8 

59*5 

59  "o 
59 'o 
60 -o 
60 '9 

61  '2 

62  -o 

60  8 

61  -2 


Oct.  4. 


55*0 
55*0 

561 

56-5 
58  o 

58-9 

60  5 

60 -6 

61  -o 
61 -I 
60 'O 
57*8 


Oct.  5. 

o 

48-3 

48-0 
48-0 

487 

47 -o 
48-2 
48 -8 
49*2 
50  5 
52*4 
54*0 
54*6 
55*5 

55*3 
52  o 

49 'o 


Hour. 
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[Wet  tmlb  thermometer  with  Parenheit  scale.] 
Sept.  15.        Sept.  16.        Sept.  17.  Oct.  2.  Oct.  3.  Oct.  4. 
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Oct.  5. 


6 

7 
8 

9 
10 

II 

Midnight 


62 '9 


!-4 

57-8 

54 -6 

57  0 

54 'o 

58*0 

51  'o 

57-3 

52-8 

56-5 

54*1 

55 'o 

53  -8 

54-8 

51  "3 

Round  Top,  iSjg,  direction  and  force  of  the  wind  and  state  of  the  sky. 


[Abbreviations  used:  Wind,  o  »  calm,  i  »  very  light,  2  s  moderate,  3  =»  fresh,  4  =>  strong,  5  »  very  strong,  6  »  gale.  Sky, 
c.  a  clear  sky,  dds.  =>  clouds,  cldy.  »•  cloudy,  cov.^i  »  one-eighth  of  sky  covered  by  clouds,  sm.  »  smoky,  sm.  a  very 
smoky,  ov.  =  overcast,  A.  «  very  hazy,  f.  »  fog.] 


Hour. 
6  a.  m. 

7 
8 

9 
10 

II 

Noon 

I  p.  m. 


3 
4 
5 

6 
7 

8 


Septs. 

SSW.2 
c. 


II 


Sept.  9. 

SW.  2 
cov.  % 


S.  I 
few  elds. 

« 

• 

WSW.4 

» 

WSW.4 
c. 

SSW.2 
few  cld.s. 

• 

SSW.2 
cov.H 

SW.4 

• 

11 

SSW.4 
cov.X 

• 

a 

Sept  10.  Sept.  II.      Sept.  12.        Sept.  13.        Sept.  14. 


o 
c 


SW.6 


NE.  by  E.  I 
c. 

E.  I 


o 
c,  sm. 


o 
c. ,  sm. 


SE.  I 
c. 

li 

S.  I 
c. 
(< 

SSW.2 
c. 

i( 

SW.2 

c,  sm. 
sm. 


sm. 


t( 


SE.  I 
c. 

SSE.  I 
c. 

SE.  I 
c. 

SE.  I 


SSW.  I 
c,  sm. 


SE.I 
c,  sm. 

SSE.  I 
c,  sm. 

11 
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Round  ToPy  1879  ^  direction  and  force  of  the  wind  and  state  of  the  j/ry— Completed. 

[Abbreviations  used:  Wind,  o  =  calm,  1  =  very  light,  2  =  moderate,  3  —  fresh,  4 ■>  strong,  5  =■  very  strong.  6  =  gale.  Sky, 
c.  =  clear  sky,  elds.  =  clouds,  cldy.  =  cloudy,  cov.H  =  one-eighth  of  sky  covered  by  clouds,  sm.  »  smoky,  sm.  a  very 
smoky,  ov.  =  overcast,  h.  =  very  hazy,  f.  =»  fog.J 


Hour. 


Sept.  15.  Sept.  16.        Sept.  17.        Oct  2. 


Oct  3. 


Oct.  4. 


Oct  5. 


I  a.  m. 

sm. 

« 

1                                                                                          • 

. 

2 

(i 

• 

1                                                                                          • 

. 

3 

t( 

• 

1                                                                                          • 

SW.4 

4 

1 

ti 

•                                        \ 

1                                                                                          • 

• 

5 

i( 

•  % 

»                                                                                           • 

• 

6 

ESE.  I 
c,  sm. 

SE.  I 
c,  sm. 

NW.2 
c,  sm. 

• 

1                                                                                          • 

■ 

7 

It 

<< 

NW.  I 

c,  sm. 

•                                                                                  A 

• 

• 

8 

SE.  I 
c,  sm. 

SSE.  I 
c,  sm. 

(( 

m 

m 

• 

• 

9 

ESE.  I 
c. ,  sm. 

<i 

W.I 
c,  sm. 

SSW.  2 
c. ,  sm. 

SW.4 
elds.,  sm. 

• 

10 

SSE.  I 
c,  sm. 

• 

S.  I 
c.,sm. 

• 

• 

II 

• 

SSE.  I 
few  elds.,  sm. 

SSW.  I 

• 

• 

Noon 

SSE.  I 

(i 

S.  I 
c.,sm. 

SSE.  2 
c,  sm. 

SSW.  4 
cov.^jsm. 

• 

I  p.  m. 

E.  I 
cov.  %  ,sm. 

W.I 
c,  sm. 

(1 

SSW.  4 
cov.XfSm. 

• 

2 

8 
g 

bo 

c 

NW.  I 

ov.,sm. 

NW.  I 

(< 

f< 

SW.4 
cldy. 

3 
4 

W.I 

COV.^,5»l. 
<< 

NW.2 
NW.  I 

SSE.  2 
c,  sm. 

SW.  2 
c,  sm. 

It 
sm. 

SW.6 
cldy. 

elds,  cover 
mountain. 

5 
6 

7 
8 

9 

c 

a; 

i: 

n 

ti 

WNW.  I 

COV.^^.JW. 

• 
• 
• 

NW.2 

• 
• 
• 

• 
K 

t( 
il 
« 

• 

SSW.  4 
sm. 

SSW.  6 
SW.6 

• 
• 

• 
• 
• 

10 

• 

■ 

C< 

SW.5 
c,  sm. 

• 

II 

• 

*    • 

•                                                                                 1 

(I 

k 

Midnight 

• 

• 

« 

•                                                                                   • 

« 

» 
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[Abbreviations  used:  Wind,  o  —  calm,  i  =  very  light,  1  =  moderate.  3  =  fresh,  4  =  strong,  5  =  very  strong,  6  «  gale.  Sky. 
c.  =  clear  sky,  elds.  —  clouds,  cldy.  =  cloudy,  cov.  Ji  =  one-eighth  of  sky  covered  by  clouds,  sm.  =  smoky,  sm.  =  very 
smoky,  ov.  =  overcast,  h. »  very  hazy,  f.  =  fog.] 


Hour. 
6  a.  in.' 

7 
8 

9 
10 

II 
Noon 

I  p.  m. 
2 

3 
4 

5 
6 

7 
8 

9 

TO 
11 

Midnight 


Sept  8. 

o 
cov.>^,sni. 

o 

o 

SW.  I 

SW.  I 
cov.  tV 

SW.2 

f  i 


SW.2 

few  elds. 


SW.2 

cov.iSr 


Sept  9.  Sept  10.       Sept  II.       Sept  12.        Sept  13. 


SE.  I 
cov.y^.sm. 

(« 

S.  I 
few  elds. 

SW.  I 

SW.2 

i( 
«« 

If 

14 
(I 
4t 

SW.  I 

SW.  I 
few  elds. 


NE.  I 
sm. 

E.I 


SW.  I 


SW.2 

<« 

SW.  I 

SW.  I 
sm. 

SW.  I 
few  elds. 


M. 


SE.  I 
h. 

o 
(I 

SW.  I 

i( 

(i 

SW.2 

CI 

ft 

SW.  I 

f  f 


o 
few  elds. 


SE.  I 
sm. 

SE.  I 
ft 

o 
SW.  I 

ft 

SW.2 

ft 

W.  2 
ft 

ff 
ft 


GCN.\iySm, 

o 

ft 


tt 


SW.  I 


tt 


tt 


SW.2 

tf 

tf 
f  f 

ff 


o 
sm. 


Sept.  14. 


o 
sm. 


tt 


tf 


SW.  I 
sm. 


tf 


ft 


ft 


If 


ti 


o 
sm. 
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Jackson  Butte  ^  ^^79^  direction  and  force  of  the  wind  and  state  of  the  sky — Continued. 

[Abbreviations  used:  Wind,  o  =  calm,  i  =  very  light,  2  =  moderate,  3  =  fresh,  4  =»  strong,  5  »  very  strong,  6  «  gale.  Sky. 
c.  =»  clear  sky,  elds.  =»  clouds,  cldy,  =  cloudy,  cov.H  =  one-eighth  of  sky  covered  by  clouds,  sm.  =  smoky,  zm.  =  verj- 
smoky,  ov.  »  overcast,  h.  =-  very  hazy,  f .  »  fog.] 


Hour.       Sept.  15. 
I  a.  m. 


Sept.  16.         Sept.  17.         Oct.  2.  Oct.  3. 


3 

4 

5 
6 

7 
8 

9 
10 

II 

Noon 

I  p.  m. 

2 

3 
4 

5 

6 
7 

8 
9 

10 
II 
Midnight 


NE.  I 


NE.  2. 
few  elds. ,  sm. 

NE.  I 
SE.  I 


SW.  I 


ti 


<( 


SW.  I 


SW.  2 

few  elds. 

SW.2 

sm. 


Smoke 
during 
after- 
noon. 


(i 


«t 


SW.  I 
few  elds. 


<« 


SW.  I 

SW.  I 
few  elds. 


E.2 

sm. 

eTi 


SW.  I 


SW.2 

SW.  I 


«( 


14 


it 


SW.  I 
c. 


(i 


t( 


( t 
SW.2 

c. 

SW.  I 
c. 


<( 


<( 


t4 


(I 


o 
c. 

(i 


SE.  I 
c. 


SE.  I 
c. 

o 
c. 

SE.  I 
c. 

SW.  I 
c. 


O 

c. 

SW.  I 
c. 

(( 
tt 


<t 


II 


tl 


o 
c. 


It 


Oct.  4. 


SW.  I 
few  elds. 


1 1 


SW.2 

few  elds. 

SW.3 

elds. 

ii 


(I 


tl 


II 


SW.2 

elds. 


It 


SW.  I 

elds. 


N.I 
elds. 

N.I 

o 


o 
elds. 


Oct.  5. 
W.I 

SW.2 

SW.  I 
elds. 

SW.  I 

SW.  I 
elds. 

SW.  I 
cov.  }i. 

SW.  I 
f.  elds. 
SW.  I 

cov.  yi, 

SW.  I 
cov.  ^. 

elds. 

SW.  I 
elds. 

SW.2 

elds. 

SW.  I 

elds. 

SW.2 

elds. 

SW.3 
elds. 

SW.3 
eld  capped. 


r 
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E.  DETERMINATION  OF  HEIGHTS  OF  PACIFIC  COAST  STATIONS 
SOUTH  OF  LATITUDE  38°  AND  SURROUNDING  MOUNT  HAMILTON, 
CALIFORNIA. 

I.    INTRODUCTION. 

In  view  of  the  fact  that  Mount  Hamilton  (Lick  Observatory)  is  one  of  the  stations 
connected  with  the  longitudes  of  the  arc  of  the  parallel,  the  data  and  adjustment  of 
heights  of  the  stations  surronnding  the  mountain  demand  to  be  presented  here.     The 


No.  19. 


Ate,  7bmnlpm» 

\    A^ 


1-4  \ 


1/ 


SiMTTCLMortna,      ^ 

fRedwoooL)  ^^ 


'beho 


\ 


\ 


^ 


Santa,  Anou 


V 


/ 


Mt,Tono 


Spirit  Imy^l,  Udm  weumr  w  oOwr  ^hemcl  etoubiona. 
ZcruJ^  cUstanc^M  of^Statton^ ~ 

Statute  Miles 


accompanying  diagram  shows  the  observations:  advantage  is  taken  of  the  fact  that 
station  Red  Hill  has  been  connected  with  tide  water,*  making  its  elevation  above 
the  half-tide  level  57*  12  metres  (187*40  feet).  It  is  also  expected  that  a  somewhat 
improved  value  for  the  height  of  Mocho  may  result. 


*  By  Assistant  R.  D.  Cutts,  in  1852. 
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2.    ABSTRACT   OF    REDUCED    ZENITH    DISTANCES. 

Mount  Diablo.  August  and  September,  1876.  Vertical  Circle,  No.  37.  W.  Eimbeck,  observer. 
November  and  December,  1884.  Vertical  Circle,  No.  80.  F.  Morse,  observer.  July,  1892.  Ver- 
tical Circle,  No.  iii.     F.  W.  Edmonds,  observer.     Geoi-ge  Davidson,  chief  of  party  in  1876-84-92. 


Num- 
ber of 
da  vs. 


Object  observed. 


Observed 

zenith 
distance. 


Reduction     '^,^^"*^- 
to  level    f«,."^„ 

of  station.  »°»^.*5f«"- 
tncttv. 


Reduced  ^. 


// 


T876 
1884 
1892 

1876 
1884 

1884 
1892 


6       Mocho, 
1 2       Mocho, 

9       Mocho, 
27       Mocho,  mean 

4       Loma  Prieta, 
1 1        Loma  Prieta, 
15       Loma  Prieta,  mean 
II       Sierra  Morena, 

I       Mount  Conness, 
1 1       Mount  Hamilton,  top  of 
small  dome,  1884 

3       Mount  Hamilton,  top  of 
small  dome,  1892 

14       Mount  Hamilton,  top  of 
small  dome,  mean 

Observations  in  1876  mostly  between  5  hours  15 
.    minutes  and  7  hours  p.  m. ;  in  1884  between 
noon  and  i  hour  p.  m. 


90  07  54  '3 
90  07  26  '4 

90  07  52  '9 

90  20  18 '8 
90  19  39  o 

90  37  32  -I 
90  12  30*6 

90  07  42  '3 

90  07   42  "2 


+  47 
4-107 

-  5-6 

-f  3'o 

-f-  87 

-f  lO'O 

+  i-i 
+  4-6 
-f  0-8 


// 


// 


mm. 


~o  7.    90  07  58  '3  661 

-o  7     90  07  36  "4  654 

o  -o    90  07  58  '5  663* 
90  07  48  -6 

— o  *!     90  20  21  7  661 

— o-i     90  19  47 -6  654 

90  19  56  7 

-01     90  37  42-0  654 

o*o    90  12  31  7  664*^ 

— o  '6     90  07  46  '3  

CO    90  07  43  "O  


r. 

(cent.) 


^7  7 
II  -o 

21*5 

18-9 

13 '4 

12-8 


Logs. 


4  739  49 


4*933  29 
4798  25 


199    5  '358  24 


90  07  45  *6  4  '809  84 

minutes  and  8  hours  a.  m. ,  and  between  3  hours  20 
10  hours  a.  m.  and  i  hour-  p.  ni;  in  1892  between 


Mocho.     September  and  October,  1887.     Vertical  Circle,  No.   57.     P.  A.  Welker,  observer;  George 

Davidson,  chief  of  pai:ty. 


0      /      // 

// 

'/ 

0       /        // 

mm. 

0 

8 

Mount    Hamilton, 

top 

of  r  89  51  46*1 
I  89  53  27  -5 

4-106-5 

-3*4 

89  53    29  -2 

•   •  •  « 

■      •      •      • 

small  dome 

-14*3 

00 

89  53  13  '2 

•   ■   ■   • 

•      ■     •     ■ 

Mean 

89  53  21  -2 

4*227  98 

10 

Mount  Diablo 

90  17  04-3 

-f   10 

-ro-i 

90  17  05-4 

657 

24-4 

4  739  49 

6 

Mount  Tamalpais 

90  38  21  -I 

4-0-9 

4-0 -I 

90  38  22  -I 

656 

21-5 

5  018  32 

12 

Loma  Prieta 

90  17  32-3 

+  51 

0-0 

90  17  37  '4 

657 

24-4 

4-681  43 

13 

Santa  Ana 

90  23  19  9 

+  3*3 

0-0 

90  23  23  -2 

657 

24 '3 

4  -843  05 

II 

Sierra  Morena 

90  41   17-9 

+  1*9 

0-0 

90  41   19*8 

6S7 

25  0 

4*826  15 

4 

Round  Top  * 

90  09  06  'I 

+  01 

— o-i 

90  09  06*1 

654 

26-0 

5  -277  86 

8 

Mount  Conness 

90  03    44  -2 

05 

— 0-2 

90  03  43  '5 

656 

21  '7 

5  -310  41 

Observations  taken  between  11  hours  15  minutes  a.  m.  and  i  hour  20  minutes  p.  m. 

Mount  Tamalpais.  March,  1859.  Vertical  Circle,  No.  80.  George  Davidson,  observer.  September 
and  October,  1882.  Vertical  Circle,  No.  iii.  E.  F.  Dickins,  and  J.  F.  Pratt,  observers.  G. 
Davidson,  chief  of  party. 


// 


II 

7 
4 

2 

6 


Sierra  Morena,  1882 
Mocho,  1882 

Rocky  Mound,  1882 
Rocky  Mound,  1859 
Rocky  Mound,  mean 


90  17  01  '9 

90  08  43  '6 
90  46  14  -4 
90  46  03  -3 


f  2-5 
-r  0-4 
-h  o'4 
--I8-8 


— 0-2 

— O'l 

O'O 

0-0 


// 


tnm. 


90    17   04  -2  694         21  -9        4  -795   34 

90  08  43  -9  694         19  -5         5  -018  32 

90  46  14  -8     

90  46  22  -I     

90  46    1 7  -2  4  -498    10 


Observations  in  1859  between  2  hours  45  minutes  and  4  hours  45  minutes  p.  m.;  in  1882  between  noon 

and  4  hours  30  minutes  p.  ni. 


*  Result  doubtful. 
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Sierra  Morena  (Redwood).    December,  1883,  and  January,  1884.    Vertical  Circle,  No.  iii.    R.  A.  Marr, 

observer;  George  Davidson,  chief  of  party. 


Num- 
ber of 
days. 


II 
12 
12 

13 
8 

II 


Object  observed. 


Mount  Tamalpais 

Mount  Diablo 

Loma  Prieta 

Mocho 

Mount    Hamilton,  top  of 

small  dome 
Red  Hill 


Observed 

zenith 
distance. 


o       /       // 
90   10  46*1 

89  49  51  -o 

89  44  29*0 

89  48  32  '2 

89  40  55  -.8 


Reduction 

to  level 
of  station. 


-^0-5 
—  O'l 

+  3*4 

-t-    0*2 

-47 


Reduc- 
tion 
for  eccen- 
tricity. 


Reduced  i        P. 


ff         o     /      //  tntn, 

-r-O  'I  90    10  46  7  704 

-ho -5  894951-4  703 

+0-I  89  44  32-5  703 

-f  o  '5  89  48  32  '9  704 

-ho '5  89  40  51  -6  


T. 

(cent.) 


13 '9 
14*5 
13-6 
12  7 


Log  J. 


6%   Rocky  Mound 


-2-5     —30    91  40  38  7     

—  2  'o        o  -o    90  31  24  7     

Observations  between  11  hours  58  minutes  a.  m.  and  i  hour  14  minutes  p.  m. 


91  40  44  -2 
90  31  26  7 


4  795  34 
4  798  25 
4  723  55 
4-826  15 
4-774  12 

4  -388  69 
4-721  83 


Loma  Prieta  (Mount  Bache).     February  and  March,   1884.     Vertical  Circle,  No.   iii.     R.  A.  Marr, 

observer;  George  Davidson,  chief  of  party. 


// 


10  >^;  Mount  Diablo 
10    I  Sierra  Morena 

10  !  Mocho 

I 

9^;  Mount  Toro 

1 1  '  Santa  Ana 

5    I  Mount  Hamilton,   top  of 
I      small  dome 


90  18  54  -2 

90  39  II '5 
90  04  40-6 

90  19  18 '9 

90  16  29-8 

89  52  08  -4 


// 


—  17 

—  1-6 

-3*5 

—  I  *o 

-r  0-3 

-13 '4 


// 

0     /      // 

tntn. 

0 

-0-2 

90  18  52  -3 

669 

16 -o 

4*933  29 

0-0 

90  39  09  -9 

668 

16-4 

4723  55 

-0-4 

90  04  36  7 

669 

15*8 

4-681  43 

r  o'2 

90  19  18 -I 

•   ■  •  • 

•   •   «   • 

4  -833  86 

— 0-2 

90  16  29-9 

•  •  •  ■ 

■   •  «   • 

4  770  63 

07 

89  51  54*3 

•   •  •  « 

•   •  •   • 

4  '494  46 

Observations  between  1 1  hours  50  minutes  a.  m.  and  i  hour  4  minutes  p.  m. 

Mount   Toro.    January  and  February,   1885.     Vertical  Circle,  No.  80.     R.  A.   Marr  and   F.   Morse, 

observers;  George  Davidson,  chief  of  party. 


12 

II 

5 
9 


0      /      // 

// 

// 

0      /        // 

90  II  38-1 

-h  I -I 

■fo-3 

90  "  39*5 

90  10  44  -4 

-r  0-8 

o*o 

90  10  45  -2 

90  18  06 -6 

09 

-10-2 

90  18  05  -9 

90  12  17  -7 

4*3 

-I-0-2 

90  12  13  -6 

tnfn. 


Loma  Prieta 
Santa  Ana 
^locho 

Mount   Hamilton,   top  of 
small  dome 

Observations  between  noon  and  1  hour  p.  m. 


4  -833  86 
4731  16 

5  '024  03 
4  '957  02 


Santa  Ana.     November  and  December,  1885.     Vertical  Circle,  No.  80.     E.  F.  Dickins  and  F.  Morse, 

observers ;  G.  Davidson,  chief  of  party. 


0    /      // 

// 

// 

0      /         // 

tnnt. 

0 

II 

Loma  Prieta 

90  10  II  'I 

-h    2-1 

-f-O'I 

90  10  13 '3 

•   • 

4  770  63 

II 

Mount  Toro 

90  13  17-5 

+   03 

—0-2 

90  13  17*6 

•  • 

4  731  16 

II 

Mocho 

90  08  36  -8 

-    17 

-ho -2 

90  08  35  3 

•   • 

4-843  OS 

6 

Mount  Hamilton, 

top 

of 

small  dome 

90  02  41  '9 

-  5*4 

-f-O-2 

90  02  36  '7 

•   ■ 

4  782  49 

Obser\-ations  between  1 1  hours  50  minutes  a.  m.  and  i  hour  5  minutes  p.  m. 
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Rocky  Mound,     June,  1885.     Vertical  Circle,  No.  80.     F.  Morse,  observer ;  George  Davidson,  chief  of 


Num- 
ber of 
days. 


Object  observed. 


party. 


Observed      Redaction 


Reduc- 
tion 


T. 


zenith  to  level     fo^^^-     Reduced  <        P.       ,''.  s         Ijags. 

distance.       of  sUtion.  '^J.^""  K^nt.)         **^ 


// 


// 


// 


//     tnin. 


4    !  Mount  Tamalpais 


4 
I 


Red  Hill 
Sierra  Morena 


89  27  33  "2       —2-6        o  -o    89  27  30  "6 

90  41  36  'o       —  3  '2        o  'o    90  41  32  '8 
89  51  23  7       —   I  -2        o  -o    89  51  22  '5 

Observations  between  noon  and  i  hour  p.  m. 


4*498  10 

4  590  91 
4  721  83 


Red  Hill.     June,   1885.     Vertical  Circle,  No.  80.     F.  Morse,  observer;   George  Davidson,  chief  of 


party. 


// 


// 


// 


//    mm. 


3  ;  Sierra  Morena 
2  I  Rockv  Mound 
2       Mount  Tamalpais 


88  29  45  '4   —  2  *4   o  'o  88  29  43  -o 

89  36  08  '9   —2-6   o  -o  89  36  06  '3 
89  31  27  -o   —  I  3    o  o  89  31  25  7 


4-388  69 

4  -590  91 
4  782  06 


3.    COEFFICIENT   OF   REFRACTION. 

The  coefficient  of  refraction  and  its  weight  for  each  line  where  there  were  reciprocal 
zenith  distances  were  computed  by  the  usual  formulae — 


/«  =  o-5 


p  sin  I 


II 


nn. 


2S 


(C,  +  C„  -  180°)  and  p  =       '  "    - 


10 


10 


with  the  following  results — 


Stations. 


Mount  Diablo  to  Mount  Tamalpais 
Mocho  to  Mount  Diablo 
Mocho  to  Mount  Tamalpais 
Mount  Diablo  to  Sierra  Morena 
Mount  Tamalpais  to  Sierra  Morena 
Mocho  to  Sierra  Morena 
Mount  Diablo  to  Loma  Prieta 
Mount  Tamalpais  to  Rocky  Mound 
Sierra  Morena  to  Rocky  Mound 
Sierra  Morena  to  Red  Hill 
Rocky  Mound  to  Red  Hill 
Loma  Prieta  to  Sierra  Morena 
Mocho  to  Loma  Prieta 
Mocho  to  Santa  Ana 
Loma  Prieta  to  Santa  Ana 
Loma  Prieta  to  Mount  Toro 
Santa  Ana  to  Mount  Toro 
Weighted  mean 

This  mean  value  was  used  in  computing  the  difference  of  height  of  two  stations 
when  the  zenith  distance  was  observed  at  only  one  of  them. 


m. 

/. 

0*077 

1-85 

•080 

2 -20 

•o8i 

3  52 

•094 

2  26 

•087 

2  15 

•086 

2*67 

•081 

4-55 

•093 

0*24 

•100 

0*24 

•107 

0*14 

•081 

0*20 

•085 

I  53 

•071 

I  -26 

■075 

2-89 

■079 

I  "91 

•080 

2*47 

•086 

I  -60 

0082 
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4.    COMPUTATION    AND   ADJUSTMENT   OF    DIFFERENCES   OF   HEIGHT. 

The  difference  of  height  of  two  stations  at  which  the  reciprocal  zenith  distances 
C,  C„  were  observed  and  its  weight  were  computed  as  usual  by  the  formulae — 


^h  =  A„  —  ht  =  s  tan  y, 


^(C»"Cx)[ 


2/0  '    I2/»» 


1        ,   ^        ftjU^      10" 


Where  only  one  zenith  distance  was  observed,  a  value  for  the  coefficient  of  refraction 
was  assumed  and  the  formulae — 

^A  =  .cotC  +  ^:F^.— ^--^cotC+ and    /  =  'i.'-^° 

were  used.     In  the  following  table  of  differences  of  height  the  first  16  results  are  from 
reciprocal  zenith  distances,  the  others  from  one  zenith  distance  only. 

The  method  of  ' '  direct  observations ' '  was  used  in  adjusting  the  differences  of  height. 
As  may  be  seen  from  the  sketch,  ten  stations  are  involved,  of  which  the  heights  of  three 
are  fixed — Mount  Diablo  and  Mount  Tamalpais  by  the  previous  adjustment  and  Red 
Hill  from  spirit  leveling  by  Assistant  R.  D.  Cutts  in  1852.  The  heights  of  these  three 
stations  and  the  assumed  approximate  heights  of  the  seven  others  are  as  follows: 


Mount  Diablo 
Mount  Tamalpais 
Red  Hill 
Sierra  Morena 
Mocho 
Rocky  Mound 


m. 

I   173-10 

79074 
57*12 

736-f^x 
I  248-|-;ra 

429+^3 


m. 
Loma  Prieta  i  iST+x^ 

Santa  Ana  i  loi-f -^5 

Mount  Toro  i  o8i-f  ;r6 

Mount  Hamilton  (top  of  i  399   ~\-Xj 

small  dome) 


Stations. 


Differences  0/ height  and  resulting  observation  equations. 

AA.  /.  Observation  equation.    ^^}^^    ^^tlT^ 


AA. 


ancy. 


Mocho  to  Mount  Diablo 
Mocho  to  Mount  Tamalpais 
Mount  Diablo  to  Sierra  Morena 
Mount  Tamalpais  to  Sierra  Morena 
Mocho  to  Sierra  Morena 
Mount  Diablo  to  Loma  Prieta 
Mount  Tamalpais  to  Rocky  Mound 
Sierra  Morena  to  Rocky  Mound 
Sierra  Morena  to  Red  Hill 
Rocky  Mound  to  Red  Hill 
Loma  Prieta  to  Sierra  Morena 
Mocho  to  Loma  Prieta 
Mocho  to  Santa  Ana 
Loma  Prieta  to  Santa  Ana 
Loma  Prieta  to  Mount  Toro 


fn. 

fH. 

m. 

74-10 

24-2 

o=-f 

0  -804- r. 

74-98 

0-88 

44971 

3-0 

o=-f  7  55 -»--*•« 

457*34 

7-63 

437  -36 

14*6 

0— r 

0  '264- jr, 

437  -17 

0-19 

57 '13 

14-1 

0=4- 

2  39 +-^1 

54-81 

2  32 

514  52 

13-3 

o=-f 

2  524-^,- 

-^8 

512-15 

2-37 

13 '39 

8-4 

0=4- 

271-^4 

15-64 

2  25 

36079 

24*2 

0=4- 

o-95-'«'3 

361  29 

0-50 

306  92 

3-1 

0=4- 

o"o84-^,- 

-^i 

306-48 

044 

679  83 

39 '4 

0=4- 

095    -^-x 

* 

678  -81 

I  X2 

371 -11 

8-8 

0= 4- 

077+^3 

372  -33 

I  '22 

420  43 

19-5 

0=4- 

o-57--«"i4-^4 

421  -53 

I  -10 

90  90 

237 

0=4- 

0  •104-jrB- 

-■^4 

90*62 

028 

149-98 

12*3 

0=+ 

2  •98-^.4-^5 

146  -72 

3 -26 

53-84 

15-8 

0=4- 

2  164-^4- 

-^5 

56*10 

2-26 

75-84 

11*4 

0=4- 

o*  164-^4- 

-Xt 

76-30 

0-46 
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IMfferences  0/ height  and  resulting  obsen'oiion  equations- -Covn^leteA. 
Stations.  AA.  /.         Observation  equation.    Ac^usted    I^^^ep- 

m. 

Santa  Ana  to  Mount  Toro 
Mount  Tamalpais  to  Red  Hill 
Ivlocho  to  Mount  Toro 
Mount  Hamilton  to  Mount  Diablo 
Mount  Hamilton  to  Mocho 
Mount  Hamilton  to  Sierra  Morena 
Mount  Hamilton  to  Loma  Prieta 
Mount  Hamilton  to  Mount  Toro 
Mount  Hamilton  to  Santa  Ana 

The  solution  of  the  normal  equations  formed  from  the  above  observation  equations 
gave  the  following  corrections  to  the  assumed  heights: 

-»'i=-o7  -*'5=-t-*36 

x^——  -08  ^6=-|-  "16 


m. 

m. 

m. 

19-90 

19-0 

0=4-  0 -10-^-^5—^6 

20-20 

0-30 

743  '61 

1*4 

■   •  •  • 

733  '62 

(9*99) 

177-96 

1  -I 

0— ^-io-96— jr,-f^6 

166-92 

II  -04 

1 27  -98 

8-4 

0=4-  2  -08— Ji'y 

12577 

2-21 

51*45 

70*0 

o=-i-  o-45-fa-,-^y 

5079 

0-66 

562-31 

5  7 

0=-r-    0 '6f)—Xi-\-Xj 

562-94 

0-63 

137*51 

12-8 

o=-u  4'^g~jt^-\-Xj 

141  -41 

3*90 

217  -21 

2-7 

0=4-  o-79-;r6-h;r, 

217  -71 

050 

195  -03 

4*1 

0=4-  2 -97-jir54-;r7 

197  -51 

2-48 

^3=-  '45  ^7=-  '13 

^-4=-^  -46 


hence  the  resulting  heights — 


Mfttes.  Feet.  Metres.  Feet. 

Sierra  Morena  735  -9  or  2  414         Santa  Ana  i  loi  -4  or  3  614 


Mocho  I  248  -I         4  095 

Rocky  Mound  429  4         i  409 

Loma  Prieta  i   157  -5        3  798 


Mount  Toro  i  081  '2        3  547 

Mount  Hamilton,  top  of    i  298  '9        4  261 
small  dome 


In  a  letter  from  Director  H olden  the  height  of  top  of  the  small  dome  above  the 
marble  floor  of  the  Lick  Obser\'atory  is  stated  to  be  40  feet  4  inches  (12*3  metres); 
hence  the  height  of  the  marble  floor  is  i   286'6  metres,  or  4  221  feet. 

In  the  table  of  differences  of  height,  the  last  two  columns  contain  the  adjusted 
values  and  the  differences  between  them  and  the  values  resulting  directly  from  the 
obserx^^ations. 

F.    DETERMINATION   OF   HEIGHTS   OF   STATIONS   OF   PRIMARY   TRI- 

ANGULATION  ACROSS  THE  SACRAMENTO  AND  SAN 

JOAQUIN  VALLEYS,  CALIFORNIA. 

I.    INTRODUCTION. 

The  difficulty  experienced  when  attempting  the  determination  of  heights  on  the 
crest  of  the  Sierra  Nevada  by  means  of  zenith  distances  measured  over  the  long  lines 
spanning  the  great  valley  of  California  rendered  it  necessary  to  supplement  the  older 
measures.  This  was  done  in  the  summer  of  1898,  by  strictly  simultaneous  reciprocal 
measures  over  shorter  lines,  along  which  the  variations  of  refraction  are  less  injurious. 

It  was  noted  that  the  nearer  the  terminal  stations  of  a  line  approached  the  ocean 
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the  greater  was  the  refraction,  and  that  in  the  diurnal  variation  the  hour  of  the  minimum 
refraction  occurred  in  the  forenoon  for  coast  stations,  but  in  the  early  afternoon  for 
stations  in  the  interior.  Apparently,  also,  a  great  difiFerence  in  the  angle  of  refraction 
was  shown  t6  subsist  at  the  lower  and  upper  stations  in  the  Martinez  East  and  Mount 
Diablo  experiments,  where  the  combination  with  spirit  leveling  enabled  us  to  determine 
this  difference,  subject,  however,  to  any  effect  of  the  local  deflection  of  the  verticals  of 
the  stations  in  the  plane  of  the  measures. 


No,  ?'^. 


MdayaviUe.  Suxt^o^ 


I 
I 
I 
I 


^  //  \  NortK 

//  \ 

^^  \  ^^x7'\ 


/ 


/ 


^ 


2itJ>iablo 


/ 


/ 


/ 


/ 


/ 


/ 


"/ 


/ 


/ 

/ 
/ 
/ 
/ 

/ 


\ 


\ 


\ 


Mc.Q. 


\ 


Jiiocho 


A 


Spirit  ZevC'Z,  or  ether  /ZrccJ  stcuioris.. 
Zenith,  cUstcutecs  of  atatioms , 


Statjutc  Miles 


fa""""^ 


10 


10 


20 


30 


Co 


60 


60 


70 


60 


If,  further,  we  reflect  that  the  resulting  zenith  distances,  as  tabulated,  were  taken 
mostly  at  different  hours  of  the  day,  in  different  months  of  the  year,  and  in  different 
years,  with  only  the  new  (1898)  measures  simultaneous,  it  does  not  seem  surprising 
that  it  became  necessary  to  exclude  the  resulting  differences  of  height  over  the  several 
long  lines  across  the  valley  which  range  up  to  229  kilometres  or  142  statute  miles. 
Comparing  results  over  these  long  lines  from  the  above  compiled  reciprocal  measures, 
with  results  derived  from  observations  at  one  end  of  a  line  only,  the  relative  weights  of 
18732 — No.  4 20  ■ 
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the  latter  are  not  so  much  inferior  as  would  appear  at  first  sight;  due  weights  were 
given  as  shown  farther  on.  The  eifect  on  the  value  of  the  difference  of  height  from 
local  deflections  of  the  verticals  is,  in  general,  within  the  uncertainty  of  the  measures  of 
zenith  distances,  which  can  hardly  be  depended  upon  within  about  lo  seconds,  while 
the  local  deflections  do  not  ordinarily  reach  half  this  amount.  Neither  local  deflections, 
so  far  as  known,  nor  the  effect  of  an  omitted  term  in  the  formula  for  computing  heights, 
involving  the  difference  of  refraction  at  the  upper  and  lower  station,  as  far  as  this  could 
be  ascertained,  could  be  made  to  produce  any  closer  results. 

The  process  of  reduction  actually  followed  is  as  follows:  With  reference  to  accom- 
panying sketch  of  the  lines  and  measures  involved,  the  height  of  the  central  station, 
Pine  Hill,  was  first  determined.  There  are  6  lines  to  it  from  stations  of  fixed  height, 
of  which  the  two  long  and  one-sided  lines  from  Mount  Helena  and  Mount  Diablo  were 
excluded,  and  less  weight  was  given  for  the  one-sided  line  from  Yolo  Base  Northwest. 
The  weighted  mean  of  the  4  determinations  was  adopted.  Similarly  the  weighted 
results  from  the  8  lines  to  Marysville  Butte  (omitting  the  two  long  ones)  were  com- 
bined. The  average  value  of  the  coefficient  of  refraction  for  the  locality  was  used; 
then  followed  the  ascent  to  Jackson  Butte,  Round  Top  and  Mount  Lola,  where  a  check 
was  had  from  spirit  levels  of  the  railroad  to  Truckee  and  thence  to  Mount  Lola.  The 
difference  in  height  between  the  valley  stations  Pine  Hill  and  Jackson  Butte  and  the 
mountain  stations  Round  Top  and  Mount  Lola  is  so  great  (over  2000  metres),  that  it 
became  necessary  to  retain  in  the  formula  for  computing  the  difference  of  height  the 
term  depending  on  the  different  values  of  the  refraction  at  the  upper  and  lower  stations. 

2.    ABSTRACT  OF  REDUCED  ZENITH  DISTANCES. 

Southeast   Yolo  Base.     August,   1880.     Vertical  Circle,  No.  80.     E.  F.  Dickins,  observer;    George 

Davidson,  chief  of  party. 

Num-  Observed        Reduction  Reduction 

berof  Object  observed.  zenith  to  level         ^i™  Reduced^.         P.  T.  l^ogs. 

days.  distance.  of  A-  tridty  ^^^^'"^ 

o      /        //  //  //  o        /         //  y^^         o 

Marysville  Butte  894920-4        —4*0        — o'8    894915*6      751     32*4    4*87660 

Observations  mostly  between  2  hours  30  minutes  and  5  hours  30  minutes  p.  m. 

Northwest  Yolo  Base.     August  and  September,  1880.     Vertical  Circle,  No.  80.     J.  J.  Gilbert,  observer; 

George  Davidson,  chief  of  party. 


/       //  //  //         o      /       // 


nnn. 


8 
II 


Pine  Hill  895111-8        —0*8        +0*1     895111-1       754    327    4*87889 

Marysville  Butte  89  38  29  2        — o  -8        — o  2    89  38  28  '2      753    33  '6    4  -767  95 

Observations  mostly  betv^-een  2  hours  and  5  hours  30  minutes  p.  m. 


Monticello.     October,  1880.     Vertical  Circle,  No.  80.     E.  F.  Dickins,  observer;  George  Davidson,  chief 
of  party.     June,  1898.     Vertical  Circle,  No.  80.     F.  Morse,  observer  and  chief  of  party. 

o     /      //  //  //       o     /      //       mm.      ° 

8     Marysville  Butte,  1880  9030x1-4        ■\-o\2  00    903011*6      682     18-3    4 '833  70 

7     Pine  Hill,  1880  903337*4  o'o        -f-o*i    9°  33  37 '5      682     18 -i     Not  used 

7     Pine  Hill,  1898  903417*5        —2*0  0*0    903415*5      682    22*1    5*01941 

Observations  in  1880  mostly  between  2  hours  and  5  hours  30  minutes  p.  m.;  in  1898  between  10  hours 

30  minutes  a.  m.  and  4  hours  30  minutes  p.  m. 
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Vaca.     November,  1880.     Vertical  Circle,  No.  80.     E.  F.  Dickins,  observer;  George  Davidson,  chief  of 
party.     June,  1898.     Vertical  Circle,  No.  80.     F.  Morse,  observer  and  chief  of  party. 


Num- 
ber of 
days. 


Object  observed. 


Observed 

zenith 
distance. 


// 


Reduction 

to  level 

of  A. 


// 


Reduction 
for 
eccen- 
tricity. 

// 


Reduced  <. 


// 


^'      (Cent.)     ^K-^- 


mm. 


8  I  Marysville  Butte,  1880 

5 
6 


902503-6        +0*3        — 0-2    9025037      701     14-4    4 '977  57 
Pine  Hill,  1880  90  26  30*5         -fo*i         — o'l     90  26  30*5       700     16 'o    Notused 

Pine  Hill,  1898  902705*6        —2*0  o'o    902703*6      699    24*8    5-011  71 

Observations  in   1880  between  i  hour  and  4  hours  30  minutes  p.m.;  in  1898  between  10  hours  30 

minutes  a.m.  and  4  hours  30  minutes  p.  m. 

Mount  Diablo.    August  and  September,  1876.    Vertical  Circle,  No.  37.    W.  Eimbeck,  observer;  George 


Davidson,  chief  of  party.     July,  1892.    Vertical  Circle,  No.  iii. 
Davidson,  chief  of  party. 


F.  W.  Edmonds,  obser\'er;  George 


0     /      // 

// 

// 

0       /        // 

mfn. 

^. 

8 

Round  Top, 

1876 

90  06  57  '4 

4-2*9 

—  I  *i 

90  06  59  -2 

662 

17-3 

5  275  46 

6 

Marysville  Butte, 

1876 

90  45  37  '8 

+3-6 

0-0 

90  45  41  '4 

662 

16 -I 

5  '167  94 

6 

Mount  Lola, 

1876 

90  25  07  -6 

4-2-3 

0-6 

90  25  09  -3 

661 

16-2 

5  '339  86 

3 

Pine  Hill, 

1876 

90  43  25  •! 

4-4*4 

0-3 

90  43  29  -2 

662 

157 

5*090  55 

I 

Mount  Conness, 

1892 

90  12  30-6 

-ri*i 

O'O 

90  12  31  -7 

664 

19*9 

5  -358  24 

Observations   in  1876  mostly  between  5  hours  15  minutes  and  8  hours  a.  m. ,  and  between  3  hours 

20  minutes  and  7  hoiu-sp.  m.;  in  1892  about  12  hours  15  minutes  p.m. 

Mocho.     September  and  October,  1887.     Vertical   Circle,  No.  57.      P.  A.  Welker,  observer;   George 

Davidson,  chief  of  party. 


4     Round  Top 
8     Mount  Conness 


0     /       // 

// 

90  09  06-1 

4-0 -I 

90  03  44  -2 

-0-5 

//       o      /      //        jntn.       ^ 
— o'l     900906-1       654     26-0    5-27786 
— o  -2     90  03  43  -5      656     21  -7     5  -310  41 


Observations  between  1 1  hours  30  minutes  a.  m.  and  i  hour  20  minutes  p.  m. 

Mount  Helena.     October  and  November,  1876.     Vertical  Circle,  No.   37.     W.   Eimbeck,  observer 

George  Davidson,  chief  of  party. 


// 


// 


// 


// 


mm. 


4-0-9       40-3     902428-9      654     1 1 -8  5*33016 

4-2  '2          o  -o    90  46  16  -8      652      9-1  4  -965  06 

-ho  9      4-0  -6    90  23  57  -9      652      8-3  5  -360  02 

4-1  '5      -fo  -3    90  48  22  -6      654     10  -8  5  -155  48 

Observations  mostly  between  6  hours  40  minutes  and  9  hours  a.  m. ,  and  between  3  hours  30  minutes 

and  5  hours  p.  m. 

Sacramento,     May,  1898.     Vertical  Circle,  No.  80.     F.  Morse,  observer  and  chief  of  party. 


4 

Mount  Lola 

90  24  27  -7 

8 

Marysville  Butte 

90  46  14  -6 

9 

Round  Top 

90  23  56-4 

6 

Pine  Hill 

90  48  20  -8 

o       / 


// 


// 


// 


o       / 


//      mm. 


Pine  Hill  892802-9      —171 '9      4-0-3    89  25  11 -3      755    228      4-66023 

Observations  between  10  hours  30  minutes  a.  m.  and  4  hours  and  30  minutes  p.  m. 
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Pine  Hill.     May  and  June,  1898. 


Num- 
ber of 
days. 

object  observed. 

Observed 

zenith 
distance. 

Reduction 
to  level 

of  A. 

0      /         // 

// 

5 

Jackson  Butte 

90  06  01  '3 

-     8-3 

10 

Sacramento 

90  53  35  -8 

+  163-3 

6 

Vaca 

90  20  16 '8 

1-9 

7 

Monticello 

90  14  10  "2 

1-9 

5 

Mount  Lola 

89  05  30  -8 

-     i-S 

17 

Round  Top 

88  39  14  -2 

-     5-2 

Vertical  Circle,  No.  100.     J.  J.  Gilbert,  obser\'er  and  chief  of  party. 

Reduction 
e<S?n-        Reduced  tf.         P.      ^J;^^^     Log.,, 
tridty. 


// 


// 


tnm. 


o  -o    90  05  53  -o      706    25  -8 


0*0  90  56    19  T 

o  'o  90  20  14  *9 

00  90  14  08  '3 

o'o  89  05  29*0 

o  "o  88  39  09  'o 


705  18  -8 

706  26  -8 

707  26  -6 
704  31-9 
707  24  -4 


4-683  27 

4*668  23 

5 'Oil  71 

5  *oi9  41 
4-981  99 

4  '936  02 


Observations  between  10  hours  30  minutes  a.  ni.  and  4  hours  30  minutes  p.  m. 


Jackson  Butte.     September  and  October,  1879.    Vertical  Circle,  No.  11 1.     J.  F.  Pratt,  observer;  George 

Davidson,  chief  of  party.     May,  1898.     Vertical  Circle,  No.  80.     F.  Morse,  observer  and  chief 

of  party. 

mm.       o 

701     24  -9      4  -859  57 

•  •  •  •  » 

701     25  -S 

4*683  27 

Observations  in  1879  on  Round  Top  at  all  hours;  on  Pine  Hill  between  10  hours  17  minutes  and  10 
hours  26  minutes  a.  m.;  in  1898  between  10  hours  30  minutes  a.  m.  and  4  hours  30  minutes  p.  m. 

Mount  Lola.     July,  1879.     Vertical  Circle,  No.  So.     J.  F.  Pratt,  obser\-er;  George  Davidson,  chi-f  of 
party.     June,  1898.     Vertical  Circle,  No.  80.     F.  Morse,  observer  and  chief  of  ptarty. 


0     /        // 

// 

//        0     /        // 

14 

Round  Top*,  1879 

88  20  02  -6 

7 

Pine  Hill,        1879 

90  16  49  '4 

—  I  -o 

0  -o    90  16  48  "4 

4 

Pine  Hill,        1898 

90  16  53  -9 

-5*4 

o*o    90  16  48-5 

II 

Pine  Hill,  mean 

90  16  48  -4 

10  i  Pah  Rah,  1879 

10  I  Mount  Diablo,  1879 

12  ,  Mount  Como,  1879 

10  I  Mount  Helena,  1879 
9  Marys ville  Butte,  1879 

11  Round  Top,  1879 
10  Pine  Hill,  1S79 

5  Pine  Hill,  1S98 

15  I  Pine  Hill,  mean 


o        /  // 

90  31  24  -8 

91  16  15-5 

90  22  53  3 

91  13  19-1 
91  27  44-5 

90  07  24  '9 

91  40  21  '9 
91  40  37  -2 


// 

-o'3 
-0-4 

—  I  'O 

—0-3 

-05 
-0-6 

-05 

-2*3 


// 
-0  "2 

-roi 

-fo-5 

O'O 
— O'l 


90  31 

91  16 

90  22 

91  13 
91    27 

-|-o*6    90  07 

-0-3     91  40 

o  "o     91  40 

91  40 


// 
24*3 
15*2 
52-8 
18-8 

43*9 
24  9 

21  -I 

34*9 
25*7 


mm. 

547 
546 
546 
546 
546 
546 
546 
54S 


12  -6 

8-9 

12-5 

7*9 
10*2 

12  -2 

12  -I 
16-3 


4  '936  44 

5  *339  86 
4-951  80 
5*330  16 
5  *io7  30 
4  *959  22 


4-981  99 

between  3  hours  and  6  hours 
hours  30  minutes  p.  m. 


Observations  in  1879  between  5  liours  20  minutes  and  9  hours  a.  m.,  and 
25  minutes  p.  m.;  in  1898  between  10  hours  30  minutes  a.  m.  and  4 

Mount  Conness.     August  and  September,  1890.    Vertical  Circle,  No.  80.     J.  J.  Gilbert  and  I.  Winston, 

observers;  George  Davidson,  chief  of  party. 


4 
7 


Mount  Diablo 
Mount  Grant 


o       /  //  //  //  o       /  // 

91  32  59*2       -f  67-5       -1-2     91  34  05-5 
90  34  04-1       -1-189-1  o-o    90  37  13-2 


mm. 


5  *358  24 
4  -910  91 


Observations  between  ii  hours  50  minutes  a.  m.  and  12  hours  50  minutes  p.  m. 


♦Sec  discussion  of  special  obserx-ations  for  diurnal  variation  of  refraction  pp.  2^0-296. 
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Round  Top.     August,  September,  and  October,  1879.    Vertical  Circle,  No.  80. 

Pratt,  observers;  George  Davidson,  chief  of  party. 


J.  J.  Gilbert  and  J.  F. 


Num- 
ber of 
days. 

Object  observed. 

19 

Mount  Lola 

18 

Mount  Como 

19 

Mount  Grant 

20 

Mount  Conness 

14 

Jackson  Butte* 

16 

Mount  Diablo 

7 

Mount  Helena 

18 

Pine  Hill 

9 

Marysville  Butte 

16 

Mocho 

Observed 

xenith 
distance. 


o     /         // 
90  36  00  "8 

90  38  13  -6 

90  16  45  7 
89  59  36  -4 

91  20  17  '6 

91  20  36 '6 

92  01  30*8 

91  30  34  •! 
91  19  05  -2 


Reduction 

to  level 

of  A- 

ff 
-0*2 

-23 

-fo-8 

--I7 


O'O 
O'O 

-rO-3 

O'O 
-{-0*2 


Reduction 
for 
eccen- 
tricity. 

// 


Reduction  ^. 


// 


4-0 '2  90  36  00 '8 

-f-o*3  90  38  II  -6 

-rO*i  90  16  46*6 

-o'l  89  59  34-6 

92  13  54  "8 

O'O  91  20  17*6 

o  'o  91.  20  36  '6 

-f  O  'I  92  01  31  '2 

o-o  91  30  34  I 

o  'o  91  19  05  "4 


T 

(Cen.) 

o 
12  "I 
12  7 


mm. 

524 
526 
526  12  7 


525 
526 

523 
521 

524 
522 

524 


12  '2 

9*1 
6-8 
4-6 
9*2 

5'i 
6-8 


Observations  between  6  hours  20  minutes  a.  m.  and  6  hours  30  minutes  p.  m. 

3.    COEFFICIENT   OF   REFRACTION. 

The  coefficient  of  refraction  was  computed  as  usual  by  the  formula — 

p  sin  i''  -    ,    - 
;;/  =  0-5  -  ^^  y-(Z,  +  C„  -  180°) 


2  s 


n    n 
and  its  weight  hy  p  —  — • — ^ 


Log  J. 


4  959  22 

4  782  38 

5  "024  71 
4-989  13 

4  -859  57 

5  '275  46 
5  -360  02 

4  '936  02 

5  '227  52 
5  '227  86 


^^  +  «„  IO'°' 


with  the  following  results: 


Stations.  ^^  . 

fft.  p. 

Mount  Helena  to  Mount  Lola  '076  13  'i 

Mount  Helena  to  Round  Top  "076  20  7 

Mount  Diablo  to  Mount  Lola  '070  18  'o 

Mount  Diablo  to  Round  Top  '070  19  'o 

Mount  Diablo  to  Mount  Conness  '066  4  '2 

Pine  Hill  to  Sacramento  "07 1  i  'o 

Pine  Hill  to  Monticello  070  3  "8 


Stations. 

Pine  Hill  to  Vaca 

Pine  Hill  to  Jackson  Butte 

Round  Top  to  Pine  Hill 
Mount  Lola  to  Pine  Hill 
Mount  Lola  to  Round  Top 
Round  Top  to  Jackson  Butte 


m. 

'072 
064 

062 

•057 
•058 

•057 


3-2 
o.  S 

6-5 
3  5 
5-8 

^  7 


They  are  divided  into  three  groups  according  as  they  are  derived  from  lines  extend- 
ing across  the  valley,  in  the  valley  or  up  the  slope  of  the  Sierra  Nevada.  As  noted  in 
the  preceding  discussion  of  heights,  these  results  show  a  continuation  of  the  decrease  in 
m  as. we  recede  from  the  Pacific  coast. 


4.    DIFFERENCES  OF   HEIGHT  AND  THEIR   ADJUSTMENT. 

The  formula  used  for  computing  differences  of  height  from  reciprocal  zenith 
distances  in  the  preceding  parts  of  this  paper  is  based  on  the  assumption  of  equal 
refractions  at  the  two  stations.     It  was  recognized  that  in  fact  this  is  not  the  case  even 


♦See  discussion  of  special  observations  for  diurnal  variation  of  refraction  pp.  280-296. 
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for  strictly  simultaneous  observations,  and  the  change  in  refraction  going  from  the 
Pacific  coast  inland  was  especially  noticeable.  It  was  evident,  however,  that  local  con- 
ditions had  a  powerful  effect  upon  the  refraction,  and  it  seemed  best,  as  usual,  to  trust 
to  the  adjustment  to  correct  for  the  assumption  of  equal  refractions  where  in  reality 
they  were  unequal.  The  same  plan  has  been  followed  here  exeept  for  the  three  lines 
Pine  Hill  to  Mount  Lola,  Pine  Hill  to  Round  Top,  and  Jackson  Butte  to  Round  Top, 
extending  from  the  valley  to  the  top  of  the  Sierra  Nevada.  These  lines  are  long  and 
the  effect  of  even  a  small  difference  of  refraction  is  quite  marked.  A  fair  estimate  of 
the  difference  may  be  obtained  by  comparing  the  values  of  m  between  stations  in  the 
valley  with  those  derived  from  lines  in  the  mountains.    For  these  three  lines  the  formula — 


A  A  =  //,  -  //„  =  \s  tan  %  (C,  -  C„)  + 


m.  —  tn 


■■■g  [.+^^+rr.+ 


\2fr 


] 


was  used,  adopting  for  (w^  —  w„)  the  value  —  o"oo5. 

The  relative  weight  was  computed  from  the  usual  expression  p  = 


nn. 


I       Zl 


lO 


lO 


n^  +  n^^       f 


Where  the  zenith  distance  was  obser\^ed  at  only  one  end  of  a  line,  the  difference  of 
height  was  computed  from  the  formula— 


Ah  —  sQo\,^-{- 


2p 


.  f  + i-^  col"  (e  + 


for  which  a  value  for  m  was 
lines  similarly  situated. 


From  reciprocal  zenith  distances: 

Stations. 

.\h. 

P- 

Mount  Lola  to  Mount  Helena 

I  519*64 

0-6 

Round  Top  to  Mount  Helena 

I  888-34 

0-8 

Mount  Lola  to  Mount  Diablo 

I  626*11 

0-8 

Round  Top  to  Mount  Diablo 

2  oii'37 

1*5 

Round  Top  to  Mocho 

I  931  00 

0-9 

Round  Top  to  Mount  Lola 

378-86 

8-4 

Pine  Hill  to  Sacramento 

617  -49 

21-8 

Monticello  to  Pine  Hill 

306-05 

3*2 

Vaca  to  Pine  Hill 

loi  79 

2-8 

Jackson  Butte  to  Pine  Hill 

76-63 

14-8 

Round  Top  to  Pine  Hill 

2  538  79 

II -8 

Round  Top  to  Jackson  Butte 

2  460-05 

13-4 

Mount  Lola  to  Pine  Hill 

2  159 '43 

4*1 

Mount  Conness  to  Mount  Diablo 

2  708-18 

0-2 

assumed,  depending  in  each  case  on  values  derived  from 


Resulting  differences  0/ height. 

From  one  zenith  distance: 
Stations. 
Mount  Helena  to  Pine  Hill 
Mount  Diablo  to  Pine  Hill 
Yolo  Base  N\V.  to  Pine  Hill 
Mount  Helena  to  Marysville  Butte 
Mount  Diablo  to  Marvsville  Butte 
Yolo  Base  NW.  to  Marysville  Butte 
Monticello  to  Marysville  Butte 
Vaca  to  Marysville  Butte 
Yolo  Base  SE.  to  Marysville  Butte 
Mount  Lola  to  Marysville  Butte 
Round  Top  to  Marysville  Butte 
Round  Top  to  Mount  Conness 
Mocho  to  Mount  Conness 


■,h. 

/. 

666-87 

07 

557  73 

05 

578-60 

3 '5 

681  -17 

2*4 

525  -02 

07 

598-73 

80 

285  -53 

4*3 

84-09 

2  -2 

617  -25 

2-6 

2  131  -91 

I  "4 

2  471  71 

o-S 

672  02 

5*3 

2  526-15 

0-5 
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As  already  stated,  the  long  lines  stretching  across  the  valley  give  too  discordant 
results  to  be  used,  and  the  heights  of  Mount  Lola  and  Round  Top  are  made  to  depend 
entirely  upon  the  intermediate  station,  Pine  Hill.  F6r  its  height  we  have  six  values, 
two  of  which  are  very  doubtful  and  are  therefore  rejected. 

Lh  h 


From  Sacramento 

m.           m. 

10-574-617 -49  = 

m. 

=  628  -06 

21  -8 

From  Monticello 

932  •394-306  -05 

626  -34 

3*2 

From  Vaca 

729754-10179 

627  -96 

2-8 

From  Mount  Helena 

I  322-08—666-87 

655  -21 

07 

From  Mount  Diablo 

I  173*10-55773 

615  37 

0-5 

From  Yolo  Base  NW. 

46  •66-1-578  -60 

625  *26 

3-5 

Weighted  mean 

627  -56 

The  station  at  Sacramento  is  the  top  of  the  circular  base  of  the  northeast  post  of 
the  gilded  iron  fence,  surrounding  the  statue  in  the  capitol  rotunda,  presented  to  the 
State  by  Mr.  D.  O.  Mills.  It  was  connected  by  spirit  levels  in  1898  with  a  Central  Pacific 
Railroad  bench  mark,  of  which  the  height  was  determined  by  the  railroad  engineers. 
The  heights  of  the  other  stations  are  taken  from  the  adjustment  of  heights  of  stations 
near  the  Coast  Range. 

For  the  determination  of  the  heights  of  Mount  Lola  and  Round  Top,  and  inci- 
dentally of  Jackson  Butte,  we  have  the  following  differences  of  height  and  obser\^ation 
equations  for  adjustment: 

Stations.   ^ 

Jackson  Butte  to  Pine  Hill 
Round  Top  to  Pine  Hill 
Round  Top  to  Jackson  Butte 
Round  Top  to  Mount  Lola 
Mount  Lola  to  Pine  Hill 

The  solution  of  the  normal  equations  from  these  obsen'ation  equations  gave  the 
following  results: 


m. 

76-63 

14-8 

Observation 
equations. 

o=— o-8i-l-;i't 

Adjusted 
AA. 
m. 
77-28 

Discrep- 
ancy. 
tn. ' 
0-65 

2  538  79 

II  -8 

o=  — I  •35— ^'a 

2  538  -04 

0-75 

2  460-05 

13-4 

o_-ro-o5-^;rx- 

-^2 

2  460-76 

071 

378-86 

8-4 

o=-fo-i4-|-jra- 

-^3 

378  -78 

008 

2  159*43 

4*1 

0— -^0*99— JTj 

2  159-26 

0-17 

Station. 

Assumed 
height. 

Correction. 

Adjusted 
height. 

fft. 

m.              Feet. 

Pine  Hill 

627  -6  or  2  059 

Jackson  Butte 

705 

;rx— — o*i6 

704-8        2  312 

Round  Top 

3  165 

;ra=-f  0  -60 

3  165  -6      10  386 

Mount  Lola 

2  786 

;r3=H-o  -82 

2  786*8       9  143 

The  height  of  Mount  Lola  from  the  railroad  levels  to  Truckee  (A  =  i  773*66 
metres)  and  Assistant  J.  J.  Gilbert's  levels  of  1898  from  Truckee  to  Mount  Lola 
(AA  =  I  013*87  metres)  is  2  787*5  metres. 
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For  the  height  of  Marysville  Butte  we  have  the  values — 


From  Mount  Helena 
Mount  Diablo 
Yolo  Base  Northwest 
Monticello 
Vaca 

Yolo  Base  Southeast 
Mount  Lola 
Round  Top 


m, 

68i  'l^  =  640  '91 

525  '02  =  648  '08 

598  73  =  645  '39 

285  '53  =  646  -86 
84  '09  =  645  '66 
21  '66-}-    617  -25  =  638  -91 

2  786  -8  —2  131  -91  =  654  '9  1        .      ^     '  ■ 

3  165  -6-2  471  71  =  693  '9  /  o  • 


I  322  -08— 

I  173*10- 
46-66-f 

932  '39- 
729  75- 


/=2-4 
07 
8-0 

4-3 

2  "2 

2-6 

I  "4 
8 


Weighted  mean 


644  "5  metres,  or  2  114  feet. 


G.  DETERMINATION  OF  HEIGHTS  OF  TRIGONOMETRIC  STATIONS 
IN  THE  ROCKY  MOUNTAINS  BETWEEN  PIKES  PEAK,  COLORADO, 
AND   ROUND   TOP,  SIERRA   NEVADA,  CALIFORNIA. 

I.    ABSTRACT   OF   REDUCED   ZENITH    DISTANCES. 

Mount  Lola.     July,  1879.     Vertical  Circle,  No.  80.     J.  F.  Pratt,  observer;  George  Davidson,  chief  of 

party. 


Num- 
ber of 
days. 

Object  obser\'ed. 

Observed 

zenith  dis- 
tance. 

Reduction 
to  level  of  A- 

Reduction 
for  eccen- 
tricity. 

Reduced  ^. 

/». 

T 

Log  J. 

0      /        // 

// 

// 

0      /         // 

mm. 

0 

ID 

Pah-Rah 

90  31   24 -8 

-03 

-  0-2 

90  31    24-3 

547 

12  -6 

4  -936  44 

12 

Mount  Como 

90   22   53   3 

—  I  'O 

-ho  "5 

90   22   52  '3 

546 

12-5 

4-951  80 

II 

Round  Top 

90  07    24-9 

-06 

-fo-6 

90  07    24  -9 

546 

12  '2 

4  959  22 

Observations  between  5  hours  20  minutes  and  9  hours  a.  m.,  and  between  3  hours  and  6  hours  25 

minutes  p.  m. 

Round  Top.     August,  September,  and  October,  1879.     Vertical  Circle,  No.  80.     J.  J.  Gilbert  and  J.  F. 

Pratt,  observers;  George  Davidson,  chief  of  party. 


19 

Mount  Lola 

0     /       // 
90  36  00*8 

— 0*2 

— 02 

0     /        // 
90  36  00 -8 

mm. 

524 

0 
12  -I 

4  '959  22 

18 

Mount  Como 

90  38  13  -6 

-2*3 

^03 

90  38  1 1  '6 

526 

12  7 

4  782  38 

19 

Mount  Grant 

90  16  45  7 

-{0-8 

--0-I 

90  16  46*6 

526 

12  7 

5-024  71 

20 

Mount  Conness 

.S9  59  36  4 

17 

-    O'l 

89  59  34  -6 

525 

12  '2 

4-989  14 

Observations  between  6  hours  20  minutes  a.  m.  and  6  hours  30  minutes  p.  m. 

Mount  Conness.     August  and  September,  1890.     Vertical  Circle,  No.  80.     J.  J.  Gilbert  and  I.  Winston, 

obser\'ers;  Gf^orge  Davidsion,  chief  of  party. 

o       /         //  //  //  o      /  // 


mm. 


7 
4 


Mount  Grant  90  34  04  -i       -h  189  'i  00      90  37  13  2     4  -9x0  91 

Mount  Diablo  9^  32  59  '2      +67-5        —12      91  34  05  5     5  -358  24 

Observations  between  11  hours  50  minutes  a,  m.  and  12  hours  50  minutes  p.  m. 


Coast  and  Geodetic  Survey^  ThansconUnental  IHanj^nlation 


No.  21 


DETERMINATION  OF  HEIGHTS  BETWEEN 

PIKES  PEAK,  COL.  AND  ROUND  TOP,  CAL. 


/h* 


Siy  Spring 
IhfrcsFirak  V^^^ 


1/  \   \  / 

Tr^ufyUtJc:'^\    /  I 

OunniMon 


'^A 


Uncoiftpahgr^ 


»/  /       / 


Jf^tntotJIeadeSr-* 


.^Ah.Mha, 


Mi  Lola  I       / 


A/e.C2>nn««» 


Siatuije  Mil*9 


100 


60 


vo 


200 
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Mount  Como,     August,  Septembar,  October,  and  November,  1879.     Vertical  Circle,  No.  100. 

beck  and  R.  A.  Marr,  observers;  W.  Eimbeck,  chief  of  party. 


Num- 
ber of 
days. 


15 

14 
II 

II 

II 

8 

5 


Object  observed. 


Round  Top 
Mount  Grant 
Carson  Sink 
Pah-Rah 
Mount-Lola 
Pilot  Cone 
Mount  Davidson 


Observed        t»,^„^j^«     Reduction 
rcnithdis-     tol^elof?     ^or  eccen-       Reduced  f. 
tance.        *°  ^^""^^  °^  ^  *      tridty . 


// 


// 


// 


// 


89  50  56  '3 

89  48  33  -I 

90  31  29-9 

90  29  57*1 
90  19  58  -5 
93  49  33*9 
90  42  18  '3 


P, 


tntn. 


T 


-17         +0-I       8950547       550     18 -I 
-fo  7        -f o  -2      89  48  34  -o      550     18  -3 


-ro'2 

+  2*5 
— O'l 

-3-8 
•2 


o-o  90  31  30-1  551  17-0 

-o-i  90  29  59*5  551  16-9 

-o-i  90  19  58-3  551  17-9 

o-o  90  49  30-1  552  187 

-0-4  90  42  177  '552  19-4 


W.  Eim- 


I.ogj. 


4  782  38 
4*889  88 

5  '092  36 
4  '933  67 
4-951  ?o 
4*953  ^2 
4  '554  C2 


Observations  between  1 1  hours  25  minutes  a.  m.  and  6  hours  10  minutes  p.  m. 


Pah^Rah,     October  and  November,  1878.     Vertical  Circle,  No.  100.     W.  Eimbeck,  observer  and  chief 

of  party. 


0     /       // 

// 

// 

0         /               // 

mm. 

0 

7 

Mount  Lola 

90  09  13-4 

-I  "5 

— O'l 

90  09  11-3 

566 

7  7 

4  -936  44 

8 

Mount  Como 

90  II  07  -6 

—2  'O 

o*o 

90  II  05-6 

566 

II  'I 

4*933  67 

9 

Carson  Sink 

90  19  57  -o 

19 

o*o 

90  19  55*1 

566 

8-8 

5  -036  73 

4 

Mount  Davidson 

90  20  21  -8 

-3*3 

CO 

90  20  18*5 

566 

4  7 

4*751  17 

Observations  between  9  hours  30  minutes  a.  m.  and  4  hours  6  minutes  p.  m. 


Mount  Grant,     October  and  November,  1879.    Vertical 

observers;  W.  Eimbeck, 


Circle,  No.  100.     W.  Eimbeck  and  R.  A.  Marr, 
chief  of  party. 


10 
12 
10 
II 
II 
II 
10 
6 

6 
6 


Round  Top 

Carson  Sink 

Mount  Como 

Lone  Mountain 

Mount  Conness 

Toiyabe  Dome 

Pilot  Cone 

White  Mountains,  north  89  55  59*3 
peak. 

Desatoiya  90  39  38  -3 

Volcano  Peak  90  46  22  '2 


o        /  // 

9033  49*1 
90  49  40*8 

90  48  35  '4 

90  47  54  '4 
90  02  23  '5 

90  25  52  -6 

91  40  20  3 


// 


-4*5 
— o'9 

-fo*i 

-1*3 
-40 

-0*3 
-5-8 

-3*6 


// 

O'O 
—O'l 

O  "O 
-fO'I 
-{-0"2 

O'O 

4-0-5 


o        /  // 

^  33  44  -6 
90  49  39  '8 

90  48  35  '5 

90  47  53  '2 
90  02  19-7 

90  25  52  -3 

91  40  15-0 
89  55  56  -o 


-o  '4         — o  -I       90  39  37  -8 
—5*5         — o"i       90  46  16 -6 
Observations  between  noon  and  2  hours  p.  m. 


509  7-4  5  024  71 

509  4-9  5  '087  38 

509  7  '4  4  -889  88 

509  5*0  5*109:3 

510  4-5  4-91091 

510  3 '8  5-108  78 

510  4-6  4-745  91 
5"  4  7  4*952  75 

511  1-3  5-099  20 
510  4-3  4-76700 


Carson  Sink.     July,  1880.     Vertical  Circle,  No.  100.     W.  Eimbeck  and  R.  A.  Marr,  observers;  W.  Eim- 


14 
II 

10 

II 

10 

12 

13 
5 
5 

I 
6 


Pah-Rah  90 

Mount  Como  90 

.Mount  Grant  90 

Toiyabe  Dome  89 

Mount  Callahan  93 

Pilot  Cone  90 

Desatoiya  89 

Fair  View  90 

Indian  Peak  or  Star 

Peak  90 

Mount  Lincoln  90 

Augusta  Peak  •       89 


beck,  chief  of  party. 

f      /f                //  //  o     /      //  mm       ° 

3109-8  +1*4  -^o-i  9031  11-3  555  20-5 

27  41-4  -f  o  -5  -fo  -I  90  27  42  'o  556  20  o 

08  23  '8  +  o  '9  -f-o  '2  90  08  24  -9  555  21  -2 

59  25  *o  -}-  o  '5  o  'o  89  59  25  '5  556  20  -2 

13  22*0  —  o'7  — o'l  90  13  21-2  556  20 '8 

50  04  '4  —  3  -o  — o  -I  90  50  01  -3  555  20  -o 

45  05*4  +  6'i  —O'l  89  45  II -4  556  20 -6 

22  20-5  —  5 'I  0-0  90  22  15-4  555  21-2 


Observations  between 


14  35  '5 
52  39  *8 
21  44-4 

1 1  hours  45 


—  2  -o        — o  -2      90  14  33  '3      556     19  -8 
-46-8  -5-4      905147*6      555     22-8 

-  75        — o*5      89  21  36-4      556     19-9 
minutes  a.  m.  and  2  hours  40  minutes  p.  m. 


5  '036  73 
5  -092  36 

5  -087  38 
5  "052  72 

5  '045  90 
4-834  22 

4  *677  53 
4-606  19 

5  -018  92 

3  '645  96 
4-440  44 
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Mount  Callahan.     July  and  August,    1881.     Vertical  Circle,   No.   100.     R.  A.  Marr,  observer;    W, 

Eimbeck,  chief  of  party. 


Num- 

Observed 

Reduction 
to  level  of  A. 

Reduction 

7* 

ber  of 
days. 

Object  observed. 

zenith  dis- 
tance. 

for  eccen 
tricity. 

-    Reduced  <. 

P. 

M 

Log  J. 

0      /       // 

// 

ff 

0       /       // 

mm. 

0 

14 

Diamond  Peak 

90  19  08 -2 

4-0-9 

o'O 

90  19  09*1 

521 

16 -5 

4-991   90 

14 

Carson  Sink 

90  40  05  -1 

-l-I  'O 

O'O 

90  40  06  *! 

522 

17-6 

5  '045  90 

12 

Toiyabe  Dome 

90  09   15  -2 

-f-I  '2 

-fo-3 

90  09   16  7 

522 

16-9 

5  'oiA  25 

n 

Bunker  Hill 

89  47  41  -6 

5-0 

+0-5 

89  47  37  -I 

521 

16 -o 

4-723  28 

lO 

Desatoiya 

90  22  II 'I 

-3*3 

4-o*i 

90  22  07  '9 

522 

17-1 

4-899  26 

10 

Sharp  Peak 

90  22  10 '3 

3*o 

+0'I 

90  22  07  '4 

521 

16*9 

4  -938  46 

8 

Monitor 

90  18  16  7 

-fo-8 

-fO-2 

90  18  17  7 

522 

15-9 

5*015  24 

3 

Shoshone,  north  peak 

90  17  o6'o 

-3*4 

4-o'2 

90  17  02  -8 

519 

13 '3 

4-886  42 

2 

Mount  I^ewis 

90  25  54  -4 

3*4 

— o*i 

90  25  50*9 

526 

17-4 

4*888  95 

4 

Broken  Back 

90  08  35  -I 

-4  7 

-1-0-2 

90  08  30*6 

520 

177 

4  747  82 

I 

Granite  Peak 

90  26  36*6 

— 2*9 

— O'l 

90  26  33  -6 

523 

19-8 

4  -948  73 

- 

Observations  mostly  btween  11  hours  45  minutes  a.  m,  and  i  hour  15 

minutes  p.  m. 

Toiyabe  Dome.     August  and  September,  1880.     Vertical  Circle,  No.  100. 

observers;  W.  Eimbeck,  chief  of  party. 


R.  A.  Marr  and  W.  Eimbeck, 


17 

» 

13 

15 

13 

15 

14 

14 

5 

5 
II 

14 
12 

12 

13 

3 

2 


Mount  Grant 

Mount  Callahan 

Pilot  Cone 

Carson  Sink 

Diamond  Peak 

Lone  Mountain 

White  Pine 

Mount  Jefferson 

Fairview 

Bunker  Hill 

Sharp  Peak 

White  Mountains,  north 

peak 
Desatoiya 
Monitor 

Shoshone,  north  summit  90  50  25  -4 
Shoshone,  south  peak      91  05  57  o 


o         /  // 

90  34  54  '3 

90  41  05  -4 

91  19  38-1 

90  54  54  "o 
90  45  27  -2 

90  52  45  '2 
90  43  56  -8 

90  08  07  -5 

91  04  147 
90  18  30*8 

90  41  38-3 


90  21  21  -5 
90  44  06  *4 
90  30  14  -8 


// 

-  0-2 

-  0-6 

-  3-6 

-  o'3 

O  'O 

—  0-2 

-  0-8 

-9*3 

-4*2 

-  6-8 

-  3"4 

-  24 
-0-4 
-5*2 
-9*3 

—  II  -2 


// 
-f-O-2 
-+-0-2 

-o'5 
-fo'i 

O'O 

-o-i 

-0-5 

-0-6 
-fo-3 

— O'l 

-0-4 

-o'3 

—O'l 
—  2  -I 

-4'i 


90  34 

90  41 

91  19 

90  54 
90  45 
90  52 

90  43 

90  07 

91  04 
90  18 
90  41 

90  21 
90  44 
90  30 

90  50 

91  05 


// 

54*3 
05-0 

34  "o 
53-8 
27  2 

45*1 

55*5 

57  7 
09-9 

24*3 
.34-8 

18-7 

057 

09 '5 
14-0 

417 


mm. 
492 
491 
492 

492 

493 

494 

493 
490 

495 
493 
493 

493 
493 
493 
493 
494 


9*4 
c-6 

9-6 

10 -o 

II -8 

12-5 

10 -o 

II  -2 

137 
10-9 

II -4 

10-3 

11*5 
9-8 

137 
12-7 


5  -108  78 

5  'OH  25 
4-980  34 

5-052  72 

5*191  91 
4  '957  CO 
5*233  18 
4*570  31 
4-912  71 

4  '704  31 
5-006  95 

5-149  18 

4  -837  38 
4-820  66 

4  *567  63 
4  -486  89 


Observations  between  11  hours  30  minutes  a.  m.  and  2  hours  15  minutes  p.  m. 


Lone  Mountain.    October  and  November,  1880.    Vertical  Circle,  No.  100. 

observers;  W.  Eimbeck,  chief  of  party. 


W.  Eimbeck  and  R.  A.  Marr, 


/f 


15 
12 

12 

13 
12 

8 

8 
6 


Mount  Grant 
Toiyabe  Dome 
White  Pine 
Monitor 


90  12  15-4 

89  50  13  'o 

90    28    20 -2 

90  II  41*5 


White  Mountains,  south 

peak  89  II  21  '7 

White  Mountains,  north 

peak  89  20  46-5 

Lion  Saddle  90  22  09  -9 

Montezuma  90  29  12  -5 


// 
4-0-4 

-}-i  -I 
—0*2 

-r0  7 
-3*3 


// 


-0-3 

-0-5 
+0:5 

4-0-5 


90  12 

89  50 

90  28 
90  II 


// 

15*5 
14-6 

20-5 

427 


m-m. 

547 
548 
548 
547 


o 
2  -O 

17 

2-4 

2  -I 


5  *I09  33 

4  -957  00 

5  *249  53 
5*073  19 


-1-5      89  II   16-9      547      3*9      4-901  96 


—3 '4  —1*3  89  20  41 -8  546 
—2  -7  H-o  -4  90  22  07  6  548 
—6-9    -ho  -I   90  29  05  -7   546 

Observations  between  11  hours  45  minutes  a.  m.  and  2  hours  15  minutes  p. 


5*3 

17 
2  -I 

m. 


4*895  27 
4  *993  38 
4  "584  29 


TRANSCONTINENTAL  TRIANGULATION — PART  II — HEIGHTS. 


315 


Diamond  Peak.     August  and  September,  188 1.     Vertical  Circle,  No.  100.     W.  EimbeckandR.  A.Marr, 

observers;  W.  Bimbeck,  chief  of  party. 


Num- 

Obser\'ed 

n  .j.._a:^_ 

Reduction 

T 

M 

ber  of 
days. 

Object  observed. 

zenith  dis-     ♦/^,:."ili''"f' A 
tancc.         to  level  of  A. 

for  eccen- 
tricity. 

Reduced  ^. 

P. 

Log  J. 

0      /       // 

f/ 

// 

0      /        // 

mtn . 

0 

14 

WTiite  Pine 

90  29  24  '5 

4-6-1 

4-0 -5 

90  29  31    I 

518 

10-9 

5*155  81 

14 

Wheeler  Peak 

90  17  22  -8 

4-  6-1 

-^0-4 

90   17   29  3 

520 

136 

5  -163  98 

13 

Mount  Callahan     . 

90  28  00  "9 

+10-5 

~OI 

90  28   11-3 

521 

137 

4-991  90 

13 

Ibepah 

90  30  05  -4 

4-  5*1 

O-Q 

90  30   10  -5 

519 

136 

5  -217  67 

ID 

Toiyabe  Dome 

90  29  47  -5 

4-  6-2 

4-0 -2 

90  29  53  -9 

517 

9-8 

5*194  91 

II 

Sharp  Peak 

90  23  19  -9 

■^  9*5 

4-0 -2 

90  23  29*6 

516 

10-2 

4  -787  53 

12 

Monitor 

90  23  31  "9 

4-8-6 

4-0 '3 

90  23  40-8 

521 

13-5 

5  *033  68 

3 

Prospect  Peak 

90  55  21  -2 

4-27  -I 

1*5 

90  55  46  -8 

519 

8-9 

4  '334  28 

5 

Mount  Hamilton 

90  07  48  '6 

4-12-8 

4-0-5 

90  08  01  '9 

518 

II  -2 

4-661  31 

6 

Duckwater 

90  28  15  7 

-  7-1 

4-0 -3 

90  28  23  -I 

516 

9  7 

4  -915  48 

5 

Broken  Back 

90  16  54  '3 

4-  97 

4-0 -I 

90  17  04-1 

517 

II  -I 

4  777  99 

6 

Ward 

90  18  56  "I 

4-6-2 

4-0 -3 

90  19  02  -6 

519 

10-8 

4  -974  44 

Obser\ 

ations  mostly  between 

1 1  hours  50  minutes  a.  m. 

and  2  hours  p.  m. ;  a 

few  between  4  hours  15 

minutes  and 

5  hours  30 

minutes  p.  m. 

While 

Pine.     Noveml>er  and  December,  18S1. 

Vertical  Circle,  No.  100.     W.  Eimbeck  and  R 

.  A.  Marr, 

obser\'ers;  W 

.  Eimbeck, 

chief  of  party. 

0     /      // 

// 

// 

0     /      // 

mm. 

0 

n 

Lone  Mountain 

90  53  52  '3 

-1*5 

—01 

90  53  53  7 

504 

--0-4 

5  -249  53 

13 

Pioche 

90  50  35  6 

-hi -6 

O'O 

90  50  37  -2 

505 

4-0 -2 

5*121  78 

II 

Diamond  Peak 

90  3^  21  -8 

4-1-9 

4-0 -I 

90  38  23  -8 

505 

--I  -I 

5*155  81 

II 

\lTieeler  Peak 

90  15  167 

-ri-3 

-ro-2 

90  15  18  -2 

505 

-r0  7 

5  -104  32 

10 

Toiyabe  Dome 

90  36  50  '8 

-o-S 

O-Q 

90  36  50  -o 

505 

— o-i 

5*233  18 

II 

Duckwater 

90  12  02  '6 

—2  -Q 

^0-2 

90  12  00 -8 

504 

O'O 

4-818  80 

II 

Lion  Saddle 

90  46  27  -6 

1-6 

O'O 

90  46  26  -o 

504 

0-3 

4  '906  -50 

II 

Monitor 

90  29  46  "4 

-f  I  -9 

0*0 

90  29  48  -3 

505 

4-0-1 

5-041  26 

II 

Ward 

90  27  16 -6 

-I '3 

4-0*1 

90  27  15  -4 

504 

o*5 

5*ooi  54 

II 

Sharp  Peak 

90  37  30  '4 

—  I  -2 

-^o-i 

90  37  29  3 

504 

0-6 

5*051  53 

5 

Mount  Hamilton 

90  29  27  '3 

-1*3 

-TO -I 

90   29    26  •! 

504 

—  I  -I 

5*006  15 

3 

Snow  Peak  or  Indian 

Peak 

90  44  23  -6 

0-9 

O'O 

90  44  22  7 

507 

-3 '3 

5  *I53  55 

3 

Mount  Grafton 

90  22  20*0 

17 

4-0  T 

90   22    18*4 

5CO 

-1-9 

4*892  68 

3 

Hot  Creek,  north 

summit 

90  32  oS-8 

17 

O'O 

90  32   07  -I 

500 

2-3 

4  *884  38 

Obsen^ations  between  11  hours  5  minutes  a.  m.  and 

I  hour  50  minutes  p 

>.  m. 

3^5 
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Whcelvr  Peak,      November,   1882.     Vertical   Circle,  No.  100.     R.  A.  Marr,  observer;  W.  Eimbeck, 


Num- 
ber of 
days. 


10 

9 

9 
8 

6 

3 
8 

7 
6 

6 


6 
4 


Object  observed. 

Diamond  Peak 

Pioche 

Ibepah 

White  Pine 

Beaver  * 

Mount  Nebo 

Ward 

Mount  Moriah 

Mount  Grafton 

Snow  Peak  or  Indian 

Peak 
Sawtooth  Mountain 
Shell  Creek  North 

Observations 


chief  of  party. 

Observed        i»-.^,,^i„«  Reduction 

zenith  di»-     toieveuJfA  'o^-^c^"- 

f a«r^          ^^  1^^**  **'  A.  tricity. 

//  // 

+  5*6  —0-5 

-f-  7  'o  o  'O 

-f  6-9  -fo-3 

-f  65  -05 

4-4*6  -fo-8 

-f  3'3  -+-0-9 

+  8-6  +1  -3 

-ri3'9  -o'8 

+  9"4  +1-5 


tance. 

o      /       // 

90  51   26-9 

91  05  58  -6 
90  33  24  I 

90  44  05  "3 

90  47  08  '5 

91  01  007 

90  53    24  -2 

90  38  45  '5 
90  54  54  '6 


Reduced  i. 


90  51 

91  06 

90  33 
90  44 

90  47 

91  01 

90  53 
9038 

90  55 


// 
32  o 

05-6 

31*3 
II  -3 

13 '9 
04-9 

34*1 
58-6 

05-5 


P. 

mm, 

469 

469 
469 
469 
470 
470 
469 

469 
469 


90  59  19*3        +53        -o'2      90  59  24*4      468 

91  03  o6*o        +5*8         — o'8      91  03  I  I'D      469 
90  35  16-9        +87        -f-oi       90  35  257      468 

between  11  hours  a.  m.  and  4  hours  15  minutes  p.  m. 


T 

o 

-5  "8 
-6-2 

-5-6 

-5*4 
-6-6 

-5-4 
5-6 
5-6 

-5*9 

-5  2 

-5-6 
-6-5 


Log  J. 

5  '163  98 
5  '054  23 
4*997  80 
5  •104  32 
5  '245  32 
5  '376  16 
4*732  72 
4  '524  01 
4*694  35 

4  '946  72 
4-904  24 
4  -728  36 


Pioche,    September,  1S83.    Vertical  Circle,  No.  100.    G.  F.  Bird,  observer;  W.  Eimbeck,  chief  of  party. 


0      /       // 

// 

// 

0      /      // 

mm. 

0 

10 1 

White  Pine 

90  II  50*6 

4-2*5 

-j-O'I 

90  ir  53*2 

555 

19*0 

5*121  78 

10 

Wheeler  Peak 

89  47  42  7 

+3*2 

-fo-8 

89  47  46  7 

555 

20-2 

5  '054  23 

10 

Tushar 

90  13  05  '4 

-hi  -2 

-fO'2 

90  13  06 -8 

555 

20 -I 

5  -180  22 

10 

Snow  Peak  or  Indian 

• 

Peak 

89  38  08  7 

—  I  "O 

+  i'5 

89  38  09  -2 

555 

18-7 

4*541  79 

10 

Highland  or  Meadow 

Valley 

89  59  07  -o 

-07 

— 0*2 

89  59  06  -I 

554 

18-7 

4  -675  93 

10 

Mount  Grafton 

90  00   24  -2 

-0-4 

-ho'5 

90  00  24  '3 

555 

18 -8 

4  '995  36 

9 

White  Rock 

90  02  43  '5 

—  I  '2 

-fo-3 

90  02  42  -6 

555 

19*4 

4*475  28 

2 

Pioche  Peak 

90  49  33  '8 

0-9 

-ho -3 

90  49  33  *2 

555 

21  'I 

4  *582  89 

Observations 

between  1 1  hours  35 

minutes  a. 

m.  and 

I  hour  20  minutes  p.  m. 

*  Beaver  was  not  occupied  for  vertical  measures,  but  it  may  be  regarded  as  an  eccentric  station  to  Tushar  and  the 
above  zenith  distance  corrected  accordingly.  The  difference  of  height  of  Beaver  and  Tushar  was  computed  from  the 
observed  zenith  distance  at  Tushar  and  an  assumed  coefficient  of  refraction  (0055),  and  Tushar  was  found  to  be  18*36 
metres  higher  than  Beaver.  From  the  triangulation  we  have  Wheeler  Peak  i  029  metres  nearer  to  Beaver  than  to 
Tushar.    The  zenith  distance  at  Wheeler  Peak  of  Beaver  was  first  corrected  for  the  above  difference  in  height  in  the 

usual  manner,  and  then  for  the  difference  in  distance  by  the  expression  7 ^^[^^/^  in  which  rf  is  the  difference  in  distance; 

i  is  the  zenith  distance  at  Tushar  of  Wheeler  Peak,  and  5  is  the  distance  from  Wheeler  Peak  to  Beaver.    The  resulting 
zenith  distance  of  Tushar  is— 


fi 


It 


tf 


Tushar 


90      47      13  "9 


-21-5 


+  13 'o 


90      47      05  -4 


mm. 

470 


-6-6 


5  247  85 
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lushar. 


Num- 
ber of 
days. 


August  and  September,  1885.     Vertical  Circle,  No.  100. 

chief  of  party. 

Obaerved        „  .^„^;««    Reduction 
Object  observed.  aenith  dis-    *il!SSf!J?A    for  eccen- 

tance.         to  level  ol  A-     tricity. 


G.  F.  Bird,  observer;  W.  Eimbeck, 


Reduced  (,  P. 


10 
II 
10 
6 
10 
II 

14 

13 
12 

13 

13 

13 
12 

13 
10 

ID 

12 


Pioche 

Mount  Ellen 

Wheeler  Peak 

Ibepah 

Mount  Nebo 

Beaver 

Antelope  Mountain 

Scipio 

Wasatch 

Sevier 

Frisco 

Lone  Tree 

Mount  Hilgard 

Mooseneah 

Sanpete 

Delano 

Milford 


o         /         // 

90  59  32  7 

90  39   20 '2 

90  36  55  •! 
90  49  08  "3 
90  41  10 '9 
90  21  04*0 

90  51  15  '3 
90  49  27  -4 

90  36  37  "8 
90  50  24  o 
90  52  07  "2 
90  48  II  '8 
90  25  14  -8 

90  36  07  '2 
90  41  07  'O 

89  55  23  -8 

90  24  13  -8 


2 '2 

2-4 

2*2 
I  '2 
2'0 


+ 

+  1685 
—      O'l 


+ 


17 

3 '4 
02 

0*2 
0-3 
0'2 
0*2 

27 

75 '2 

0-5 


// 

O'O 
O'O 

-fo'i 

-fO'I 
-fO*2 

-h3'9 

-(-O'l 

-fo'i 

—  O'l 
O'O 

o*o 

— O'l 

O'O 

-fO'I 

-fo*i 
-0-5 

0*0 


Observations  between  1 1  hours  a.  m.  and  2  hours  p.  m. ,  except  a 

at  about  4  hours  p.  ni. 


90  59 
90  39 
90  36 
90  49 
90  41 
90  23 

90  51 
90  49 

90  36 
90  50 

90  52 
90  48 

90  25 
90  36 
90  41 
8956 
90  24 

few  on 


''  fnm. 

34  '9  492 

22  '6  491 

57  '4  492 

09-6  494 

13  •!  493 
56  -4  492 

15  '3  494 

29  '2  492 

41  '3  491 

23  -8  492 

07  'o  492 

1 1 '4  492 

14  '6  492 
07  'I  492 
09  -8  493 

38  '5  492 

13  '3  492 
Ibepah  and 


o 

87 

8-4 

9*3 
II -6 

10  "I 

9*5 

9  7 
9*2 

9*4 
9-1 

9*4 

9 '4 
8-8 

8-9 
9-6 

9*5 
10  "3 
one  on 


I/)g  J. 


5  -180  22 

5  "157  43 
5  "247  85 
5  '308  77 
5  "215  52 

3  433  04 
5 ''24  10 

5  "039  46 
5  '055  35 
5  '072  47 

4  887  56 
4  '832  79 
4 -861  57 

4  "999  17 

5  '138  09 

3  "820  70 

4  549  36 
Wheeler 


Scipio. 


12* 

13* 
14* 

9* 
10* 

2 

12* 

10* 

7* 
10 

II 

10 

10* 

8 

7 
6 

7* 
8 

3t 
3t 
2t 
3t 


September,  1884.     Vertical  Circle,  No.  100,  and  Theodolite,  No. 

Bird,  observers;  W.  Eimbeck,  chief  of  party 

O       /  //  //  //  o       / 

90  03  12  '9        -f  I  -o 
89  36  27  9        +3  '9 


5.     W.  Eimbeck  and  G.  F. 


Tushar 

Mount  Nebo 

W^asatch 

Ibepah 

Deseret 

Wheeler  Peak 

Sanpete 

Salt  Creek 

Lone  Tree 

South  Juab  Base 

Levan 

Cedar  Hill 

Sevier 

Antelope  Mountain 

Mitford 

Frisco 

Lone  Peak 

Mooseneah 

Beaver 

Mount  Hilgard 

Herriman 

Spring\'ille  Peak 


89  56  33  'o 

90  20  49  'O 

90  18  31  '2 

90  25  39  -4 

89  55  45  o 

90  06  13  '6 
90  02  36  -5 

92  47  55  "9 

90  47  33  '4 

91  42  34  '4 
90  26  15  5 
90  23  13  -6 

90  30  58:9 
90  32  32  7 

90  19  13  o 

89  56  24  o 

90  04  4S  -8 
90  or  42  7 
90  19  32  '3 
90  13  26-3 


-r  3-6 

-  07 

-  o*9 

-  0-6 

-f  67 

—  2  "2 

2-4 

+30-6 

H-ii  'o 

1  13  3 
1  o 

—  1  •! 
-0-9 

-  0-8 

-  0-8 

-  1-6 

-  3 '3 
-4-0 

-3*3 
-34 


-o'3 

-fO*2 
-0-5 

-fo-3 
+0-4 

-f-O'2 

-0-4 

O'O 

-o'4 
-f-o-5 

--0'2 
-O'l 
-}-OI 

to'3 

O'l 

O'O 

fO'2 

-o'6 
00 

O'O 
O'O 
O  'O 


90  03 

8936 
8956 

90  20 

90  18 
90  25 

8955 

90  06 
90  02 

92  48 

90  47 

91  42 
90  26 
90  23 
90  30 
90  32 
90  19 

8956 
90  04 
90  01 
90  19 

90  13 


Observations  between  10  hours  30  minutes  a.  m.  and  4 


// 

13-6 

32  o 

36-1 
48-6 

307 

39  o 

51*3 
II '4 

33  7 
27  'o 

44 '2 
47 '6 
14 '6 
12 '8 

57*9 

31*9 
12  '4 

21-8 

45*5 

387 
29  'O 

22  '9 

ho'jrs 


tntn. 

537 
536 
536 
537 
537 
536 
537 
536 
537 
536 
536 

537 
537 
537 
538 
538 
538 
537 
536 
536 
536 
536 
p.  m. 


o 

2  '4  5  '039  46 

I  '9  4  777  36 

I  '8  4*857  12 

1  '5  5  '189  81 
r  '8  5  '092  58 
9  '8  5  '273  06 
2 '5  4 '840  14 

2-3  4  '699  44 

2  '3  4  '649  80 

2-3  4-471  73 

I  "8  4  -565  72 

2-3  4  '534  76 

0  '8  5  '030  92 

1  'I  4*980  II 
I  '9  5  -092  58 
o*9  5*12937 
2 '2  5 '1 19  63 
2 'I  4 '827  52 
I  '8  5  '048  23 

I  '8  4  '973,  97 

9  '8  5  '059  56 

11-2  5  '040  37 


*  Including  observations  of  micrometric  diflferences  of  heights. 


t  By  micrometric  differences  only. 
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Ibepah.    Angnst  and  September,  1889.    Vertical  Circle,  No.  100     P.  A.  Welker,  observer;  W.  Eimbeck, 

chief  of  party. 


Num- 

Observed 

Rednctkm 

to  level  of  A- 

Reduction 

r 

ic.) 

ber  of 
days^ 

Object  observed. 

zenith  dis- 
tance. 

for  eccen- 
tricity- 

Reduced  C 

P. 

Log  J. 

« 

0     /       // 

// 

// 

or// 

tnfft. 

0 

13 

Wheeler  Peak 

90  13  47  -8 

-f  4*o 

—   0'2 

90  13  51  '6 

494 

13-6 

4*997  80 

13 

Deseret 

90  39  44  '9 

-j-    2-2 

+  o-i 

90  39  47  -2 

495 

12  "O 

5 '1 16  02 

14 

Pilot  Peak 

90  42  48  -5 

+  1-4 

O'O 

90  42  49  '9 

495 

10 '4 

5"X«4  32 

9 

Tushar 

90  48  44  '5 

-f  1-3 

O'O 

90  48  45  '8 

494 

II  'I 

5  "308  77 

5 

Ogden  Peak 

91  06  38  'I 

-f  17 

-h    O'l 

91  06  39  '9 

494 

12 '4 

5*362  23 

9 

Mount  Nebo 

90  45  19  '5 

-h  1-6 

-f   0-2 

90  45  21  '3 

495 

12  'O 

5  -265  70 

II 

Diamond  Peak 

90  48  59  -o 

-f  i*o 

—    O'l 

90  48  59  '9 

494 

7-6 

5  '217  67 

5 

Mount  Moriah 

90  16  287 

O'O 

—   O'l 

90  16  28 '6 

493 

14 '6 

4-820  36 

5 

Antelope  Mountain 

90  52   40  -2 

O'O 

O'O 

90  52  40  '2 

494 

14-3 

4-852  74 

5 

Sawtooth  Mountain  or 

Sevier 

90  50  15  '4 

o*o 

O'O 

90  50  15  '4 

494 

14*4 

4*943  55 

5 

Shell  Creek  Mountain, 

South 

90  23  14  '9 

O'O 

—   O'l 

90  23  14  -8 

494 

13  "8 

4*902  98 

3  . 

Ibepah  post-office 

94  39  55  '9 

-i-31'4 

-  1*5 

94  40  25  -8 

496 

15-3 

4 '418  21 

3 

Desert  Peak 

91  II  45*2 

00 

O'O 

91  II  45 -2 

493 

II '7 

5  *I98  28 

3 

Red  Chief 

92  32  23  5 

0-8 

4-20 'I 

92  32  42  -8 

494 

147 

3  '536  23 

16 

Azimuth  Mark 

90  32  50  0 

+  143  "I 

4*9 

90  35  08  '2 

•  •  ■  * 

•   •  •  • 

3  -487  65 

Observations  between  11  hotu-s  30  minutes  a.  m.  and  i  hour  p.  m.,  and  between  4  hours  30  minutes 

and  6  hours  20  minutes  p.  m. 

Pilot  Peak.    July,   1889.     Vertical  Circle,  No.   100.     W.  Eimbeck  and  C.  L.  Bracket!,  observers;  W. 
Eimbeck,  chief  of  party.     August,   1892.     Vertical  Circle,  No.  44.     O.   B.  French,  observer;  W. 


Eimbeck,  chief  of  party.     August,  1897. 
Welker,  chief  of  party. 


Vertical  Circle,  No.  28.     H.  C.  Denson,  obser\'er;  P.  A. 


0     /        // 

// 

// 

0     /         // 

mm. 

0 

10 

Azimuth  Mark, 

1889 

92  20  09  '4 

+90 -8 

-f 

"•3 

92  21  51  '5 

3  364  18 

12 

Ibepah, 

1889 

90  21  16  9 

-f    1-2 

-f 

O-I 

90   21    iS -2 

519 

177 

13 

Ibepah, 

1892 

90  21  14*4 

0-5 

-i- 
1 

O'l 

90   21    14 -O 

520 

17-8 

25 

Ibepah,  mean 

90    21    16  -0 

5  '124  32 

18 

Deseret, 

1889 

90  30  35  0 

4-2-2 

O-I 

90  30  37  '3 

520 

18 -I 

13 

Deseret, 

1892 

90  30  28  -6 

05 

O'l 

90  30  28-2 

520 

8-2 

31 

Deseret,  mean 

90  30  33  '5 

5  -138  36 

7 

Mount  Nebo, 

1889 

90  52  02  '7 

--    I  -o 

O-I 

90  52  03  -8 

520 

18  9 

5  -376  16 

6 

Ogden  Peak, 

1889 

90  51  00 'O 

-f  1*5 

O-I 

90  51  01  -6 

519 

18 '9 

13 

Ogden  Peak, 

1892 

90  50  44  '5 

-   I '8 

G  -0 

90  50  46  -3 

520 

17 '8 

6 

Ogden  Peak, 

1897 

90  50  40  '4 

-h  0-6 

Q-O 

90  50  41  'o 

520 

17  -6 

25 

Ogden  Peak,  mean 

90  50  48  '7 

5  -268  25 

8 

Wheeler  Peak, 

1889 

90  44  01  "8 

-i-  I  2 

r 

T 

O-I 

90  44  03  -I 

530 

18 'I 

•  5  -355  83 

4 

TecomaR.R.sign 

1889 

93  14  12 -I 

-ri8-6 

T 

1*4 

93  H  32  -I 

521 

19-8 

2 

TecomaR.R.sign 

1892 

93  13  47  -I 

+  197 

1 

1-8 

93  14  08  -6 

520 

17*3 

6 

Tecoma  R.  R.  sign : 

mean 

93  M  24  3 

4*521  31 

3 

Desert  Peak, 

1889 

91  17  27  '8 

17 

O'l 

91  17  26-0 

521 

20 '2 

4*794  68 

13 

Promontory, 

1892 

91  04  15  '7 

-f  1*9 

O'O 

91  04  17  -6 

520 

18 -I 

5  '153  74 

12 

Antelope, 

1892 

91  04  54  '3 

-f  1-6 

0  -0 

91  04  55  '9 

519 

16 '2 

5  *I95  24 

Obser\'ations  in  1889  between  noon  and  2  hours  p.  m.  and  between  4  hours  45  minutes  and  6  hours 
45  minutes  p.  m.;  in  1892  between  11  hours  40  minutes  a.  m.  and  i  hour  and  20  minutes  p.  m., 
and  between  4  hours  40  minutes  and  6  hours  25  minutes  p.  m. ;  in  1S97  about  noon. 
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Deseret.     September,  1887.     Vertical  Circle,  No.  100.     J.  H.  Turner,  observer;  \V.  Eimbeck,  chief  of 


party.     September,  1892. 
of  party. 


Vertical  Circle,  No.  44.     O.  B.  French,  observer;  W.  Bnnbeck,  chief 


Num- 
ber of 
days. 

Object  observed. 

Observed 
zenith  dis-     . 
tance. 

Reduction 
:o  levd  of  A- 

Redaction 

for  eccen- 
tricity. 

Reduced  <. 

P. 

T 

Log  J. 

14 

Pilot  Peak, 

1887 

0     /        // 
90  35  04  -8 

^o-3 

—  o*i 

0      /        // 
90  35  05  'O 

tnm. 

510     J 

0 
[I '7 

8 

Pilot  Peak, 

1892 

90  35  22  -I 

-  1*3 

—  O'l 

90  35  20  "7 

514     1 

t3'5 

22 

Pilot  Peak,  mean 

90  35  10  7 

5  -138  36 

14 

Ogden  Peak, 

1887 

90  39  25  7 

+  o'5 

O'O 

90  39  26  '2 

510     ] 

[2  'I 

15 

Ogden  Peak, 

1892 

90  39  30  '9 

+  2^0 

o*o 

90  39  32  9 

514     ^ 

13 '1 

29 

Ogden  Peak,  mean 

■ 

90  39  29  '7 

5  '014  73 

15 

Ibepah, 

1887 

90  22  33  -6 

-f   0*2 

O'O 

90  22  33  -8 

512     ] 

n*3 

9 

Ibepah, 

1892 

90  22  55  -8 

-  1-4 

00 

90  22  54  '4 

514     ^ 

t3-4 

24 

Ibepah,  mean 

90  22  41  '5 

5  '1x6  02 

14 

Antelope, 

1887 

91  26  23-4 

-f  1*9 

-f    0*2 

91  26  25  '5 

512     ] 

[2  '2 

14 

Antelope, 

1892 

91  26  24*4 

-f  2-3 

-f    0*2 

91  26  26 '9 

514     ^ 

f3*i 

28 

Antelope,  mean 

91  26  26*2 

4  -817  54 

15 

Mount  Nebo, 

1887 

90  15  59  7 

-f   0-2 

-f   O'l 

90  16  OO'O 

512     ] 

[I  '9 

5 'Oil  89 

15 

Draper, 

1887 

90  42  07  -4 

07 

O'C 

90  42  06  '7 

509     ] 

ri'7 

4  -853  89 

14 

Onaquiy 

1887 

92  07  34  7 

-|-20'0 

-h  2-5 

92  07  57  -2 

509    ^ 

t2'4 

4  '201    90 

14 

Oquirrh, 

1887 

90  52  37  '3 

-  6-3 

O'O 

90  52  31  -o 

512     : 

[2-8 

4 '612  08 

7 

Grautsville, 

1887 

95  47  52  -2 

+  13*1 

-f   2  '9 

95  48  08  -2 

513.    ^ 

^3-8 

4  -309  91 

5 

Scipio, 

1887 

90  40  54  "3 

—   2  'O 

-f   O'l 

90  40  52  '4 

511     ] 

[I  '9 

5  092  59 

7 

Lake  Shore  Bend 

94  II  47 'o 

4-2-5 

+  1-6 

94  II  51  •! 

512     ] 

[2 '3 

4 '464  26 

at  Grantsville, 

1887 

2 

Herriman, 

1887 

90  21  40 '9 

6-8 

O'O 

90  21  34  'I 

514     1 

[4*1 

5  -561  96 

16 

Waddoup, 

1892 

91  47  37  -o 

-f-    2-0 

-f    O'l 

91  47  39  "I 

514     ] 

[3'o 

4 '902  28 

16 

Promontory, 

1892 

91  II  43-0 

-f  1-5 

-f   O'l 

91  II  44 '6 

514     1 

[3-2 

4  -976  45 

Observations  in  1887  mostly  between  noon  and  2  hours  p.  m.,  a  few  between  2  hours  p.  m.  and 3 hours 
p.  m.,  and  a  few  between  4  hours  p.  m.  and  5  hours  p.  m.;  in  1892  between  noon  and  i  hour  p.  m. 
and  between  5  hours  p.  m.  and  6  p.  m. 


320 


UNITED  STATES  COAST  AND  GEODETIC  SURVEY. 


Ogden  Peak.  September  and  October,  1888.  Vertical  Circle,  No.  100.  E.  L.  Taney,  observer;  W. 
Eimbeck,  chief  of  party.  June,  JS91.  Vertical  Circle,  No.  63.  P.  A.  Welker,  observer;  W.  Eim- 
beck,  chief  of  party.  July,  1896.  Vertical  Circle,  No.  28.  C.  C.  Yates,  obser\»er;  W.  Eimbeck, 
chief  of  party.  September,  1897.  Vertical  Circle,  No.  28.  H.  C.  Denson,  observer;  P.  A. 
Welker,  chief  of  party. 


Num- 
ber of 
days. 

Object  observed 

I. 

?^rAt         Reduction 
uLce           to  level  of  A. 

Reduction 
for  eccen- 
tricity. 

Reduced  i. 

p. 

7 

Log  J. 

, 

0       /       // 

ff 

// 

Off/ 

mm. 

0 

12 

Draper, 

1888 

90   21    48*2 

+    2-1 

-fo-i 

90  21  50-4 

542 

15*2 

4-884    10 

15 

Oquirrh, 

1888 

90  19  49  '5 

+  4-3 

00 

90  19  53  '8 

542 

15*3 

4-845    I^ 

14 

Mount  Nebo, 

1888 

90  21  20 '9 

-f-  1-3 

-ho -I 

90  21  22  '3 

542 

13-0 

5-189    17 

13 

Antelope, 

1888 

91  29  43  -6 

-f-217 

-fo-i 

91  30  05  '4 

542 

14-8 

6 

Antelope, 

1896 

91  30  09-1 

6-2 

O'O 

91  30  02  '9 

541 

17-1 

19 

Antelope,  mean 

91  30  04  -6 

4  -585  98 

14 

North  Ogden, 

1888 

• 

89  56  26  -5 

+28-6 

-o'3 

89  56  54  -8 

542 

15*1 

4  -285  45 

14 

Deseret, 

1888 

90  09  52  7 

+  2-4 

O'O 

90  09  55  I 

542 

15*0 

y-oi4  73 

II 

U.  S.   Engineers' 

Observatory, 

1 888 

99  20  06  '6 

-40-3 

-}-2I  '2 

99  19  47  '5 

542 

16 -6 

6 

U.  S.   Engineers' 

Observatory, 

1891 

99  19  52  '5 

-  6-8 

O'O 

99  19  45  7 

8-6 

17 

U.    S.  Engineers' 

Observatory,  mean 

99  19  46-9 

3  -986  32 

12 

Pilot  Peak, 

1888 

90  37  28  '3 

-f  o"9 

— O'l 

90  37  29-1 

542 

13-4 

II 

Pilot  Peak, 

1897 

90  37  15  7 

—  Q-i 

O'O 

90  37  15  *6 

539 

10*4 

23 

Pilot  Peak,  mean 

90  37  22  -6 

5  -268  25 

15 

City  Creek, 

1888 

91  32  10  3 

+307 

-0-4 

91  32  40*6 

542 

12*8 

4-639  !9 

4 

Ibepah, 

1888 

90  43  26  -5 

+  0-8 

O'O 

90  43  27  '3 

541 

12*3 

5  -362  23 

8 

Salt     Lake     SE. 

Base, 

1896 

94  28  18*3 

—  10 '9 

O'O 

94  28  07  -4 

541 

167 

4  '328  53 

8 

Salt   Lake    NW. 

Base, 

1896 

94  23  01  '3 

—  17  -o 

O'O 

94  22  44  '3 

541 

16 '9 

4*336  12 

8 

Waddoup, 

1896 

92  58  16 '3 

-f  17 

O'O 

92  58  18 -o 

541 

16 '9 

4-512  42 

5 

Promontory, 

1896 

91   18  13-5 

+  0-9 

O'O 

91  18  14-4 

541 

18 -2 

4*666  30 

Observations  in  1888  between  11  hours  30  minutes  a.  m.  and  i  hour  45  minutes  p.  m.,  and  between  3 
hours  50  minutes  and  6  hours  p.  m.;  in  1891  between  11  hours  50  minutes  a.  m.  and  2  hours  30 
minutes  p.  m.;  in  1S96  between  11  hours  45  minutes  a.  m.  and  i  hour  10  minutes  p.  m.;  in  1897 
about  noon. 

Ogden,  United  States  Engineers"  Station*     June,    1891.     Vertical  Circle,  No.  63.     W.   Eimbeck, 

observer  and  chief  of  party. 


0     f      ff 

ff 

// 

®     ^     ^^        mm.     ® 

6 

Ogden  Peak 

80  44  10  "I 

4-34-1 

O'O 

80  44  44  -2      647     23  -6 

3  -986  32 

6 

Antelope 

88  59  50  -6 

—    2-2 

o*o 

88  59  48  '4      647     22  -6 

4  -533  40 

4 

North  Ogden 

84  18  16-5 

+  277 

O'O 

84  1 8  44-2      645     237 

4-208  70 

2 

Railroad  Crossing 

91  20  06  0 

-37-0 

00 

91   19  29  'o      652    21  -6 

2-998  86 

Observations  betwt 

sen  II  hours  ' 

20  minutes  a. 

m.  and  6  hours  50  minutes  p.  m. 

*  Wes*  •>'er  of  observatory. 
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City  Creek.     May  and  June,   1S93.     Vertical  Circle,  No.  44.     R.  L.   Fans,  observer;   W.  Eimbeck, 

chief  of  party. 


Num- 
ber of 
days. 


5 
5 
4 
5 
5 


Object  observed. 

Antelope 
Ogden  Peak 
Temple  Block  t 
Temple,  ball 
Temple,  figure 


Observed 
zenith  dis- 
tance. 

o     /       // 
89  53  36  -8 
88  48  16  -o 
97  25  32  '5 

96  45  58  '4 
96  44  02  '6 


Reduction 
to  level  of  A- 

// 
+  8-1 
—  3-0 

-66-5 
-68 -o 
-68 -o 


Reduction 
for  eccen- 
tricity. 

// 
O'o 

o*o 

o  'o 

o"o 

o  'O 


Reduced  <.         /*. 


o     /      // 

89  53  44  '9 
88  48  13  -o 

97  24  26*0 

96  44  50  -4 

96  42  54  -6 


mm, 

*587 

*587 
*587 
*587 
*587 


T 

o 

14*1 
14-1 

15*1 
14-4 

14  "5 


Log  5. 

4-519  34 

4  -639  59 
3-631  26 

3  -621  58 
3-621  58 


Observations  between  noon  and  2  hours  p.  m. 


Antelope.  October,  1892.  Vertical  Circle,  No.  44.  O.  B.  French,  observer;  W.  Eimbeck,  chief  of 
party.  June  and  July,  1896.  Vertical  Circle,  No.  28.  P.  A.  Welker  and  C.  C.  Yates,  obser\'ers; 
W.  Eimbeck,  chief  of  party. 


// 


16 

9 
25 

17 

9 
26 

16 

9 

25 

13 
10 

5 
5 
5 
5 
5 
7 
7 
9 


90  09  27  '6 
90  09  48  '4 


Promontory,  1892 

Promontory,  1896 

Promontory,  mean 

Ogden  Peak,  1892 

Ogden  Peak,  1896 

Ogden  Peak,  mean 

Waddoup,  1892 

Waddoup,  1896 

Waddoup,  mean 

Deseret, 

Pilot  Peak, 

Desert  Peak, 

Oquirrh, 

Draper, 

Springville  Peak,  1892 

Onaqui,  1892 

City  Creek,  1892 

Temple,  east  spire,  1892 

Salt  Lake  SE. 

Base,  1896 

Salt  Lake  NW. 

Base,  1896 

Observations  in  1892  between  11  hours  30 
minutes  and  5  hours  25  minutes  p.  m. ; 
minutes  p.  m. 


1892 
1892 
1892 
1892 
1892 


88  47  58  -2 

88  48  13  -8 

91  31  59*3 
91  32  26-5 

89  04  29*4 

90  08  41  "O 
90  18  43  -5 

88  54  17  -5 

89  27  45  '3 
89  34  19*1 

89  20  54-1 

90  21  33  9 

91  10  07  '9 


// 

+  7-7 
+  0-3 

+  07 
+  1-5 

+  9-9 

-  7-6 

4-3*5 
+  I -I 

-  1*3 
-3-2 

-  2  "O 

-  1*3 
-2*4 

-  3-8 

-  3-6 


// 

— O'l 

o*o 
4-0 -3 

CO 

-1-3 

O'O 
O'O 

—02 

— 0*2 
+07 

-fo-5 
-o'4 

— 0"I 
— O'l 

-0-8 


90  09 
90  09 

90  09 

88  47 
88  48 

88  48 

91  32 
91  32 
91  32 

89  04 

90  08 
90  j8 

8854 
89  27 

89  34 

89  20 

90  21 

91  10 


// 
35*2 

487 
40*1 

59-2 

15*3 
04-8 

07-9 
18-9 

II  '9 

32-9 

41-9 
42  -o 

15*0 

43*8 
:8-2 

51-6 

30*0 

03-5 


inm. 

601 

603 

601 
603 

602 
604 

602 
603 
604 
600 
601 
600 
601 
604 
604 


13*0 
267 

13-2 
26  3 

13*4 
26-3 

12  7 

9-7 

7-8 

10-3 

10  "4 

12-5 
10 -8 
12  "I 

8-5 


4-613  25 


4  -585  98 


4*453  18 
4-817  54 
5*195  24 
4-999  86 

4  -588  36 

4  -789  21 
4-988  09 

4-717  95 
4  -519  34 
4  -539  73 


92  17  44*9    4-26-9 


o  -o   92  18  1 1  -8   603  26  -4   4  -270  60 


92  15  43  -I 


4-81-2     0-0   92  1704-3   604  25-9   4-271  15 

minutes  a.  m.  and  i  hour  p.  m.  and  between  4  hours  5 
in  1896  between  1 1  hours  10  minutes  a.  m.  and  i  hour  16 


•  Aneroid. 

t  Wbite  band  0*202  metre  above  the  bottom  doorstep  at  the  east  entrance  to  the  Salt  Lake  City  Mormon  Temple. 

18732 — No.  4 21 
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SjU  Lake  Northwest  Base, 


August,  1896.     Vertical  Circle,  No.  37.     W.  Eimbeck,  observer  and  chief 

of  party. 


Num- 
ber of 
days. 


7 

7 
8 

5 


Object  observed. 

Promontory 

Ogden  Peak 

Antelope 

Salt  Lake  SE.  Base 


Observed         i»«^««*j««      Reduction  -, 

zenith  dis-      .^^f^^lS.     foreccen-     Reduced ;.  P.  J. 

•»«^-.  to  level  of  A.      tricity  ^^'' 


tance. 
o     /        // 


Log  J. 


// 


88  53  48  -I  —  30  -I 

85  47  44*8  —  20-0 

87  52  19  -2  —  32  "9 

895939*8  4-273*0 


// 

O'O 
O'O 
O'O 
O'O 


// 


fHfH. 


88  53  18 -o  653  31 '7  4-521  20 

85  47  24*8  653  31-7  4-336  12 

87  51  46-3  653  32-4  4 '271  15 

90  04  12  -8  652  33  '9  4  -049  17 


Observations  between  noon  and  i  hour  p.  m. .  and  between  4  hours  25  niinutes  and  6  hours  10  minutes 

p.  m. 

Waddoup.  May  and  June,  1892.  Vertical  Circles,  Nos.  63  and  44.  W.  Eimbeck,  R.  L.  Paris,  and 
O.  B.  French,  observers;  W.  Eimbeck,  chief  of  party.  June  and  July,  1896.  Vertical  Circle, 
No.  37.     W.  Eimbeck,  observer  and  chief  of  party. 


0     /       // 

// 

// 

0     /      // 

mm. 

0 

18 

Ogden  Peak, 

1892 

87  17  01  'O 

-f  12  '2 

4-1-2 

87  1*7  14-4 

650 

23  I 

s 

Ogden  Peak, 

1896 

87  17  13  "3 

-r  o'3 

'      O'O 

87  17  13*6 

652 

30*4 

26 

1  Ogden  Peak,  mean 

I 

87  17  14*2 

4  -512  42 

15 

Antelope, 

1892 

88  40  37  -5 

-fl2'4 

4-0 '3 

88  40  50 '2 

650 

22 '6 

8 

!  Antelope, 

1896 

88  40  51  'o 

-  8-4 

O'O 

88  40  42  '6 

652 

31*0 

23 

Antelope,  mean 

88  40  47  -6 

4*453  18 

16 

Deseret, 

1892 

88  49  56  -9 

+    2'9 

— O'l 

88  49  59  7 

650 

23*4 

4*902  28 

17 

Promontory, 

1892 

89  35  30  3 

-t-  3*i 

-ro'2 

89  35  33  -6 

650 

20 '4 

8 

Promontory, 

1896 

89  35  27  '3 

—    I  'O 

0  'O 

89  35  26  '3 

652 

30-8 

25 

Promontory,  mean 

89  35  31  -3 

4  '795  00 

7 

Salt  Lake  SE.  Base, 

1896 

90  06  44 '8 

-t-62-6 

O'O 

90  07  47  '4 

652 

31  T 

4 -262  74 

Observations  in  1892  between  11  hours  25  minutes  a.  m.  and  2  hours  p.  m.,  and  between  4  hours  45 
minutes  and  6  hours  40  minutes  p.  m. ;  in  1896  between  1 1  hours  45  minutes  a.  m.  and  i  hour  20 
minutes  p.  m.,  and  between  3  hours  50  minutes  and  6  hours  i  minute  p.  m. 


Salt  Lake  Southeast  Base, 


July,   1896.     Vertical  Circle,  No.  37.     W.  Eimbeck  and  J.  J.  Gilberti 
observers;  W.  Eimbeck,  chief  of  party. 


// 

-  31*1 

-  467 
4-350  -4 

30*5 

Observations  between  noon  and  12  hours  40  minutes  p.  m.,  and  between  5  hours  and  6  hours  i  minute 

p.  m. 


0     /       // 

7 

Antelope 

87  51  04 '9 

6 

Ogden  Peak 

85  42  42  -8 

7 

Salt  Lake  NW.  Base 

89  55  25  '7 

3 

Waddoup 

90  01  37  '4 

// 

0        /           // 

mm. 

0 

O'O 

87  50  33  -8 

652 

27  '6 

4  270  60 

O'O 

85  41  56-1 

651 

28 '6 

4  -328  53 

O'O 

90  or  16 'I 

652 

27*4 

4*049  17 

O'O 

90  01  06  '9 

652 

30 'O 

4  '262  74 
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Promontory.    July,  1892.     Vertical  Circle,  No.  44.     O.  B.  French,  observer;  \V.  Eimbeck,  chief  of 
party.     August,  1896.    Vertical  Circle,  No.  28.     C.  C.  Yates,  observer;  W.  Eimbeck,  chief  of  party. 


Num- 
ber of 
days. 

Object  observed. 

• 

Observed 
zenith  dis-     , 
tance. 

Reduction 
to  level  of  A- 

Reduction 
for  eccen- 
tricity. 

Reduced  <. 

P. 

T 

Log*. 

0     /        // 

// 

// 

0      /        // 

fftm. 

0 

16 

Deseret, 

1892 

89  33  18  -4 

+ 

6-4 

-ho -4 

S9  33  25  -2 

603 

25  9 

4  '976  45 

16 

Waddoup, 

1892 

90  53  17*0 

+ 

II -6 

— o*i 

90  53  28  -5 

603 

25-6 

6 

Waddoup, 

1896 

90  53  22  I 

+ 

o'9 

0"0 

90  53  23  -o 

603 

24-8 

2'2 

Waddoup,  mean 

90  53  27  -o 

4  795  00 

15 

Ogden  Peak, 

1892 

89  03  13  -8 

+ 

"■3 

O'O 

89  03  25  -I 

603 

25*6 

5 

Ogden  Peak, 

1896 

89  03  31 -I 

— 

07 

CO 

89  03  30  -4 

603 

25 -2 

20 

Ogden  Peak,  mean 

89  03  26  '4 

4*666  30 

14 

Antelope, 

1892 

90  09  13-4 

4- 

18-5 

-l-o*i 

90  09  32  -o 

603 

25  3 

6 

Antelope, 

1896 

90  09  37  '3 

— 

1-6 

00 

90  09  35  7 

603 

24-8 

20 

Antelope,  mean 

90  09  33  -I 

4-613  25 

15 

Pilot  Peak, 

1892 

90  03  31  -8 

+ 

4  7 

-j-O'I 

90  03  36  -6 

603 

27  -6 

5  -153  74 

5 

North  Ogden, 

1892 

88  45  19  '4 

— 

7*5 

-0-4 

88  45  11-5 

603 

27*6 

4  '592  36 

6 

Salt     Lake    NW. 

Base, 

1896 

91  20  24  '5 

-fio5-8 

O'O 

91  22  10-3 

603 

24*8 

4*521  20 

Observations  in  1892  between  noon  and  i  hour  40  minutes  p.  m.,  and  between  4  hoiu^  45  minutes  and 
6  hours  45  minutes  p.  m. ;  in  1896  between  1 1  hours  55  minutes  a.  m.  and  i  hour  p.  m. 

Mount  Neho.    June,  July,  and  August,  1887.     Vertical  Circle,  No.  100.     J.  H.  Turner,  observer;  W. 

Eimbeck,  chief  of  party. 


0      /     // 

// 

// 

0          /         // 

tnm. 

0 

13 

Scipio 

90  52  00  *3 

+ 

5'o 

— o*i 

90  52   05  '2 

497 

12 -8 

4  777  36 

14 

Deseret 

90  33  17 '6 

— 

0"I 

O'O 

90  33  17*5 

498 

13-4 

5 'Oil  89 

13 

Draper 

90  53  04  "8 

+ 

I '4 

o*o 

90  53  06  -2 

497 

13-4 

4  -892  87 

12 

Ogden  Peak 

90  52  52  7 

-h 

I  *! 

0*0 

90  52  53  '8 

498 

14 '2 

5-189  17 

16 

Oquirrh 

90  50  31  *8 

-h 

25 

o*o 

90  50  34  '3 

497 

13-6 

4-982  77 

17 

Onaqui 

90  52  27  '3 

4- 

2*2 

0*0 

90  52  29  '5 

497 

13-4 

5  056  23 

9 

Pilot  Peak 

91  02  04*9 

-f 

06 

o*o 

91  02  05  '5 

498 

14*3 

5-376  16 

13 

Wasatch 

90  29  16  "8 

+ 

3*4 

O'O 

90  29  20 '2 

497 

13-5 

4-912  72 

9 

Ibepah 

90  43  00  '3 

+ 

0*6 

-f  0*1 

90  43  01  'O 

498 

137 

5-265  70 

13 

Tushar 

90  37  56  -8 

1 
T 

I  -o 

-f  o*i 

90  37  57  '9 

497 

'3-6 

5  -215  52 

10 

Patmos  Head 

90  47  43  '6 

o'9 

O'O 

90  47  42  '7 

498    : 

[30 

5 -no  74 

4 

Wheeler  Peak 

90  51  487 

0*2 

+  0*1 

90  51  48 '6 

497     : 

II  'O 

5-376  16 

6 

Sanpete 

90  28  24*2 

2*3 

0*0 

90  28  21  *9 

498    : 

13-9 

4-760  25 

3 

Herriman 

90  36  01  3 

17 

O'O 

90  35  59  '6 

498 

13-2 

4-889  86 

3 

Salt  Creek 

92  04  37  -2 

+ 

9*1 

—  I  'I 

92  04  45  '2 

497    : 

II '9 

4 '212    II 

5 

Nephi  Bench  Mark 

98  45  19  '3 

+34-3 

—10*0 

98  45  43  '6 

497    : 

10 '2 

4'i29  01 

4 

Lone  Peak 

90  27  25  *5 

17 

O'O 

90  27  23  '8 

497     ^ 

f3*2 

4*900  61 

3 

Levan 

92  00  33  -3 

+  1 

[6*1 

-  o'6 

92  00  48  *8 

497     J 

107 

4-514  06 

3 

Cedar 

93  39  48  -5 

+  16 -8 

—    2 '2 

93  40  03  -I 

498     : 

II '4 

4  409  64 

3 

South  Juab  Base 

93  40  26  9 

+267 

1*5 

93  40  52  I 

498     : 

[o'9 

4-518  92 

2 

City  Creek 

91  20  40  *4 

+ 

2*0 

O'O 

91  20  42  '4 

497 

8 'I 

5 -045  69 

I 

Springville  Peak 

90  29  14  -7 

— 

2-6 

O'O 

90  29  12*1 

496    ] 

16 'I 

4  710  70 

Observ 

ations  between  11  hours 

a.  m.  and  7  hours 

30  minutes  p.  m.,  mostly  before  i  ho 

ur  p. 

m.,  except 

th 

at  all  observations  of  Nephi  Bench  Mark 

,  Levan,  Cedar,  and  South  Juab  Base  wer 

e  made  between 

7  hours  and  8  hours  30  minutes  a.  m. 
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Wasatch.     July  and   August,   i 

French,  and  T 

890.     Vertic 
.  M.  Vickers 

Num- 
ber of 
days. 

Object  observed. 

Observed 
zenith  dis- 
tance. 

0       /      // 

14 

Tushar 

90    18    ID'S 

14 

Mount  Nebo 

90    10    19*1 

10 

Scipio 

90   38  06  -1 

II 

Sanpete 

90  08  48  "6 

14 

Patmos  Head 

90  38  34  "6 

n 

Mount  Ellen 

90  26  43  -3 

5 

South  Scipio 

90  45  49  '9 

5 

Mount  Alice 

90  03  II  '6 

5 

Mount  Hilgard 

90  03  08  -3 

5 

Monroe 

90  16  29-3 

5 

Mooseneah 

90  14  52  -6 

5 

Lone  Tree 

90  32  03  7 

Reduction 
to  level  of  A> 

// 

-  05 

—  0*2 

-  4 '5 
-r  8-1 

-  1-6 

-  0-4 

-  4-9 

-  6-8 

-  6  -3 

-  4 '5 
-237 

-  5*4 
Observations  between  11  hours  20  minutes  a.  m.  and  i  hour  30  minutes  p.  m.,  and  between  4  hours  10 

minutes  and  6  hours  p.  in. 


Reduction 
for  eccen- 
tricity. 

Reduced  ^. 

P. 

T 

Log  J. 

// 

0      /      // 

mm. 

0 

-o'3 

90  18  19  "6 

512 

15-8 

5  055  35 

— 0'2 

90  10  187 

512 

15 '4 

4  912  72 

0  'O 

90  38  01  "6 

512 

16 -I 

4  857  12 

— 0'2 

90  08  56  '5 

512 

157 

4  '464  04 

-O'l 

90  38  32  9 

512 

157 

5  029  77 

4-0-I 

90  26  43  -o 

512 

15-0 

5  091  87 

O'O 

90  45  45  'o 

512 

15-9 

4-827  71 

-t-o-3 

90  03  05  -I 

512 

16-4 

4  '685  30 

-^0-3 

90  03  02  "3 

512 

i6-i 

4  717  49 

-fO-2 

90  16  25  -o 

512 

15-1 

4  '863  50 

-  04 

90  14  28-5 

512 

16 '2 

4-140  31 

O'O 

90  31  58 '3 

512 

157 

4-784  60 

Mou fit  Ellen .     August ,  1 89 1 , 


Vertical  Circle,  No.  100.     P.  A.  Welker,  and  O.  B.  French,  obser\'ers; 
W.  Eimbeck,  chief  of  party. 


0      /      // 

// 

// 

Of// 

mm. 

0 

15 

Wasatch 

90  32  29  7    • 

Ti-3 

-  O'l 

90  32  31  -I 

505 

14-4 

5  -091  87 

15 

Mount  Waas 

90  29  00  -3 

-fo-5 

0  'O 

90  29  00  -8 

505 

13-4 

5  165  22 

15 

Tushar 

90  29  40-1 

4-0 -8 

4-0-1 

90  29  41  0 

505 

13 '9 

5  '157  43 

17 

Patmos  Head 

90  48  55  7 

-ho -8 

o-o 

90  48  56  5 

505 

13-6 

5  -202  17 

7 

Uncompahgre 

91    00    23  -2 

-ro'i 

—O'l 

91  00  23  -2 

505 

13  0 

5.  468  52 

4 

Mount  Hilgard 

90    21     13-4 

-2-4 

4-01 

90  21   II -I 

506 

16-4 

4  '974  69 

4 

Mount  Alice 

90   20   52  -I 

2-6 

— o-i 

90  20  49  -6 

506 

16-6 

4  -950  49 

5 

Mooseneah 

90   33    22    I 

I  9 

.-fo-i 

90  33  20  3 

506 

i6-i 

5  084  30 

Observations  between  11,  hours  25  minutes  a.  m  and  i  hour  15  minutes  p.  m.,  and  between  4  hours  10 

minutes  and  6  hours  20  minutes  p.  m. 


PalmOS  Head.      September  and  October,  1.S90.     Vertical  Circle,  No.  100.     P. 

French,  observers;  W.  Eimbeck,  chief  of  party. 

o        /       //  //  //  o        /         // 

90    12    44-3  f  2 -Q  -fO-2         90    12    46-5 


A.  Welker  and  O.  B. 


10 

Wasatch 

II 

Mount  Ellen 

13 

Mount  Nebo 

II 

Mount  Waas 

J3 

East  Peak  * 

7 

Sanpete 

I 

San  Rafael  Knob 

3 

Valley  Knob 

3bser\ 

ations  between  11  hours 

90  26  58-3 

90  14  12-6 

90  15  35  '4 
90  37   II  -2 

90  aS  37  -2 

90  43  45  '5 

91  49  28-5 


// 

-f  2  -Q 

-foS 

-fi-3 
-fo-3 

-f-i  -o 

-f-4-o 

- -2  -o 

+3 '2 


// 
-j-O-2 

-f  O'l 

-}-o-i 

O  'O 

—O'l 

4  0-2 

O  "O 

-  O  -2 


90    26   59-2 

90  14  14  -o 

90  15  35  7 
90  37  12 -I 

90  08  41  '4 

90  43  43  '5 

91  49  31  '5 


mm.  ° 

535  10  o 

534  10  -7 

534  8  -7 

533  6  -3 

534  1 1  '2 
534  7  '2 
533  8  '5 
528  -1  -3 


5  "029  77 
5  -202  17 
5"iio  74 

5  '153  98 
5  047  41 

4  -976  37 
4*951  91 
4  786  72 


30  minutes  and  5  hours  50  minutes  p.m. 


•  East  Peak  was  not  occupied  for  vertical  measures,  but  it  may  be  regarded  as  an  eccentric  station  of  Tavaputs  and 
the  above  zenith  distance  at  Patmos  Head  corrected  accordingly.     From  the  zenith  distance  of  East  Peak  observed  at 
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Mount  Waas.     July  and  August,  1893.     Vertical  Circle,  No.  44.     R.  L.  Paris,  observer;  W.  Eimbeck, 

chief  of  party. 


Num- 
ber of 
days. 

Object  observed. 

Obserx'ed 
zenith  dt!»-    . 
tance. 

Reduction 
.0  level  of  A- 

Reduction 
for  eccen- 
tricity. 

Reduced  <. 

P. 

T 

I«og  J. 

0       /      // 

// 

// 

0       /        // 

mm. 

0 

14 

Patmos  Head 

90  52  16 -8 

+  1-5 

-fo-i 

90  52   18  -4 

490 

12-8 

5  '153  98 

13 

Mount  Ellen . 

90  41    04  '2 

-f  1-4 

o*o 

90  41  05  '6 

490 

12-8 

5'i65  22 

16 

Tavaputs 

90  59  54  7 

— 

- 17 

O'O 

90  59  56  '4 

490 

12*4 

5  -052  08 

10 

Uncompahgre 

90  26  38  -8 

4-  o'6 

~o*i 

90  26  39*3 

491 

12  *9 

5 -211  99 

8 

Treasury*  Mountain 

90  40  05  -4 

— 

^  o'6 

O'O 

90  40  06  X) 

490 

II -6 

5*284  II 

8 

Mesa 

90  48  17  -5 

-  1*5 

O'O 

90  48  19*0 

490 

12*4 

4-998  26 

3 

Valley  Knob 

91  56  12  -8 

-   2  'O 

o'3 

91  56  14*5 

490 

9*9 

4  "947  C2 

2 

Azimuth  Mark 

89  49  15  -2 

—14*0 

-0-8 

89  49  CO  -4 

489 

9-8 

4-057  16 

I 

Warners  Ranch,  Moab 

95  24  09  -o 

4-  9 '2 

-i*3 

95  24  16-9 

489 

7-6 

4*431    10 

I 

Thompson's  NE.  water 
tank* 

92  12  10 '3 

4-27-0 

07 

92  12  36*6 

491 

13-0 

4-806  63 

I 

Thompson's  SW.  water 

92  12  09 '9 

- 

-27-0 

-07 

92    12   36 '2 

491 

13-4 

4*805  81 

Observations  between  noon  and  i  hour  and  20  minutes  p.m.,  and  between  4  hours  30  minutes  and  7 

hours  p.m. 

Tavaputs,    September  and  October,  1891.     Vertical  Circle,  No.  100.     P.  A.  Welker  and  O.  B.  French, 

observers;  W.  Eimbeck,  chief  of  party. 


14 

19 

13 
II 

II 

12 

6 

2 

5 


O        f  ff 

90   22    20 '8 

89  53  48  -9 

90  13  16-4 

90  17  01  -I 
90  35  07  -I 


Uncompahgre    • 

Mount  Waas 

Treasury  Mountain 

Patmos  Head 

East  Peak 

Grand  Junction  Stand-    91  21  28  'i 

pipe 
Mesa  90  10  58-4 

Chiquita  90  21  16  'o 

Flat  Top  90  36  32-1 


//                 //  o     ,      /,  ,„,^  o 

-f   0*I  -|-    O-I  90   22    21  -O  555  10  "2 

—  o  -6  —0-3  89  53  48  -6  556  10  -3 

—  o-i  —  01  90  13  162  554  9*9 
-I-  I -5  -f  o-i  90  17  02-8  555  11*4 
-f-62  -6  —12  -I  90  35  57  -6  555  10  -8 
+95*5  —O-I  912303-5  555  107 

-f  I  -2            o  'o  90  10  59  -6  559  10  -2 

-h  I -2  -f  O-I  90  21   17-3  559  10  I 

+  0-7  90  37  04  -3  556  9  -3 


5  '324  39 
5  *o52  oS 

5*241  97 
5*052  27 

3*231  83 
4  *8io  39 

5  '002   90 
4-882    22 

4  '153  02 


4-3^ '5 

Observations  between  11  hours  45  minutes  a.  m.  and   i  hour  and  5  minutes  p.  m.,  and  between  3 

hours  30  minutes  and  5  hours  10  minutes  p.  m. 


Tavaputs  and  an  assumed  coefficient  of  refraction  (m  =  '057),  Tavaputs  was  found  to  be  17*64  metres  higher  than  East 
Peak.  Patmos  Head  is  approximately  i  253  metres  nearer  to  East  Peak  than  to  Tavaputs.  The  zenith  distance  at 
Patmos  Head  of  East  Peak  was  first  corrected  for  difference  of  height  of  East  Peak  and  Tavaputs  in  the  usual  manner, 

and  then  for  the  difference  of  distance  by  the  expression     5^^/  ,  in  which  d  is  the  difference  of  distance,  s  the  distance 

J  sin  i" 

from  Patmos  Head  to  East  Peak,  and  i  the  zenith  distance  at  Tavaputs  of  Patmos  Head.    The  resulting  zenith  distance 

of  Tavaputs  is — 

O         '  '/  "  "  O  /  /' 

13       I  Tavaputs  90    37    12*1  —32-6  +11 '5  90    36    51*0 

*At  about  7  hours  a.m. 


mm 

534 


o 

II  '2 


5  052  27 
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Mesa.    August,  1893.     Vertical  Circle,  No.  63.    W.  Eimbeck  and  C.  C.  Yates,  observers;  W.  Eimbeck, 

chief  of  party. 


Num- 
ber of 
days. 


6 

5 
6 

4 
5 


Objcctjobscrvcd. 

Observed 
zenith  dis-    . 
tance. 

Reduction 
to  level  of  A- 

Reduction 
for  eccen- 
tricity. 

Reduced  <. 

P. 

T 

{c.) 

Log  J. 

0     /       // 

// 

// 

0     /      // 

mm. 

0 

Chiquita 

90  46  48*0 

2*3 

O'O 

90  46  45  7 

533 

17-8 

4  -613  19 

Mount  Waas 

• 

89  59  07  7 

— O'l 

— o-l 

89  59  07  '5 

533 

15-9 

4-998  26 

Tavaputs 

90  36  39  '6 

06 

o"o 

90  36  39  -o 

534 

18 -I 

5-002  90 

Uncompahgre 

89  46  18-3 

-1*4 

— o*2 

89  46  167 

533 

16 -2 

5  '046  32 

Grand  Junction 

• 

Stand- 

92  34  34  -6 

+157*0 

— o*4 

92  37  II '2 

533 

18 -2 

4 '581  II 

ff 

ff 

0        f         ff 

mm. 

0 

-f-O'I 

O'O 

90  14  40  '4 

556 

10  "7 

4  -882  22 

+308-1 

O'O 

93  35  08  '4 

554 

13-2 

4-291  83 

—2  'O 

O'O 

89  32  33  -9 

553 

II '7 

4-613  19 

pipe. 

Observations  between  11  hours  45  minutes  a.  ni.  and  2  hours  p.  m.,  and  between  4  hours  and  6 

hours  p.  m. 

Chiquita,     May  and  June,  1895.     Vertical  Circle,  No.  28.     W.  Eimbeck,  observer  and  chief  of  party. 

9       Tavaputs  90  14  40  '3 

8  Grand  Junction  Stand-    93  30  00  '3 
pipe 

Mesa  89  32  35  '9 

Observations  between  11  hours  40  minutes  a.  m.  and  i  hour  55  minutes  p.  m.,  ?ind  between  4  hours  15 

minutes  and  7  hours  30  minutes  p.  m. 

Grand  Junction  Standpipe.     May  and  June,  1895.     Vertical  Circle,  No.  44.     R.  L.  Paris,  observ-er; 

\V.  Eimbeck,  chief  of  party. 

a     /       //  //  // 

9  Chiquita  863359*2         -[-21 '8         —7-8 

7       Mesa  87  40  40  '8        4-9  '8        —3  'i 

6     j  Tavaputs  89  07  197         —2*6        +1  *3 

Observations  between  11  hours  50  minutes  a.  m.  and  i  hour  10  minutes  p.  m.,  and  between  5  hours  15 

minutes  and  6  hours  45  minutes  p.  m. 

Gunnison,     August  and  September,  1894,  and  October,  1895.     Vertical  Circle,  No.  44.  •  W.  Eimbeck, 

observer  and  chief  of  party. 

//  // 

-5  7 

— O'l 


0     /      ff 
S6  34  13  -2 

mm. 

638 

0 
20 '6 

4-291  S3 

87  40  47  -5 

642 

21  "2 

4-581   11 

89  07  18  '4 

641 

16 '9 

4  -810  39 

5 
6 

II 

6 


Mount  Ouray,  1894 
Mount  Ouray,  1895 
Mount  Ouray,  mean 
Uncompahgre,  1895 


o       / 

88  29  59  -8 
88  29  42  '4 


88  38  38 'I 


+0-5 


ff 

0     f      ff 

mm. 

0 

*0'0 

88  29  54  -I 

•  ■  • 

19-9 

00 

88  29  42  '3 
88  29  47  '7 

576 

10 '5 

4  -796  48 

0*0 

88  38  38  -6 

576 

10 '4 

4  -848  77 

Observations  in  1894  between  11  hours  14  minutes  a.  m.  and  12  hours  20  minutes  p.  m.,  and  between 
5  hours  17  minutes  and  6  hours  20  minutes  p.  m.;  in  1S95  between  noon  and  12  hours  45  minutes 
p.  m. ,  and  between  4  hours  and  5  hours  10  minutes  p.  m. 


♦  The  Vertical  Circle  occupied  the  stand  of  the  heliotrope  observed  from  Ouray  and  Uncompahgre.    It  is  therefore 
merely  necessary  to  correct  log  j  so  as  to  correspond  to  the  distance  from  the  Vertical  Circle. 
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Uncompahgre,     August  and  September,  1895.      Vertical  Circle,  No.  28.      R.  L.  Fans,  observer;  W. 

Eimbeck,  chief  of  party. 


Num- 
ber of 
days. 

Object  observed. 

Obser\'ed 
zenith  dis- 
tance. 

Reduction 
to  level  of  A. 

Reduction 
for  eccen- 
tricity. 

Reduced  <. 

P. 

r 

hogs. 

0      /      // 

// 

// 

0      /       // 

mm. 

0 

12 

Gunnison 

91  55  03  '9 

-f2  7 

+07 

91  55  07  '3 

456 

7-0 

4  -848  77 

15 

Treasury  Mountain 

90  34  35  •» 

4-1-8 

o*o 

90  34  37  '6 

455 

6-0 

5  '038  70 

15*5* 

Mount  Elbert 

90  34  30  '3 

-fl-2 

— 0-2 

90  34  31  '3 

454 

6-3 

5  '164  50 

7 

Mesa 

91  07  32  -4 

-f  I  'O 

— O'l 

91  07  33  '3 

455 

5*1 

5  '046  32 

14 

Mount  Waas 

90  52  08 '2 

-M-5 

-fO*2 

90  52  09  9 

455 

5*1 

5*211  99 

155* 

Mount  Ouray 

90  30  54  7 

4-2  'O 

0-3 

90  30  56  -4 

454 

5*9 

5  •061   1 2 

10 

Mount  Ellen 

91    20  47  '2 

-i-o-8 

4-0-3 

91  20  48  "3 

455 

4-9 

5  "468  52 

8 

Chiquita 

91  17  05  -8 

4-1  'o 

o*o 

91  17  06 -8 

455 

6-9 

5  '144  50 

5 

Tavaputs 

91  18  23  '4 

4-1  'o 

—O'l 

91  18  24-5 

456 

7-6 

5  -324  39 

Observations  between  1 1  hours  30  minutes  a.  m.  and  i  hour  10  minutes  p.  m.,  and  between  4  hours  55 

minutes  and  6  hours  40  minutes  p.  m. 

Mount  Elbert.     July,  1894.     Vertical  Circle,  No.  28.      P.  A.  Welker  and  J.  Nelson,  obser\-ers;  P.  A. 

Welker,  chief  of  party. 
// 
— o"i 

4-0 -8 

4-1  'o 

4-3*8 
-0-5 

Observations  between  11  hours  a.  m.  and  i  hour  5  minutes  p.  m.,  and  between  4  hours  20  minutes  and 

6  hours  50  minutes  p.  m. 

Treasury  Mountain.  September,  1893.  Vertical  Circle,  No.  44.  R.  L.  Paris,  observer;  W.  Eimbeck, 
chief  of  party.  June  and  July,  1895.  Vertical  Circle,  No.  44.  R.  L.  Paris  and  W.  H.  Clay, 
observers;  W.  Eimbeck,  chief  of  party. 


0     /      // 

II 

Mount  Ouray 

90  25  27  -o 

10 

Uncompahgre 

90  36  26  'O 

10 

Pikes  Peak 

90  33  04  '5 

10 

Treasury  Mountain 

90  31  40-4 

8 

Bison 

90  45  21  -o 

// 

0       /         // 

;;/;;/. 

0 

fOT 

90   25    27   0 

454 

7-0 

4  900  39 

t  0*2 

90  36    27   0 

455 

6-9 

5  '164  50 

o*i 

90  33  05  "4 

454 

6-5 

5  '097  79 

o*o 

90  31  44*2 

454 

67 

4  761  40 

o*o 

90  45  20  '5 

454 

5  7 

4-918  90 

0     /      // 

// 

// 

0       /         // 

mm. 

0 

14 

Tavaputs, 

1893 

91   09  57  -2 

+  1-7 

O'O 

91  09  58  '9 

467 

5*3 

5  -241  97 

14 

Mount  Waas, 

1893 

90  52  18  '4 

+  1  -8 

Q-O 

90  52  20-2 

467 

5*2 

5*284  II 

12 

Uncompahgre, 

1893 

90   18    16 -2 

+  1-9 

-^01 

90    18    18 -2 

466 

4*5 

5  -038  70 

II 

Mount  Ouray, 

1893 

90  18  59  -8 

+2 '2 

40  "I 

90    19  02  -I 

467 

5*1 

7 

Mount  Ouray, 

1895 

90  18  50  '4 

+3-4 

-^o-i 

90  ^8  53  -9 

468 

7  7 

18 

Mount  Ouray,  mean 

90  18  58  '9 

5  -002  04 

8 

Mount  Elbert, 

1895 

89  56  07  0 

-4  7 

-fo-i 

89  56  II  -8 

468 

87 

4*761  40 

Observations  in  1893  between  noon  and  i  hour  p.  m.,  and  between  4  hours  45  minutes  and  6  hours  10 
minutes  p.  m.;  in  1895  between  11  hours  50  minutes  a.  m.  and  i  hour  20  p.  m.,  and  between  5 
hours  and  7  hours  p.  m. 

Bison.     July  and  August,  1894.    Vertical  Circle,  No.  63.     P.  W.  Perkins,  P.  h.  Olmsted,  jr.,  and  P.  L. 

Reed,  observers;  P.  W.  Perkins,  chief  of  party. 


Q     f      n 

// 

// 

0     /      // 

mm. 

0 

8 

Mount  Ouray 

90  12  06*3 

-1-8 

0-0 

90  12  04-5 

492 

13*9 

5  -042  88 

14 

Pikes  Peak 

89  44  38  *5 

-4*9 

0-0 

89  44  33  "6 

493 

13  0 

4771  60 

8 

Mount  Elbert 

89  54  49  *4 

-3*3 

O'O 

89  54  46-1 

492 

13*2 

4-918  90 

13 

Divide 

91  21   19-1 

-o-i 

o-o 

91  21   19*2 

492 

13-0 

4  *940  23 

Observations  betw( 

een  11  hours 

35 

minutes  a. 

m.  and 

I  hour  5  minutes  p. 

m. 

*  Micrometric  differences  September  16,  reckoned  as  one-half  day. 
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Mount  Ouray,     July  and  August,  1894.     Vertical  Circle,  No.  44. 

chief  of  party. 


R.  L.  Paris,  observer;  W.  Eimbeck, 


Num- 
ber of 
days. 

Object  oljserved. 

observed 
«enith  dis- 
tance. 

Reduction 
to  level  of  A. 

Reduction 
for  eccen- 
tricity. 

Reduced  <. 

P. 

T 

ic) 

I*ogj, 

16 

Mount  Elbert 

0      /       // 
90  13   177 

// 
-f  O'l 

// 

—   0-2 

0     /       // 

90  13  17-6 

mm, 

461 

0 
8-9 

4-900  39 

18 

Uncompahgre 

90  24  49  8 

0"0 

-1-   OT 

90  24  49  -9 

461 

8-1 

5  '061  12 

18 

Pikes  Peak 

90  26  01  7 

-f  i-o 

—    O'l 

90  26  02  '6 

461 

91 

5  *052  21 

18 

Gunnison 

92  00  03  '5 

+   1*3 

o*o 

92  00  04  '8 

462 

87 

4  796  48 

18 

Treasury  Mountain 

90  29  41  5 

4-07 

—  o*i 

90  29  42  -I 

461 

87 

5  '002  04 

13 

Bison 

90  41  24  -6 

1-3 

—    O'l 

90   41    23  -2 

461 

8-3 

5  042  88 

n 

Plateau 

91  36  43  -o 

}    06 

O'O 

91  36  43  '6 

461 

8-4 

5  -163  93 

5 

Marshall  Pass  railroad 

• 

station 

103  09  49  '3 

— 6o*i 

O'O 

*io3  08  49*2 

461 

9*3 

+3  602  67 

2 

Marshall  Pass  summit 

103  30  59  'o 

H-i5'9 

0"0 

ti03  31  14  '9 

461 

8-4 

t3  "593  50 

I 

Azimuth  signal 

93  59  16 -6 

-f36-i 

O'O 

93  59  52  7 

462 

II  -8 

t3  "954  35 

Observations  between  11  hours  30  minutes  a.  m.  and  i  hour  5  minutes  p.  m.,  and  between  4  hours 

15  minutes  and  7  hours  20  minutes  p.  m. 

Pikes  Peak.     July  and  August,  1895.      Vertical  Circles,  Nos.  28  and  44.      J.  Nelson,  R.  L.  Paris, 

and  W.  H.  Clay,  observers;  W.  Eimbeck,  chief  of  party. 


0     /       // 

// 

// 

0       /         // 

mm. 

0 

II 

Mount  Ouray 

90  28  52  -8 

06 

-f    0'2 

90  28  52  '4 

459 

5  7 

5  '052  21 

12 

Mount  Elbert 

90  27  50  '5 

0-8 

+    0-3 

90  27  50 'O 

460 

6-2 

5  097  79 

10 

Bison 

90  44  05  0 

f    0*2 

~    0*2 

90  44  05  -o 

459 

5-8 

4771  60 

II 

Divide 

92  25  43  '5 

—     I  '1 

-f-     1-2 

92  25  43  -6 

460 

67 

4721  59 

9 

Plateau 

92  34  45  '6 

-1-187 

14-9 

92  34  49  "4 

460 

5-8 

4-816  21 

13 

Big  Springs 

92  14  53  -5 

-^-17*5 

12-6 

92  14  58  -4 

460 

6-4 

4*841  50 

Observations  between  11  hours  45  minutes  a.  m.  and  i  hour  20  minutes  p.  m.,  and  between  4  hours 

30  minutes  and  7  hours  5  minutes  p.  m. 

Divide.     July  and  August,   1895.      Vertical    Circle,    No.    109.      F.   D.   Granger  and  J.  B.  Boutelle, 

obser\^ers;  V.  D.  Granger,  chief  of  party. 


// 


// 


// 


// 


mm. 


II 

Big  Springs 

90  39  16 -I 

-I  -6 

0  'O 

12 

Pikes  Peak 

87  59  24  '9 

-f2-S 

o*o 

II 

Bison 

89  20  33  -4 

1*4 

O'O 

3 

Mont^  Rosa 

88  49  23  -I 

-6-5 

O'O 

90  39  M  '5  578  22  -9  4  -623  06 

87  59  277  577  24-0  4  721  59 
89  20  32  o  576  23  -2  4  -940  23 

88  49  16 -6  575  23-4  4712  43 

Observations  between  11  hours  35  minutes  a.  m.  and  i  hour  p.  m.,  and  between  4  hoiu-s  35  minutes 

and  6  hoiu-s  30  minutes  p.  m. 

Plateau.      July  and  August,   1894,  and   September  and   October,   1895.      Vertical   Circle,    No.    109. 

F.  D.  Granger,  observer  and  chief  of  party. 

o       /         //  //  //  o      /         // 

Pikes  Peak  87  56  12-5  -f  9  "2  00      87  56  217 

Mount  Ouray  89  33  20  8  — o  -5  o  o      89  33  20  3 

Big  Springs  89  52  58-1  -f  o  7  0*0      89  52  58-8 

Observations  in  1894  between  11  hours  40  minutes  a.  m.  and  i  hour  5  minutes  p.  m.,  and  between 
4  hours  45  minutes  and  6  hours  55  minutes  p.  m.;  in  1895  between  2  hours  and  4  hours  40 
minutes  p.  m. 


10 

13 
10 


mm,      ° 

616    30  4  4 -816  21 

614  30-0  5  163  93 

615  27-5  4  -679  47 


♦  Reduced  to  top  of  tower.        t  Reduced  to  ground  at  foot  of  stake.         J  Logarithmic  distance  from  Vertical  Circle. 
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2.    COEFFICIENT  OF  REFRACTION. 

In  the  development  of  the  expression  for  the  difference  of  height  from  reciprocal 
zenith  distances  there  appears  a  term*  depending  upon  the  difference  of  the  refraction 
at  the  two  stations.  This  term  is  usually  suppressed,  in  application,  as  insignificant. 
Assistant  W.  Eimbeck  called  attention  to  it  when  determining  the  heights  of  the  Rocky 
Mountain  stations  and  applied  it  in  his  field  computation.  If  m^  and  w„  are  the 
coefficients  of  refraction  at  the  upper  and  lower  stations,  respectively,  we  have  the 
expression — 

fft  —  7n> 

and  the  term  — ^ — -— "  i'  will  only  disappear  when  the  two  stations  are  of  the  same 

elevation  with  like  atmospheric  conditions.  For  a  great  difference  in  elevation  and 
a  large  distance  the  effect  of  this  term  evidently  becomes  a  matter  of  importance. 
There  is,  however,  a  diflSculty  in  obtaining  a  rehable  value  for  m^—  w„.  To  do  this,  we 
can  only  fall  back  upon  the  value  of  m  as  deduced  from  the  nonsimultaneous  reciprocal 
zenith  distances  of  all  the  lines  in  this  region,  which  are  tabulated  below  in  the  order  of 
decreasing  average  heights,  J^  (^^H-  ^„).  The  table  also  contains  the  temperature  at 
the  two  stations  and  the  weight  of  each  value  of  the  coefficient  of  refraction  given  by 


«-  n..        s' 


the  expression  p  =  — t~"  "  •  — is- 


7 able  of  resulting  values  of  coefficient  of  refraction^  arranged  according  to  the  ^nean  height  of 

the  two  stations. 

Stations. 


Mount  Elbert  to  Uncompahgjre 
Mount  Elbert  to  Pikes  Peak 
Mount  Elbert  to  Mount  Ouray 
Uncompahgre  to  Mount  Ouray 
Pikes  Peak  to  Mount  Ouray 
Mount  Elbert  to  Treasury  Mountain 
Uncompahgre  to  Treasury  Mountain 
Mount  Ouray  to  Treasury  Mountain 
Mount  Elbert  to  Bison 
Uncompahgre  to  Mount  Waas 
Pikes  Peak  to  Bison 
Mount  Ouray  to  Bison 
Uncompahgre  to  Mount  Ellen 
Treasury  Mountain  to  Mount  Waas 
Wheeler  Peak  to  Tushar 

*T.  W.  Wright's  Treatise  on  the  Adjustment  of  Observations,  New  York,  1S84,  p.  387.    (i  stands  there  for  2m  in 
our  notation. ) 


Temperature. 

Height  (app 

rox.). 

#ftf 

P' 

/.. 

/xi. 

Mean. 

A,. 

Ai,. 

Mean. 

TW, 

0 

0 
6-3 

0 

6-6 

Metres. 

•049  9 

6-9 

4  398 

4  359 

4  378 

13  0 

6-5 

6-2 

6-4 

4398 

4  300 

4  349 

•048 

4 

8-6 

7-0 

8-9 

8-0 

4398 

4  257 

4  328 

•049 

I 

4*1 

5*9 

8-1 

70 

4  359 

4  257 

4308 

•050 

I 

II  -o 

5  7 

91 

7*4 

4  300 

4  257 

4  278 

•047 

9 

87 

67 

87 

7  7 

4  398 

4  100 

4  249 

•050 

6 

1-5 

60 

4*5 

5*2 

4  359 

4  100 

4  230 

•052 

0 

80 

87 

6-1 

7 '4 

4  257 

4  100 

4  178 

•050 

9-1 

5  7 

13-2 

9*4 

4398 

3  788 

4  093 

•051 

0 

2-8 

5'i 

12  '9 

9-0 

4  359 

3  753 

4  056 

•050 

8 

15*5 

5-8 

13-0 

9 '4 

4  300 

3788 

4  044 

•050 

8 

2  'O 

8-3 

13-9 

II  -I 

4  257 

3  788 

4  022 

•051 

4 

6-0 

4*9 

13-0 

90 

4  359 

3498 

3  928 

•054 

0 

35-6 

5*2 

II -6 

8-4 

4  100 

3  753 

3  926 

•053 

8 

18 -8 

-6-6 

9*3 

1-4 

3  967 

3  700 

3  834 

•058 

9 

117 
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TabU  of  resulting  valties  of  coefficient  of  refraction,  arranged  according  to  the  mean  height  of 

the  two  stations — Continued. 


Stations. 

Wheeler  Peak  to  Ibepah 
Wheeler  Peak  to  Mount  Nebo 
Wheeler  Peak  to  White  Pine 
Uncompahgre  to  Mesa 
Tushar  to  Ibepah 
Tushar  to  Mount  Nebo 
Ibepah  to  Mount  Nebo 
Mount  Conness  to  Mount  Grant 
Mount  Waas  to  Mount  Ellen 
Wheeler  Peak  to  Diamond  Peak 
Tushar  to  Mount  Ellen 
Tushar  to  Wasatch 
Ibepah  to  Deseret 
Uncompahgre  to  Tavaputs 
Toiyabe  Dome  to  Mount  Grant 
Toiyabe  Dome  to  White  Pine 
Mount  Nebo  to  Wasatch 
Mount  Nebo  to  Deseret 
Ibepah  to  Pilot  Peak 
Ibepah  to  Diamond  Peak 
Mount  Nebo  to  Pilot  Peak 
Mount  Ellen  to  Wasatch 
Toiyabe  Dome  to  Diamond  Peak 
Mount  Waas  to  Mesa 
Treasury  Mountain  to  Tavaputs 
Mount  Waas  to  Patmos  Head 
Toiyabe  Dome  to  Mount  Callahan 
Uncompaghre  to*  Gunnison 
White  Pine  to  Diamond  Peak 
Tushar  to  Scipio 
Wheeler  Peak  to  Pioche 
Deseret  to  Pilot  Peak 
Mount  Nebo  to  Patmos  Head 
Mount  Ouray  to  Gunnison 
Iljepah  to  Ogden  Peak 
Mount  Grant  to  Round  Top 
Mount  Nelx>  to  Scipio 
Pikes  Peak  to  Divide 
Mount  Nebo  to  Ogden  Peak 
Mount  Ellen  to  Patmos  Head 
Mount  Waas  to  Tavaputs 


Temperature. 

Height  (approx.). 

444 

/. 

t^ 

t^^ 

Mean 

• 

hr. 

A„. 

Mean. 

in. 

o 

0 

13-6 

0 
4*o 

3 

] 

Metres. 

•059  I 

-5-6 

967 

3  684 

3  826 

5*3 

—5-4 

II  "O 

2-8 

3 

967 

3  620 

3  794 

•059  3 

9  7 

-5-4 

07 

-2-4 

3 

967 

3  426 

3696 

•066  0 

7*5 

5-1 

16 '2 

10 -6 

4  359 

3  039 

3  699 

•051  8 

3-i 

II -6 

II  'I 

II -4 

3 

700 

3684 

3  692 

•054  4 

14-9 

10  •! 

13-6 

II -8 

3 

700 

3  620 

3  660 

•053  8 

15 '2 

12 -O 

137 

12-8 

3 

684 

3  620 

3  652 

•054  8 

15*3 

II  7(?) 

4*5 

8-1 

3 

835 

3  427 

3  631 

•050  3 

2-8 

12-8 

13-4 

13-1 

3 

753 

3  498 

3  626 

•055  I 

14-9 

-5-8 

136 

3*9 

3 

967 

3  242 

3  604 

•061  0 

12*4 

8-4 

13*9 

II  '2 

3 

700 

3  498 

3  599 

•053  6 

13-1 

9*4 

15-8 

12-6 

3 

700 

3  394 

3  547 

•052  3 

8-3 

12 'O 

12  *! 

12  'O 

3 

684 

3  360 

3  522 

•056  2 

14-4 

7-6 

10 '2 

8*9 

4  359 

2  667 

3  513 

•057  7 

16-4 

9*4 

3*8 

6-6 

3 

595 

3  427 

3  511 

•060  7 

II  -o 

10 'O 

— O'l 

5*o 

3 

595 

3  426 

3  510 

•061  8 

17-1 

13  5 

15-4 

14-4 

3 

620 

3  394 

3  507 

•051  3 

4-5 

13*4 

II  '9 

12  '6 

3 

620 

3  360 

3  490 

•055  4 

7  7 

10-4 

17-8 

14-1 

3 

684 

3  270 

3  477 

•054  5 

15-9 

7-6 

13-6 

10  "6 

3 

684 

3  242 

3  463 

•054  5 

16 -2 

14*3 

18-9 

16 -6 

3 

620 

3  270 

3  445 

•054  7 

22  '2 

14-4 

15 'o 

147 

3 

498 

3  3^ 

3  446 

•0563 

10 -6 

II  -8 

9-8 

10 -8 

3 

595 

3  242 

3  418 

•053  7 

147 

12-4 

15-9 

14*2 

3 

753 

3  039 

3  396 

•057  9 

3-0 

5*3 

9*9 

7-6 

4 

100 

2  667 

3  384 

•057  2 

20 '6 

12-8 

6-3 

9-6 

3 

753 

2  992 

3  372 

•058  6 

12  5 

9-6 

16-9 

13*2 

3 

595 

3  117 

3  356 

•048  9 

67 

7-0 

10 '4 

87 

4  359 

2  341 

3  350 

•056  9 

2-0 

I  -I 

10 '9 

60 

3 

426 

3  242 

3  334 

061   I 

12-6 

92 

12 '4 

10 -8 

3 

700 

2  960 

3  330 

•054  6 

7*5 

-6-2 

20 '2 

7-0 

3 

967 

2  677 

3  322 

•060  I 

6-1 

12-4 

18 -I 

15-2 

3 

360 

3  270 

3  315 

•056  3 

24-4 

13-0 

87 

10 -8 

3 

620 

2  992 

3  306 

•054  I 

9*4 

87 

14-8 

II  -8 

4 

257 

2  341 

3  299 

•056  7 

27 

12-4 

12*3 

12-4 

3 

684 

2  913 

3  298 

•056  5 

II  -8 

7-4 

12  7 

10 'O 

3  427 

3  166 

3  296 

•056  8 

7*3 

12-8 

11-9 

12-4 

3 

620 

2  960 

3  290 

■057  3 

2-3 

67 

24*0 

15-4 

4 

300 

2  259 

3  280 

•056  2 

1-6 

14-2 

13-0 

13-6 

3 

620 

2  913 

3  266 

•055  5 

15*4 

13-6 

107 

12  -2 

•4 
0 

498 

2  992 

3  245 

•058  9 

16-9 

12  '4 

10-3 

II -4 

3 

753 

2  667 

3  210 

•058  9 

II  -o 
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Table  0/ resulting  z>alues  0/ coefficient  0/ refraction  ^  arranged  according  to  the  mean  height  of 

the  two  stations — Continued. 


Stations. 


Wasatch  to  Patmos  Head 
Tushar  to  Pioche 
Toiyabe  Dome  to  Lone  Mountain 
Diamond  Peak  to  Mount  Callahan 
Wasatch  to  Scipio 
Deseret  to  Scipio 
Toivabe  Dome  to  Carson  Sink 
Deseret  to  Ogden  Peak 
Pikes  Peak  to  Big  Springs 
Mount  Grant  to  Lone  Mountain 
White  Pine  to  Lone  Mountain 
Pilot  Peak  to  Ogden  Peak 
Mount  Grant  to  Mount  Como 
Mount  Grant  to  Carson  Sink 
White  Pine  to  Pioche 
Bison  to  Divide 
Round  Top  to  Mount  Lola 
Pikes  Peak  to  Plateau 
Round  Top  to  Mount  Como 
Mount  Ouray  to  Plateau 
Mount  Callahan  to  Carson  Sink 
Mesa  to  Tavaputs 
Patmos  Head  to  Tavaputs 
Mesa  to  Chiquita 
Mount  Lola  to  Mount  Como 
Mount  Como  to  Carson  Sink 
Deseret  to  Antelope 
Deseret  to  Promontory- 
Mount  Lola  to  Pah-Rah 
Pilot  Peak  to  Antelope 
Pilot  Peak  to  Promontory 
Tavaputs  to  Chiquita 
Mount  Como  to  Pah-Rah 
Carson  Sink  to  Pah-Rah 
Ogden  Peak  to  Antelope 
Ogden  Peak  to  I*romontor>' 
Ogden  Peak  to  City  Creek 
Deseret  to  Waddoup 
Mesa  to  Grand  Junction  Standpipe 
Ogden  Peak  to  United  States  Engi- 
neers* Observatory 


Temperature. 

Height  (approx. 

). 

/i. 

A.. 

Mean. 

h,. 

hxi. 

Mean. 

wi. 

P- 

0 

0 
10  "O 

0 

12-8 

' 

Metres. 

'055  2 

157 

3  394 

2  092 

T 

193 

67 

87 

20  •! 

14-4 

3  700 

2  677 

3 

188 

'054  2 

II '5 

"•5 

17 

7*1 

3  595 

2  767 

3 

181 

•060  9 

5-3 

137 

16 -5 

15-1 

3  242 

3  117 

3 

180 

•052  0 

6-5 

161 

II -8 

14  "O 

3  394 

2  960 

3 

177 

•053  3 

3-0 

II  '9 

II  -8 

II -8 

3  360 

2  960 

3 

160 

•056  0 

5*1 

10 'O 

20 '2 

15*1 

3  595 

2  685 

3 

140 

•054  I 

7*6 

12-6 

15*0 

13 '8 

3  360 

2  913 

3 

136 

•057  3 

10 -I 

6-4 

27*2 

16 -8 

4  300 

I  903 

3 

102 

•059  6 

2  '9 

5-0 

2*0 

3*5 

3  427 

2  767 

3  097 

•066  0 

10 '5 

-0-4 

2*4 

I  0 

3  426 

2  767 

3 

096 

070  I 

197 

18 -o 

12  'O 

15-0 

3  270 

2  913 

3  092 

•058  2 

41-2 

7-4 

18-3 

12-8 

3  427 

2  750 

3 

088 

•056  I 

3 '5 

4-9 

21  -2 

13-0 

3  427 

2  685 

3 

056 

•060  4 

8-2 

0'2 

19*0 

9-6 

3  426 

2  677 

3  052 

•061  6 

9*9 

13-0 

23 -2 

18 -I 

3  788 

2  259 

3  024 

•053  9 

4-5 

12  "I 

12  '2 

12  -2 

3  166 

2  787 

2 

976 

■058  5 

5-8 

5-8 

30*4 

18 -1 

4  300 

I  644 

2 

972 

•058  7 

2  "O 

12  7 

18 -1 

15*4 

3  166 

2  750 

2 

958 

•054  7 

3-0 

8-4 

30-0 

19-2 

4  257 

I  644 

2 

950 

•053  7 

13-8 

17  -6 

20 -8 

19-2 

3  "7 

2  6»5 

2 

901 

•053  3 

7 -2 

18 -I 

10 '2 

14-2 

3  039 

2  667 

2 

853 

•061  3 

3-0 

II  *2 

II '4 

II '3 

2  992 

2  667 

2 

830 

•056  2 

7-6 

17-8 

117 

14-8 

3  039 

2  595 

2 

817 

062  6 

o'5 

12*5 

17-9 

15*2 

2  787 

2  750 

2 

768 

•055  8 

4-6 

17  "O 

20 'O 

18-5 

2  750 

2  685 

2 

718 

•056  0 

8-4 

12-6 

127 

12*6 

3  360 

2  005 

2 

682 

•063  I 

3-8 

13-2 

25-9 

19-6 

3  360 

2  004 

2 

6S2 

•058  7 

7*2 

12  '6 

7  7 

10 -2 

2  787 

2  5*o 

2 

648 

•063  7 

3*1 

16 -2 

9  7 

13-0 

3  270 

2  005 

2 

638 

•063  7 

13-4 

18 -1 

27  -6 

22-8 

3  270 

2  004 

2 

637 

•057  3 

14*1 

10  •! 

107 

10*4 

2  667 

2  595 

2 

631 

•063  4 

I  -Q 

16 '9 

II  -I 

14-0 

2  750 

2  510 

2 

630 

•057  3 

3-4 

20 '5 

8-8 

14*6 

2  685 

2  510 

2 

598 

•063  9 

6-5 

15 '5 

17-5 

165 

2  913 

2  005 

2 

459 

•063  2 

1-6 

18 -2 

25*5 

21-8 

2  913 

2  004 

2 

458 

•065  9 

0*9 

12-8 

14-1 

13*4 

2  913 

I  870 

2 

392 

•056  7 

07 

13-0 

23-4 

18 -2 

3  360 

I  297 

2 

328 

•062  8 

5 'I 

18 -2 

21  "1 

197 

3  039 

I  394 

2 

216 

•062  4 

0-4 

13-8 


23*6        187    2  913    I  326    2  120     -666  9      0-04 
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Temperature. 

Height  (approx 

.). 

A. 

/,!. 

Mean. 

h,. 

All. 

Mean. 

tn. 

A 

o 

0 
25-3 

0 
21  "I 

Metres. 

•058  2 

16*9 

2  913     1 

[  297 

2 

105 

06 

16*9 

317 

24 '3 

2  913     1 

[  284 

2 

098 

•065  8 

0'2 

167 

28-6 

22  -6 

2  913     1 

[  278 

2 

095 

•062  8 

0'2 

22*9 

25  0 

24-0 

2  259    1 

I  903 

2 

081 

•052  0 

I  -o 

107 

16 '9 

13*8 

2  667     1 

^  394 

2 

030 

•064  8 

17 

17-9 

25-1 

21-5 

2  005     2 

\  004 

2 

004 

•0665 

1*9 

13-2 

20 '6 

16 '9 

2  595     ] 

^  394 

994 

•057  5 

0'2 

12  -I 

14-1 

13 'I 

2  005     ] 

[  870 

938 

•071  9 

0-3 

25  -2 

27-5 

26-4 

I  903     ] 

[  644 

774 

•052  4 

I  "2 

18 -o 

25*5 

21  -8 

2  005     ] 

[  297 

651 

•075  I 

I  "O 

25  "4 

237 

24  -6 

2  004     ] 

t  297 

650 

•0694 

4-6 

25  9 

32-4 

29*2 

2  005     ] 

[  284 

644 

•061  2 

o*i 

24-8 

317 

28-2 

2  004     ] 

[  284 

644 

•068  I 

04 

26*4 

27*6 

27  -o 

2  005     ] 

[  278 

642 

•064  0 

O'l 

31 -I 

30-0 

30-6 

I  297     ] 

[  278 

288 

•0493 

01 

33*9 

27*4 

30-6 

I  284     ] 

[  278 

281 

•046  2 

0-04 

Table  0/ resulting  vcUues  0/ coefficient  0/ refraction,  arranged  according  to  the  mean  height  oj 

the  two  stations — Completed. 


Stations. 


Ogden  Peak  to  Waddoup 

Ogden  Peak  to  Salt  Lake  NW.  Base 

Ogden  Peak  to  Salt  Lake  SE.  Base 

Divide  to  Big  Springs 

Tavaputs  to  Grand  Junction  Standpipe 

Antelope  to  Promontory 

Chiquita  to  Grand  Junction  Standpipe 

Antelope  to  City  Creek 

Big  Springs  to  Plateau 

Antelope  to  Waddoup 

Promontory  to  Waddoup 

Antelope  to  Salt  Lake  NW.  Base 

Promontor)'  to  Salt  Lake  NW.  Base 

Antelope  to  Salt  Lake  SE.  Base 

Waddoup  to  Salt  Lake  SE.  Base 

Salt  Lake  NW.  Base  to  SE.  Base 

An  inspection  of  this  table  shows  a  steady  increase  in  the  coefficient  of  refraction 
as  the  height  decreases,  except  where  the  temperature  is  abnormally  high  or  low,  in 
which  case  the  value  of  m  is  correspondingly  low  or  hi^h.  It  was  therefore  decided  to 
try  to  derive  an  expression  for  the  coefficient  of  refraction  of  the  form — 

^  =  w^o  +  (^  —  O^  +  (^  -  h^y 

At  first  8  groups  of  10  values  each  were  formed,  and  thci  weighted  mean  values  of 
temperature,  height,  and  coefficient  of  refraction  were  found  for  each  group.  An 
expression  of  the  above  form  was  found  which  fitted  very  closely  these  mean  values, 
but  when  applied  to  the  individual  values  of  m  the  agreement  was  not  satisfactory,  nor 
did  the  use  of  it  in  the  height  computations  produce  a  satisfactory  closure  of  the  height 
triangles.  This  was  ascribed  partly  to  the  fact  that  the  variations  in  temperature  are 
largely  concealed  by  taking  the  group  means  and  partly  to  a  regional  difference 
in  topography  and  local  conditions  between  the  eastern  and  western  parts  of  the 
triangulation. 

It  was  therefore  concluded  to  use  the  individual  values  of  m,  disregarding  the  com- 
puted weights,  and  to  derive  two  expressions,  one  for  the  eastern  part  of  the  triangula- 
tion from  Pikes  Peak  to  Mount  Nebo  and  another  for  the  remaining  western  part. 
Thirty  values  are  included  in  the  first  part  and  46  in  the  second;  several  values 
evidently  abnormal  as  well  as  those  derived  from  short  lines  being  rejected.  The  mean 
values  for  the  eastern  part  are  t^—  9°*9^,  K  —  ZTl  hectometres,  m^  —  '053  4,  and  the 
resulting  observation  equations  of  the  form  (/  —  t^x-^-  {h  —h^y  z=z  nt  —  m^  are  tabu- 
lated below.  For  convenience  of  computing,  {h  —  h^)  is  given  in  hectometres  and 
{m  —  mj  in  units  of  the  fourth  place  of  decimals. 


station. 

Mount  Elbert  to  Uncompahgre 
Mount  Elbert  to  Pikes  Peak 
Mount  Elbert  to  Mount  Ouray 
Uncompahgre  to  Mount  Ouray 
Pikes  Peak  to  Mount  Ouray 
Mount  Elbert  to  Treasury  Mountain 
Uncompahgre  to  Treasury  Mountain 
Mount  Ouray  to  Treasury  Mountain 
Mount  Elbert  to  Bison 
Uncompahgre  to  Mount  Waas 
Pikes  Peak  to  Bison 
Mount  Ouray  to  Bison 
Uncompahgre  to  Mount  Ellen 
Treasury  Mountain  to  Mount  Waas 
Uncompahgre  to  Mesa 
Mount  Waas  to  Mount  Ellen 
Tushar  to  Mount  Ellen 
Tushar  to  Wasatch 
Uncompahgre  to  Tavaputs 
Mount  Nebo  to  Wasatch 
Mount  Ellen  to  Wasatch 
Mount  Waas  to  Mesa 
Treasury  Mountain  to  Tavaputs 
Mount  Waas  to  Patmos  Head 
Uncompahgre  to  Gunnison 
Mount  Nebo  to  Patmos  Head 
Mount  Ouray  to  Gunnison 
Mount  Ellen  to  Patmos  Head 
Mount  Waas  to  Tavaputs 
Wasatch  to  Patmos  Head 


The  resulting  normal  equations  are — 

i90*o8;r  —  217  •07jv  =  -}- I  209*8^ 
—  217  •07^-1-488  •52>'=  — 3  471*6/ 


AliUJN- 

— rAKi 

li     tin 

riun  1  cs. 

666 

0 

h    ho 

fn—tfto 

Computed. 

O-C 

3  "3 

+6-1 

-35 

-41 

+  6 

3*5 

+5-8 

50 

-38 

—12 

1*9 

+5-6 

43 

42 

—  I 

2-9 

-r5-4 

33 

37 

-  4 

-2*5 

+5-1 

55 

35 

—  20 

—  2  -2 

4-4-8 

28 

34 

+  6 

4  7 

4-4-6 

-14 

23 

+  9 

25 

4-4-1 

27 

27 

0 

0-5 

4-3*2 

-24 

-26 

-^  2 

-0-9 

4-2*9 

26 

—22 

-  4 

o'5 

+27 

-26 

—22 

-  4 

-fl-2 

4-2*5 

—20 

26 

+  6 

-0-9 

+  1*6 

4-  6 

—II 

-ri7 

-1*5 

4-1*6 

4-  4 

-    9 

+  13 

+07 

07 

16 

+  4 

—20 

+3*2 

-1*4 

+  17 

■4  I 

ri6 

+  1-3 

17 

4-  2 

410 

8 

4-2  7 

—2*2 

—  II 

+  9 

—  20 

—  I  -o 

2*6 

-^43 

426 

+  17 

+4-5 

-2*6 

—21 

4  6 

27 

+4-8 

-3-2 

4-29 

4ii 

-i-iS 

+4-3 

3  7 

4-45 

4-17 

428 

23 

3*9 

438 

4-42 

—  4 

-0-3 

40 

4-52 

4-36 

+  16 

-I  -2 

-4-2 

4-35 

+41 

6 

+0-9 

-4-6 

4-  7 

+37 

30 

+  1-9 

-4  7 

4-33 

+34 

—  1 

+2*3 

-5 '3 

1-55 

+38 

+  17 

+  1-5 

-5-6 

+55 

+43 

-^12 

+29 

-5-8 

418 

+40 

—22 

^r=— 3*6 


from  which  { 

lj;=_87 


and  the  expression  for  the  coefficient  of  refraction  is — 

w  =  -053  4  —  -000  36  (/  —  9''-9)  -  -000  87  (A  —  37  *7) 

In  the  height  computations  we  need  only  the  difference  of  refraction  at  the  two 
stations,  which  may  be  found  directly  from  the  expression — 


f/f,  —  Wxi 


=  'ooo  18  (/„  — /,)  —  "ooo  44  (^,  —  A„) 


in  which  m^  t^  and  h^  refer  to  the  upper  station  and  wi„  /„  and  A„  to  the  lower,  and  the 
unit  of  height  is  a  hectometre. 
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For  the  Western  part  the  mean  values  are  /o=  ii^^'s  C,k^=  32*5  hectometres  and 
m^  =  '057  8.     The  resulting  observation  equations  are  tabulated  below: 

Stations.  /— /©  h—h^  m—mQ    Computed.    0—C. 

o 

Wheeler  Peak  to  Tushar  —  9*8  -f  5 -8  -f  n  +27  —16 

Wheeler  Peak  to  Ibepah  —  7  '2  -f  5  '8  -f  13  +6  4-7 

WTieeler  Peak  to  Mount  Nebo  —  8  -4  -fs  *4  +15  4-19  ~  4 

Wheeler  Peak  to  White  Pine  —13  -6  +4  -5  -j-  82  +69  -I-13 

Tushar  to  Ibepah  +  o  '2  -{-4  -4  —  34  —42  -|-  8 

Tushar  to  Mount  Nebo  -f  o  '6  -f-4  'i  —  40  —42  -j-  2 

Ibepah  to  Mount  Nebo  +1*6  -f  4  "o  —  30  —49  -f-19 

Wheeler  Peak  to  Diamond  Peak  —  7  '3  +3  '5  -f  32  +27  +5 

Ibepah  to  Deseret  -f  0*8  4-27  —  16  —31  -fi5 

Toiyabe  Dome  to  Mount  Grant  —4-6  -}-2  *6  -f  29  +14  -{-15 

Toiyabe  Dome  to  White  Pine  ~6'2  -f  2 '6  -h  40  +27  -I-13 

Mount  Nebo  to  Deseret  -f  i  '4  +2  '4  —  24  —33  -f  9 

Ibepali  to  Pilot  Peak  +  2  -9  -f2  -3  —  33  -44  -fii 

Ibepah  to  Diamond  Peak  —  0*6  -|-2 'i  —  33  —14  —19 

Mount  Nebo  to  Pilot  Peak  -f  5 '4  +i"9  —31  —61  +30 

Toiyabe  Dome  to  Diamond  Peak  —  c»*4  +1 7  —  41  —12  —29 

WTiite  Pine  to  Diamond  Peak  —  5  '2  -f-o  '8  -j-  33  +35  —  2 

Tushar  to  Scipio  —  o  *4  -j-o  '8  —  32  —  4  —28 

Wheeler  Peak  to  Pioche  —  4  '2  +07  +23  +28  —  5 

Deseret  to  Pilot  Peak  +  4  *o  -fo  7  —  15  —39  +24 

Mount  Grant  to  Round  Top  —  i  "2  -fo*5  —  10  +5  —15 

Ibepah  to  Ogden  Peak  -f   i '2  -fo*5  —  13  —14  -f-  i 

Mount  Nebo  to  Scipio  -f  i '2  4-0*4  —     5  —13  4-8 

Mount  Nebo  to  Ogden  Peak  4-2-4  4-0  '2  —  23  —21  —  2 

Tushar  to  Pioche  -f  3  '2  — o  '6  —  36  —20  —16 

Toiyabe  Dome  to  Lone  Mountain  —4*1  — o7  4-31  4-40  —  9 

Diamond  Peak  to  Mount  Callahan  +  3  "9  —07  —58  —25  —33 

Wasatch  to  Scipio  4-2*8  —07  -  45  —16  —29 

Deseret  to  Scipio  4-  o*6  —0*9  —   18  4-3  —21 

Toiyabe  Dome  to  Carson  Sink  +  3  "9  —  i  'i  •  -  37  —22  —15 

Deseret  to  Ogden  Peak  4-2*6  — i 'i  —     5  — 11     •       4-6 

Mount  Grant  to  Lone  Mountain  —  77  —  i  *5  r  82  4-76  4-6 

White  Pine  to  Lone  Mountain  —10*2  —1*5  4-123  4-96  4-27 

Pilot  Peak  to  Ogden  Peak  4-  3 '8  — 1*6  -r     4  —16  4-20 

Mount  Grant  to  Mount  Como  -f  i  "6  — 1*6  -   17  4-2  —19 

Mount  Grant  to  Carson  Sink  4-1*8  —1*9  4-26  4-3  4-23 

White  Pine  to  Pioche  —  i  *6  -2  'o  1-38  -31  4-7 

Round  Top  to  Mount  Lola  4-  i -o  —2*7  4-7  i-i6      '      —  9 

Round  Top  to  Mount  Como  +4 '2  —2*9  —  31  —  8  —23 

Mount  Callahan  to  Carson  Sink  4-  8  'o  —3-5  —  45  —33  —12 

Mount  Lola  to  Mount  Como  4-  4 'o  —4*8  —20  -i-ii  —31 
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Stations. 

Mount  Como  to  Carson  Sink 
Deseret  to  Antelope 
Deseret  to  Promontory 
Pilot  Peak  to  Antelope 
Pilot  Peak  to  Promontory 

The  resulting  normal  equations  are — 

I  251 '67^  — 464'oi>'  =  — 5  961-1 
—464  'oi  X  -f-  467  -61  >/  =  —     4 

and  the  expression  for  the  coefficient  of  refraction  is — 

m  =  "057  8—  'oooSi  (/—  u**'2)  —  -00091  (A  —  32*5) 

For  the  difference  of  refraction  at  two  stations  we  have — 


/-4 

A— Ao 

Wf— #Wq 

Computed. 

0-C, 

0 

+  7-3 

-5-3 

-  18 

—  II 

-  7 

+  1-4 

-5  7 

4-  53 

+41 

+  12 

+  8-4 

-5  7 

4-    9 

-16 

+25 

+  1-8 

-61 

-f  59 

+41 

+  18 

+11 -6 

-6-1 

-     5 

-38 

+33 

-I  "^                                   (  X: 

>  from  which  < 
-9/                       \yz 

=  -8-i 
=  -9-1 

m^—m 


'-'  =  -000  40  (/„-/.)-  -000  45  {^-hj 


The  next  to  the  last  column  in  the  preceding  tables  contains  the  computed  values 
of  (m—mj  and  the  residuals  are  given  in  the  last  column.  While  some  of  the  residuals 
are  large,  yet  in  general  the  agreement  is  quite  good,  and  the  two  expressions  for  fn^—m^^ 
have  been  adopted  for  use  in  the  computation  of  differences  of  height. 

The  differences  of  height  between  the  stations  were  computed  by  the  formula  as 

s' 
given  above  and  inclusive  of  the  term  (fn^—m^^)    -. 

3.    ADJUSTMENT  OF   HEIGHTS. 

The  adjustment  of  heights  has  been  divided  into  two  parts,  the  first  including  the 
principal  triangulation  stations  between  Round  Top  and  Pikes  Peak,  as  shown  on  the 
preceding  sketch,  and  the  second  the  stations  in  the  vicinity  of  the  Salt  Lake  Base.* 
The  heights  of  the  following  stations  have  been  fixed  by  previous  adjustments: 


Round  Top 
Mount  Lola 
Pikes  Peak 
Divide 
Plateau 


m. 

3  165-6 
2  786-8 

4  300*2 
2  259-2 

I  644-0 


*  See  subsketch  farther  on. 
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The  approximate  heights  of  the  28  intermediate  stations  are- 


Mount  Como 
Pah-Rah 
Mount  Grant 
Carson  Sink 
Toiyabe  Dome 
Lone  Mountain 
Mount  Callahan 
Diamond  Peak 
White  Pine 
Wheeler  Peak 
Pioche 
Ibepah 
Tushar 
Mount  Nebo 


m. 

2  749-f -^1 

2  5i4-h-^*» 

3  43o+-^3 

2  684+^4 

3  594-^-^5 

2  779-h'^'6 

3  iie+Ji-y 

3  248  f  ;i-8 

3  44o-h-^9 
3  982  f;r 

2  682 -r;r, 

3  692+j:- 

3  703+^13 

3  6234-;r,4 


10 


la 


Deseret 

Scipio 

Wasatch 

Patmos  Head 

Mount  Ellen 

Mount  Waas 

Tavaputs 

Mesa 

Uncompahgre 

Gunnison 

Treasury  Mountain 

Mount  Ouray 

Mount  Elbert 

Bison 


m. 

3  368+;r,5 

2  967+jr,« 

3  398+^17 
3  oo3f;r,8 
3  501+^,9 

3  754+-^» 

2  68o-|-jrai 

3  o5o-f-^« 

4  355-h-^2i 

2  343  f  ^24 
4  098+;ra5 

4    254-f  ^a6 

4  396-1^,7 

3  786-fj-ae 


The  computed  differences  of  height  with  their  weights  and  the  corresponding 
observation  equations  are  given  in  the  following  table.  The  very  long  line  Uncompahgre 
to  Mount  Ellen  is  rejected: 

A  A.  p.        Observation  equations,     -^^"^^^d    Resid- 


Stations. 


Round  Top  to  Mount  Lola 
Round  Top  to  Mount  Como 
Mount  Lola  to  Pah-Rah 
Mount  Lola  to  Mount  Como 
Mount  Como  to  Pah-Rah 
Mount  Grant  to  Round  Top 
Carson  Sink  to  Pah-Rah 
Mount  Grant  to  Mount  Como 
Mount  Grant  to  Carson  Sink 
Mount  Grant  to  Lone  Mountain 
Mount  Como  to  Carson  Sink 
Toiyabe  Dome  to  Mcunt  Grant 
Toiyabe  Dome  to  Carson  Sink 
Toiyabe  Dome  to  Lone  Mountain 
Toiyabe  Dome  to  Mount  Callahan 
Toiyabe  Dome  to  Diamond  Peak 
Toiyabe  Dome  to  White  Pine 
Mount  Callahan  to  Carson  Sink 
Diamond  Peak  to  Mount  Callahan 
White  Pine  to  Diamond  Peak 
White  Pine  to  Lone  Mountain 
White  Pine  to  Pioche 
Wheeler  Peak  to  White  Pine 
Wheeler  Peak  to  Diamond  Peak 


A  A. 


uals. 


m. 

« 

w. 

VI. 

376-6 

8*4 

(378*8) 

417-0 

22  -2 

o=4o-4-h;r  , 

417*4 

-0-4 

275  "5 

5-5 

o=-f2  7-hJtr, 

273*3 

4-2  '2 

40-4 

7-2 

o=-{-2  'S-^x  X 

38*6 

+  1-8 

232  I 

6*3 

0=-\-2'^^X  t—X  , 

234*7 

4-2-6 

263  I 

5-9 

o=-hi-3-h^3 

262  -4 

-0-7 

168 -2 

4-6 

0— -|-i  '8— ;f  9-\-x  4 

167*3 

o*9 

679  T 

9-7 

0— -hi  9  -X  j^X  ^ 

679-8 

-r0  7 

741*5 

3-6 

o=-f4-5-h-«'3  -^4 

747-2 

4-5-7 

656  0 

3-8 

o=-[  S'o-x  ^^x  f, 

651  -2 

4-4*8 

70*6 

3-6 

0=4  5-6~Jt-,-f;r4 

67*3 

-+-3-3 

161  -I 

4-0 

o=-h2  9  -a- 3-f-^  5 

162  4 

+  1-3 

911-4 

4  7 

0— -f-i  -44-^-4— ;r  5 

909-5 

-fi-9 

813-4 

7-9 

o=-hi  •(>-\-x  ^—X  6 

813*5 

4-0 -I 

479-6 

5-8 

0— -(-I  *6— ;r  ^-^x  7 

479-0 

4-0-6 

345*4 

2*4 

o=+o-6-r^'  5— A'  8 

349*1 

4-3-7 

154*6 

2  -o 

0— 4  0*6— ^  5-h^  9 

153-2 

-fi-4 

43^*3 

4*7 

0-+0-7  ^4+^7 

430*5 

0-8 

130-0 

70 

0— f-2-o-;r  ;-h;t-8 

129-9 

—01 

195-0 

3-0 

0=4  3  '0-[^X    S—X   g 

195*8 

-0-8 

65^-7 

2  -o 

0=-f-9-3— -^6+^9 

660-3 

4-8-6 

757*4 

3-2 

o=-f  0  '6^-x  g—x„ 

758*1 

4-07 

534*5 

2*9 

0—4-7-5-^9-^^10 

543-0 

■f8-5 

737-8 

2-7 

o-^3-84-A-8--i'xo 

738*9 

—I  -I 
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Stations. 


A  A. 


p.        Observation  equations.     A^usted      Resid. 


uals. 


Wheeler  Peak  to  Ibepah 

Wheeler  Peak  to  Pioche 

Wheeler  Peak  to  Mount  Nebo 

Wheeler  Peak  to  Tushar' 

Ibepah  to  Diamond  Peak 

Ibepah  to  Mount  Nebo 

Tushar  to  Ibepah 

Tushar  to  Pioche 

Ibepah  to  Deseret 

Mount  Nebo  to  Deseret 

Deseret  to  Scipio 

Mount  Nebo  to  Scipio 

Wasatch  to  Scipio 

Tushar  to  Scipio 

Tushar  to  Mount  Nebo 

Tushar  to  Wasatch 

Tushar  to  Mount  Ellen 

Mount  Nebo  to  Wasatch 

Mount  Nebo  to  Patmos  Head 

Wasatch  to  Patmos  Head 

Mount  Ellen  to  Wasatch 

Mount  Ellen  to  Patmos  Head 

Mount  Waas  to  Mount  Ellen 

Mount  Waas  to  Patmos  Head 

Mount  Waas  to  Tavaputs 

Patmos  Head  to  Tavaputs 

Mount  Waas  to  Mesa 

Mesa  to  Tavaputs 

Treasury  Mountain  to  Tavaputs 

Treasury  Mountain  to  Mount  Waas 

Uncompahgre  to  Gunnison 

Uncompahgre  to  Mesa 

Uncompahgre  to  Mount  EKen 

Uncompahgre  to  Mount  Waas 

Uncompahgre  to  Tavaputs 

Uncompahgre  to  Treasury  Mountain 

Uncompahgre  to  Mount  Ouray 

Mount  Elbert  to  Treasury  Mountain 

Mount  Elbert  to  Uncompahgre 

Mount  Elbert  to  Mount  Ouray 

Mount  Elbert  to  Pikes  Peak 

Mount  Elbert  to  Bison 

Mount  Ouray  to  Treasury  Mountain 

Mount  Ouray  to  Gunnison 

18732 — No.  4 22 


m. 

m. 

m. 

294 -6 

5-4 

o=-f-4*6-A',o-|-^'« 

291  -6 

-I3-0 

I  301  -o 

3-7 

o=-i  0— Jl-,o-f^'i« 

I  301  -I 

—0*1 

365-2 

03 

o=-f6*2-.rxo-r^'i4 

357  -I 

4-8*1 

286-0 

I  2 

o=-h7*o  -^-,o-h^'i3 

278*2 

4-7-8 

453*9 

2  2 

o=-r9*9+^'8  -.t'» 

447 -2 

4  6*7 

64-9 

1-3 

0— r  4-1-  '^'«— -^M 

65-5 

4  o*6 

9-8 

0*9 

o=-r  I  '2— .r,2 1  .t-,3 

13*4 

-r3-6 

I  024*0 

2  2 

o=H-3*oi  .1-1, -,r„ 

I  022  *9 

4  IT 

321  '2 

4-9 

0—4  2*8-.r,2— .r,5 

321  '4 

-;o*2 

255 -6 

6*9 

o=-f  0  6    .r,4+ji',5 

256*0 

o*4 

398-4 

2  2 

o=-h2*6-H.r,5— ^,6 

400*1 

-r  17 

6566 

18 -I 

0=4  0*6    .rx4-r^,6 

656*1 

+0*5 

430-8 

II -3 

o=+o-2    .r,6-f^i7 

430-6 

-  0*2 

733-5 

52 

0— ^2*5-r.r,3  -;i',6 

735-0 

+  1-5 

82  0 

2  •! 

0— -r2-o  -;r,3^.r,4 

78  *9 

-^3*1 

305-6 

5-0 

0      \o  -6— .1,3-*  x\^ 

304-3 

+  1-3 

203-0 

3-1 

0— j-i  *o    .r,3^.r,5 

201  -4 

-i  1-6 

2257 

10 -I 

o=+o*7- .rx4  i  .Tx, 

225*4 

+0*3 

619*6 

3-4 

o=-o*4    ,r,4    x\% 

620*0 

4-0  4 

396 -6 

5-1 

o=-}-i  *6-.r,7f,r,8 

394-6 

-f  2  0 

103-6 

4-6 

0— -j-o  *6-  Xx^—x'i^ 

102  9 

40*7 

497*8 

2*6 

o=-J  o-2-.rx8-.rx9 

497-5 

-03 

253 -8 

3*3 

o=-|-o'8-i-jrx9    .rao 

254-1 

0-3 

747-3 

30 

0— +3-7— -*'i8f-l'2o 

751-6 

+  4-3 

I  074-6 

6*8 

0=:-f0*6  — X3o-}-^t'« 

I  074*5 

4  o*i 

322  '2 

4-7 

0— ho*8-r't-,8---^*ai 

322*9 

-ro*7 

709-1 

3-1 

0—  t  5*1— -^w-f-**" 

706*7 

-12*4 

371  -I 

3-0 

0=4-1  -i+jrax'-.r^ 

367-8 

4  3*3 

I    415   0 

2  *2 

o=-f3 -0-^21  ^-ras 

I  417-5 

+  2*5 

340-3 

1-4 

0—  r3-7--^*ao-h^'2s 

343  -0. 

4  2  '7 

2  012  '5 

8*o 

0—  ^o-5-.r23-h.ra4 

2  012  *7 

— 0*2 

I  308 -6 

2  -I 

0=  T  3*6  ♦    raa      .laj 

I  307-3 

+  1-3 

843-0 

05 

Rejected 

599 -5 

2  -2 

0=— I  -5-^'ao-f  1-23 

600 '6 

+  I-I 

I  673  -o 

0*8 

0— -(-20      .t-ax+-r,3 

I  675  -I 

+  2-1 

257-1 

5-6 

o=-fo*i-^-23^.ra5 

257-6 

0-5 

102-3 

6-3 

0=4-1*3    x\^-x^ 

101-5 

4-0*8 

298*1 

13-3 

0=-f0*I-f  Jas      X^^ 

297-7 

4-0 -4 

40  0 

2-9 

0=4-1  *0— .r23-h^a7 

40-1 

+0-I 

140*4 

10*3 

0=^1-6  -;ir264-.r27 

141  -6 

4-1  -2 

94-6 

3-5 

0=4-1  •2-f.a-37 

95*2 

4-0*6 

609*3 

5-8 

o=-ro-7-r^a7    ^'^ 

607-8 

1    0 

154 -8 

8*9 

0=4-1  -2— .r,54-^,6 

156*1 

-fi-3 

I  911-3 

17-5 

o=4-o*34-A'24— j-26 

I  911  -2 

+0'I 
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Stations.  A>i.  /.       Observation  equations.     Adjusted    Resid- 


AA. 


uals. 


m. 

m. 

m. 

Mount  Ouray  to  Bison 

469  o 

4-1 

0=-f-I-0— ;ra6+^a8 

466 -2 

-f2-8 

Mount  Ouray  to  Plateau 

2  608-9 

3'i 

0=-f  I  •l-|-*'a6 

2  609-8 

-fo-9 

Bison  to  Divide 

I  528-5 

7 '9 

o=-|-i  -7-^26 

I  528  4 

+0-1 

Pikes  Peak  to  Bison 

51  f '5 

16 -7 

0=-f2-7-.t,8 

512-6 

+  1-1 

Pikes  Peak  to  Mount  Ouray 

47-2 

5-4 

o=-f  I  -o-f^ae 

46-4 

-1-0-8 

No.  22. 


^^^ji^PromoTvtory 

WojdcLoup 


Ibepahy 


North 

A 


tNeho 


StototeMQAS 


60        40 


so 


20 


bekhb: 


10 


50 


100 


The  solution  of  the  28  normal  ecLuations  gave  the  corrections  to  the  assumed  heights 
and  the  following  values  for  the  adjusted  heights : 


Metres. 

Feet. 

Metres. 

Feet. 

Mount  Como 

2  748-2  = 

9  016 

Deseret 

3  367  -1  = 

u  047 

Pah-Rah 

2  513  '5 

8  246 

Scipio 

2  967  -0 

9  734 

Mount  Grant 

3  428  0 

II    247 

Wasatch 

3  397  -6 

II   147 

Carson  Sink 

2  680 -8 

8  795 

Patmos  Head 

3  003-0 

9852 

Toiyabe  Dome 

3  590  4 

II  779 

Mount  Ellen 

3  500 '6 

II  485 

Lone  Mountain 

2  776  -8 

9  no 

Mount  Waas 

3  754  7 

12  319 

Mount  Callahan 

3  "I '3 

10  208 

Tavaputs 

2  680 -2 

8793 

Diamond  Peak 

3  241  '3 

10  634 

Mesa 

3  047-9 

10  000 

White  Pine 

3  437  -I 

II  277 

Uncompahgre 

4  355  '3 

14  289 

Wheeler  Peak 

3  980-2 

13  058 

Gunnison 

2  342  -6 

7  686 

Pioche 

2  679-1 

8  790 

Treasurv  Mountain 

4  0977 

13  444 

Ibepah 

3  688-5 

12   ini 

Mount  Ouray 

4  253  -8 

13  956 

Tushar 

3  702  'O 

12   146 

Mount  Elbert 

4  395  '4 

14  421 

Mount  Nebo 

3  623  -I 

II   887 

1     Bison 

3  787  -6 

12  426 
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The  resulting  differences  of  height  and  the  residuals  from  the  observation  equations 
are  given  in  the  last  two  columns  of  the  preceding  table  of  differences  of  height. 

PROBABLE   ERROR   OF  AN   ADJUSTED    HEIGHT. 

The  probable  error  of  an  observation  of  unit  weight  is  found  from  the  expression 

e  =  o'SjA.  5  a/— ^ — =^-1  "^  which  the  d's  are  the  residuals  referred  to  above,  n  the  num- 
'  V    n—c 

ber  of  observation  equations,  and  c  the  number  of  normal  equations.     In  this  case 

^,=  d=  3'8i  metres. 

To  get  the  probable  error  of  an  adjusted  height,  we  must  divide  this  quantity  by  the 
square  root  of  the  weight  coefficient  derived  from  the  normal  equations.  The  computa- 
tion was  made  for  Deseret,  being  the  station  nearest  the  Salt  Lake  Base,  with  the  result 
p  =  yH'j2  and  probable  error  of  the  height  of  Deseret  =  zfc  i"94  metres.  This  must  be 
increased  somewhat  for  the  uncertainty  of  the  starting  heights  at  the  two  ends  of  the 
triangulation.  For  the  probable  error  of  the  height  of  the  Salt  Lake  Base  ±2*5  metres 
has  been  adopted. 

For  determining  the  elevation  of  the  SaU  Lake  Base  and  stations  in  the  vicinity ^  we 
"have  the  heights  of  three  stations  fixed  by  the  preceding  adjustment,  viz : 


Metres. 

Ibepah 

3  688-5 

Deseret 

3  367  -I 

Mount  Nebo 

3  623  -I 

From  spirit  leveling  by  the  party  of  Assistant  Eimbeck  in  1888  and  1896  we  have 
Salt  Lake  Northwest  Base  above  Salt  Lake  Southeast  Base  18*023  feet  =  549  metres, 
and  United  States  Engineers*  Observatory'  (transit  pier)  above  Salt  Lake  Northwest  Base 
141*824  feet  =  43*23  metres.     The  approximate  heights  of  the  remaining  stations  are : 


Metres. 

Pilot  Peak 

3  269-f-^, 

Ogden  Peak 

2  925+-^. 

Antelope 

2  01 7-1^^3 

Promontory 

2  0164  ^^4 

Waddoup 

I  lio^x^ 

City  Creek 

I   883-^6 

Salt  Lake  Northwest  Base  f 

I    296-^^7 

Salt  Lake  Southeast  Base 

I  296      5  5=1  29o-5-h^7 

United  States  Engineers'  Observatory 

I  2964-43*2=1  339 '2-1-^7 
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The  computed  differences  of  heights  with  their  weights  and  the  corresponding 
observation  equations  are  ^iven  in  the  following  table.  The  long  line  from  Ibepah  to 
Ogden  Peak  is  rejected  : 

4.    TABLE   OF   DIFFERENCES   OF   HEIGHT. 
Stations.  A  A.  P  Observation  equations,    adjusted    Resid- 


Ibepah  to  Pilot  Peak 

Ibepah  to  Ogden  Peak 

Mount  Nelx)  to  Pilot  Peak 

Mount  Nebo  to  Ogden  Peak 

Deseret  to  Pilot  Peak 

Deseret  to  Ogden  Peak 

Deseret  to  Antelope 

Deseret  to  Waddoup 

Deseret  to  Promontory 

Pilot  Peak  to  Ogden  Peak 

Pilot  Peak  to  Promontory 

Pilot  Peak  to  Antelope 

Ogden  Peak  to  Antelope 

Ogden  Peak  to  United  States  Engi- 

neers'  Observatorj' 
Ogden  Peak  to  Waddoup 
Ogden  Peak  to  Promontory 
Ogden  Peak  to  Southeast  Base 
Ogden  Peak  to  Northwest  Base 
Antelope  to  Promontory 
Antelope  to  Waddoup 
Antelope  to  Southeast  Base 
Antelope  to  Northwest  Base 
Waddoup  to  Southeast  Base 
Promontory  to  Northwest  Base 
Promontory  to  Waddoup 
Northwest  Base  to  Southeast  Base 
Antelope  to  City  Creek 
Ogden  Peak  to  City  Creek 


m. 
420*9 

7487 

349  7 

695*3 
98-1 

443*4 

1  352  4 

2  059  4 

I  353  '8 
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I  252-1 

I  250-8 

908 -o 

I  585*9 

I  615-4 
909  3 

I  634 -2 

I  6287 

1  '5 
708-1 

726*2 

720  9 

17-8 
719*2 
704-8 

4*8 

133*5 
I  042*5 


5*1 
0-4 

07 

27 

6-8 

8*8 

20 '6 

12*5 
8-9 

3*5 
3*4 

2  -2 

74 -o 
472-0 

57*8 
18 -6 

75*5 

79*4 

66-1 

149  o 

113-2 

121  -6 

62  *7 

29*3 
30  *r 

232*8 

26*7 

197 


o=-ri  •4-t-^i 
Reject 
0=  -  4  '4    .r, 
o=-h2*8    .ra 
0=    o  -o-r  -I'l 

o=-i  •34-^'» 
0=-,  2*3  I  jr, 
0=  f  2  -3-^  ,1-5 
o=-h2  7  ^.r^ 

0=-l-2  "9-^  .1',-   ,Va 
0=      0-91  Xi  —A. 

0=^1  -2  -.r,  -,r 

0=      O  -0-*  X^-   A 
0=-f-0*I       X3-.X 

0=  I  o*4     -Ta-r-l 

0=4-0*3         .1*3    *    X 

o=-to*3  +  .r3    .1 

0=  ♦  O  -3  *  Xo      .X 

0=40-5     X^-  X 
0=  -  I  -I     .r,-  .1 
o='0-3-.r,    .1 
0=4^0*1 4 -i'3    -» 
0=  I  I  •74--»'5  --*' 
0=  -  o  -8^  x^    .1 
o=-ri  '2^x^-.x 
By  spirit  levels= 
0=  -^o  -5  ^  .1*3  -.1-6 
0=40-5-^-3^-^-6 


421  *i 

355  7 

699  3 

99  7 

443*3 

1  351  *4 

2  059  3 

1  353*2 

343  "6 

I  253*5 

I  251  7 

908-1 

I  5857 

I  616  'O 

909*9 

I  634-4 

I  628*9 

1-8 

707  9 

726-3 

720-8 

18 '4 

719*0 

706-1 

(5*49) 

133*9 
I  042  *o 


uals. 


m. 

-  0*2 

--6-0 

+  4"o 
-1-6 
i  0*1 
4  I  -o 
— o*i 
•o*6 
-25 
-  I  '4 
^0-9 
-f  o-i 

-^0*2 

-0-6 
0-6 

-^0-2 

-  0-2 

-03 

-|0-2 
40-1 

-  O'l 

-fo-6 

— 0-2 

-*  1*3 
40-4 

-rO-5 


The  solution  of  the  resulting  normal  equations  gave  the  corrections  to  the  approxi- 
mate heights  and  the  following  values  of  the  adjusted  heights: 


Pilot  Peak 

Ogden  Peak 

Antelope 

Promontory 

Waddoup 

City  Creek 

Salt  Lake  Northwest  Base 

Salt  Lake  Southeast  Base 

United  States  Engineers'  Observa- 
tory transit  pier 


Metres. 

3  267  -4 
2  923  -8 
2  015-7 
2  013-9 
I  307-8 
I  881  -8 
I  294-9 
I  289-4 


Feet. 
10  720 

9  592 

6613 
6  607 
4  291 
6  174 
4  248 
4  230 


I  338*1     =       4  390 


TRANSCONTINENTAL  TRIANGULATION — PART   II — HEIGHTS. 


341 


The  height  of  this  pier  as  given  by  Lieut.  G.  M.  Wheeler  in  his  report  on  Survej^'S 
West  of  the  One  Hundredth  Meridian  is  4  374  feet,  based  on  railroad  levels  at  Ogden, 

For  determining  the  elevation  of  the  bench  mark  at  Grand  Junction  Standpipe 
there  are  the  following  differences  of  height : 


Stations. 

AA. 

A 

Adjusted        Resid- 
AA.             uals. 

m. 

m. 

Tavaputs  to  Chiquita 

73*3 

2-8 

74  '5            I  '2 

Mesa  to  Chiquita 

442-3 

17-8 

442  -2               0  -I 

Mesa  to  Standpipe 

I  643 -2 

20 -I 

I  642  -6           0  -6 

Tavaputs  to  Standpipe 

I  273-6 

9-6 

I  274  -9            I  -3 

Chiquita  to  Standpipe 

I  200-4 

1 10 -4 

I  200-4             O'O 

Resulting  heights— Chiquita 

z  605  5 

metres  —  8  549  feet. 

Grand  Junction  Standpipe  i  405  -3  metres  =  4  611  feet. 

A  line  of  levels  was  run  by  the  party  of  Assistant  W.  Eimbeck  in  1895  between 
the  Standpipe  bench  mark  and  the  ground  in  the  center  of  the  track  in  front  of  the 
Denver  and  Rio  Grande  Railroad  station  at  Grand  Junction,  which  showed  the  latter 
point  to  be  27*27  feet  lower  than  the  bench  mark  to  which  the  vertical  measures  refer. 
Hence  the  elevation  of  roadbed  at  Grand  Junction  station  is  4  584  feet.  In  Bulletin 
No.  76  of  the  United  States  Geological  Survey  this  height  is  given  as  4  579  feet,  as 
derived  from  the  railroad  levels. 

The  height  of  the  track  at  the  summit  of  Marshall  Pass,  as  determined  from  zenith 
distances,  measured  at  Mount  Ouray  is  3  302*3  metres,  or  10  834  feet.  The  height  of 
the  same  point  derived  from  railroad  levels  is  10  841  feet. 

For  the  height  of  Mount  Conness,  in  California,  we  have  from  reciprocal  zenith 
distances  Mount  Conness  408*7  metres  higher  than  Mount  Grant,  or  3  836*7  metres 
high,  and  from  zenith  distances  at  Round  Top  and  an  assumed  coefficient  of  refraction 
Mount  Conness  higher  than  Round  Top  669  metres,  or  3  834*6  metres  high.  The 
weights  of  the  two  determinations  are  6*4  and  5*3,  respectively;  hence  the  weighted 
mean  result  is  3  835*8  metres,  or  12  585  feet.  Notwithstanding  this  seeming  accord 
w^e  place  little  reliance  upon  this  result  on  account  of  the  weakness  of  connecting*  obser- 
vations with  the  main  series  of  heights.  The  result  may  be  taken  rather  as  an  upper 
limit.  A  communication  from  the  Director  of  the  United  States  Geological  Survey,  dated 
November  15,  1898,  gives  the  approximate  height  of  Mount  Conness  12  556  feet,  as 
determined  from  a  combination  of  two  lines  of  spirit  levels  and  measures  of  vertical 
angles,  the  former  operation  starting  from  San  Francisco  Bay  at  Oakland.  The  United 
States  Engineers  gave  the  height  12  552  feet  (determined  in  1878-79).  The  difference 
between  these  results  is  t^^^^i.  or  ^Id  part  of  the  height. 

We  conclude  this  paper  by  giving  a  few  comparisons  with  heights  roughly  deter- 
mined, all  except  two  being  barometnc.  Some  are  by  the  United  States  Engineers  in 
connection  with  their  early  explorations  of  the  Rocky  Mountain  region  in  part  traversed 
by  our  triangulation,  and  are  published  in  United  States  Geographical  Surveys  West  of 
the  One  Hundredth  Meridian,  etc.,  Captain  G.  M.  Wheeler,  United  States  Army,  1883, 
Washington,  D.  C,  1885,  and  some  by  Dr.  Haydenand  Major  Powell  in  connection 
with  their  early  geological  surveys. 


■^The  station  Mount  Connes3  was  introduced  into  the  triangulation  eleven  years  after  the  work  in  this  region  had 
been  done,  and  when  it  was  then  too  expensive  to  secure  full  connection  with  other  stations. 
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Elevation  in  fe«t  from— 

Pikes  iPeak  (U.S.Sig.O. )  from  levels 
Bison  (Hayden) 
Mount  Ouray  (Hayden) 
Mount  Elbert  (Hayden) 
Mount  Elbert  (U.S.E.) 
Treasury  Mountain  (Hayden) 
Uncompahgre  (Hayden) 
Uncompahgre  (U.S.E.) 
Mount  Waas  (Hayden) 
Mount  Ellen  (Powell) 
•  Patmos  Head  ( Powell ) 

Beaver  or  Baldy  (I'.S.E.) 

Tushar  or  Mount  Belknap  ( Powell ) 

Tushar  or  Mount  Belknap  (U.S.E.) 

Ogden  Peak  or  Observatory  Peak  (U.S.E.) 

Antelope  (U.S.E.) 

Ogden  Observatory  (U.S.E.)  from  levels 

Pilot  Peak  or  Pilot  Knob  (U.S.E.) 

Wheeler  Peak  or  Union  Peak  (U.S.E.) 

Toiyabe  Dome  or  Poston  (U.S.E.) 

Mount  Grant  or  Cory  (U.S.E.) 

Mount  Como  (U.S.E.) 

Considering  the  means  available  at  the  time  of  the  early  determinations,  the  differ- 
ences above  indicated  are  not  excessive. 


Id  deterrai- 

Cuattt  and 
Geodetic 

Ulftil^JIlcl. 

Survey. 

14  134 

14   108 

12  237 

12  426 

14  043 

13  956 

14  101/ 

14  421 

13  200 

J3  444 

14  2351 
14  408/ 

14  289 

12  561 

12  319 

II  410 

II  485 

9  830 

9  852 

II  730 

12  085 

12  200^ 
II  894/ 

12  146 

9589 

9  592 

6  660 

6613 

4  374 

4  390 

10  758 

10  720 

13  063 

13  058 

II  978 

II  779 

II  326 

II  247 

9  017 

9  016 

PART    III. 
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III.  THE  MAIN  TRIANGULATION  BETWEEN  CAPE  MAY, 
N.  J.,  AND  POINT  ARENA,  CAL,  AND  ITS  CONNEC- 
TION WITH  THE  BASE  NETS.     . 


A.  INTRODUCTION. 

In  this  part  of  the  account  of  the  arc  devoted  to  the  triangulation  proper,  there  is 
given  for  each  series  a  sketch  with  general  description  of  the  region  traversed.  Reference 
is  made  to  facilities  found  or  obstructions  encountered. 

There  are  also  introduced  a  few  photographic  illustrations  relating  to  instruments, 
topography,  or  field  work  of  the  party  that  may  possess  special  interest. 

It  was  thought  unnecessary  to  burden  this  part  with  a  description  of  the  stations, 
as  had  been  done  for  the  base  nets,  since  such  detailed  descriptions  are  on  file  in  the 
Archives  of  the  Survey  and  copies  can  be  furnished  on  application  by  anyone  who  may 
require  them.  An  exception  was  made  with  the  high  mountain  stations  in  the  western 
part  of  the  arc,  for  which  abbreviated  descriptions  w^ere  introduced,  omitting  topographic 
sketches. 

This  triangulation  extends  over  a  distance  of  about  4  425  kilometres,  or  2  750  statute 
miles,  measured  along  its  middle  course  or  axis,  and  is  most  conveniently  described  and 
treated  by  considering  it  in  parts  or  subdivisions  made  by  the  interspersed  base  nets. 

These  divisions  of  the  triangulation  will  be  treated  and  referred  to  under  the  follow- 
ing designations: 


SUBDIVISION. 

1  Atlantic  coast  to  Kent  Island  Base 

2  Kent  Island  Base  to  St.  Albans  Base 

3  St.  Albans  Base  to  Holton  Base 

4  Holton  Base  to  Olney  Base 

5  Olney  Base  to  American  Bottom  Base 

6  American  Bottom  Base  to  Versailles  Base 

7  Versailles  Base  to  Salina  Base 

8  Salina  Base  to  El  Paso  Base 

9  £1  Paso  Base  to  Salt  Lake  Base 

10  Salt  Lake  Base  to  Yolo  Base 

11  Yolo  Base  to  Pacific  coast 


NAME  OF  CHAIN   OP  TRIANGUI*ATION. 

The  Eastern  Shore  series 

The  Allegheny  series 

The  Ohio  series 

The  Indiana  series 

The  Illinois  series 

The  Missouri  series 

The  Missouri-Kansas  series 

The  Kansas-Colorado  series 

The  Rocky  Mountain  series 

The  Nevada  series 

The  Western  or  Coast  Range  series 
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B.  THE  DISTRIBUTION  OF  THE  BASE  UNES  ALONG  THE  ARC. 

The  distribution  of  the  base  lines  as  parts  of  the  connected  chain  of  triangles  stretch- 
ing from  ocean  to  ocean,  is  shown  by  the  table  below,  which  gives  the  distance  of  each 
base  (middle  poiiit)  from  its  next  neighbor  to  the  westward,  as  measured  along  the  middle 
of  the  intervening  triangulation. 

ADJACENT  BASE  I^INES.  APPROXIMATE  DISTANCES. 


Kilometres. 

Statute  miles. 

Kent  Island  to  St.  Albans 

545 

339 

St.  Albans  to  Holton 

330 

205 

Holton  to  Olney 

238 

148 

Olney  to  American  Bottom 

»74 

108 

American  Bottom  to  Versailles 

241 

150 

Versailles  to  Salina 

419 

260 

Salina  to  El  Paso 

605 

376 

El  Paso  to  Salt  Lake* 

653+217 

406+135 

Salt  Lake*  to  Yolo 

854+217 

531-135 

The  distance  from  Kent  Island  to  the  capes  of  the  Delaware  Bay  is  180  kilometres, 
or  112  statute  miles,  nearly,  and  the  distance  from  the  Yolo  Base  to  Point  Arena  on  the 
Pacific  186  kilometres,  or  115  statute  miles.  Total  development  across  the  continent 
4  425  kilometres,  or  2  750  statute  miles,  nearly. 

C.  GENERAL  METHOD  OF  TREATMENT  OF  THE  TRIANGULATION. 

Each  link  of  triangulation  connecting  two  adjacent  base  nets  is  adjusted  by  itself 
in  order  that  its  geometrical  conditions  be  satisfied,  and  in  addition  thereto  that  the 
lengths  of  two  base  'ines  be  in  accord.  The  linear  dimensions  of  the  base  nets,  as  given 
in  Part  I,  are  taken  as  fixed,  and  the  dispersion  of  any  discrepancy  between  them  as 
indicated  by  the  intervening  triangulation  is  thrown  upon  the  latter. 

As  in  the  case  of  the  treatment  of  the  base  nets,  a  sketch  and  an  abstract  of  the 
results  of  the  local  or  station  adjustment  f  of  the  horizontal  direction  measures  is  given  for 


♦The  middle  of  Salt  Lake  Base  is  in  longitude  112°  04'  and  lies  about  azy  kilometres  (135  statute  miles)  to  the  north 
of  the  middle  line  of  the  triangulation  between  the  El  Paso  and  Yolo  bases;  the  direct  distance  between  these  base  lines 
is  I  507  kilometres  or  937  statute  miles,  nearly. 

fThe  station  adjustment  of  observed  directions  is  carried  out  as  usual  by  Bessel's  method;  the  observations  are 
taken  as  of  equal  weight  and  the  resulting  directions  (or  angles)  are  directly  introduced  into  the  triangulation,  where 
they  are  made  subject  to  a  further  adjustment— namely,  that  known  as  Wicjigure  adjustment.  The  full  application  of 
Bessel's  method  (Oradmessung  in  Ostprcusscn,  etc,  by  K,  W.  Bessel,  Berlin,  1838;  §  15  and  g  34;  also  Clarke's  Geodesy, 
Oxford,  18S0,  pp.  233-237;  and  Wright's  Adjustment  of  Observations.  New  York,  1884,  p.  315  and  fol.)  demands  the  carrying 
over  of  the  local  weight  conditions  into  the  general  conditions  of  the  triangulation,  a  process  which  is  not  followed  on 
the  Survey  where  the  two  dissimilar  operations  are  kept  distinct,  for  the  following  satisfactory  reasons:  In  the  first 
place,  in  any  extended  or  complicated  triangulation  the  establishment  and  simultaneous  .solution  of  a  large  number  of 
equations,  as  demanded  by  theoretical  rigor,  Ixrcomes  unwieldly  and  may  become  impracticable,  and  the  labor  should 
be  lessened  by  any  concession  to  the  demands  of  expediency  that  can  be  justified.  Secondly,  the  consideration  of 
different  weights  to  the  results  from  the  local  adjustment  of  measures  of  directions  favors  separate  treatment  of  local 
and  figure  adjustments,  since  the  errors  met  with  and  inherent  to  the  second  operation  are  of  an  entirely  distinct 
character  from  those  developed  in  the  local  adju.stment;  thus,  for  in.stance,  effects  of  imperfect  centering  of  instrument, 
defective  position  of  heliotrope  sighted,  persi.stent  local  deflection  of  line  of  sight,  and  particularly  effect  of  local  deflec- 
tion of  the  vertical  at  a  station,  are  all  sources  of  error  which  form  no  part  of  the  discrepancies  met  with  in  the  local 
measures,  whereas  they  appear  fully  in  the  discords  found  in  the  sums  of  angles  of  the  triangles  or  in  the  ratios  of 
their  sides.  The  discrepancies  in  the  local  measures  are  for  the  greater  part  due  tc  defective  graduation  or  want  of 
Adjustment  of  instrument,  to  irregular  lateral  refraction,  defective  illumination  of  object  sighted,  and  to  other  causes. 
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each  station;  this  is  followed  by  the  presentation  of  the  conditional,  the  correlate,  and 
the  normal  equations  of  the  general  or  figure  adjustment,  together  with  the  resulting 
corrections  and  the  finally  adjusted  triangle  sides  and  angles. 

There  is  appended  to  each  abstract  of  directions  at  a  station  the  probable  error  of 
a  single  measure,  i.  e.,  of  a  pointing  and  readings  with  telescope  direct,  motion  forward 
in  series,  and  a  pointing  with  readings  with  telescope  reversed,  motion  backward  in  series. 

Its  value  is^,=  ^/-     ^-^    ,  ,       where  n  —  number  of   observations,  s  =  number    of 

\  w  —  J  —  a  +  I 

series,  and  d  —  number  of  directions,  and  ^" A'  the  sum  of  squares  of  differences  from 
the  true  values.  In  a  few  exceptional  cases  where  repeating  theodolites  w^ere  used,  six 
repetitions  direct  and  six  repetitions  reversed,  combined  to  a  mean,  may  be  taken  as  a 
unit  of  measure  and  is  so  indicated.  A  rough  approximation  for  the  probable  error  of 
a  resulting  direction,  as  given  for  instance  in  the  case  of  the  Yolo  Base  Net,  niay  be  had 


by  ^,=--  \- T- ,-i s:-T  ;  here  s  =  number  of  series  for  the  particular  direction. 

^    '      \(j— i)  (diag.  coeff.)  ^ 

These  probable  errors  are  introduced  for  the  purpose  of  giving  in  a  general  way  informa- 
ion  respecting  the  performance  of  the  instrument. 

D.  THE  PRECISION  OF  THE  ADJUSTED  TRIANGULATION. 

For  the  purpose  of  obtaining  an  approximate  measure  of  the  precision  reached  for 
the  various  parts  of  the  triangulation,  the  following  formulae  and  method  were  made 
use  of.     The  mean  error  of  any  angle  of  an  adjusted  series  of  triangles  is  given  by  the 

formula  m  =  J^M  where  m  =  mean  error  of  an  angle. 

V,  ^a  .  .  .  ^n  =  corrections  to  the  directions  due  to  the  adjustment  of  the  triangula- 
tion. 

c  =  number  of  conditions  involved. 

Supposing  all  angles  of  unit  weight,  we  have  for  the  reciprocal  of  the  weight  of  a 
side  the  expression  *  — 


«n 


hence  for  the  mean  error  of  the  side  a^  the  relation  Wa„=  fn^ 

here  A  =  angle  adjacent  to  a  base  and  opposite  to  the  next  or  continuation  base  side  of 
a  string  of  triangles  between  the  sides  a^  and  a„. 

B  =  angle  opposite  a  preceding  base  side. 

6a  =  tabular  logarithmic  difference  of  a  unit  of  length  of  the  side  «». 


^In  the  Ordnance  Survey  of  Great  Britain  and  Ireland.  London,  1S58,  p.  421,  the  expression— 

iyyfyilcota  a^+COta,  COt^«+COt»  fi^) 

tor  the  probable  error  of  the  side  A^  is  quoted  from  Laplace's  Thterie  analytique  des  probabilit6s.    When  put  in 

convenient  shape  for  logarithmic  computation,  we  have  the  form  as  given  in  the  text.  Cf-  T.  W.  Wright's  "  Treatise  on 
the  adjustment  of  observations,"  New  York,  1S84,  pp.  324,  234:  also  W.  Jordan's  "  Vermessungskunde."  Vol.  Ill  (1896)  p 
110,  and  A.  R.  Clarke's  '  Geodesy,"  Oxford,  1880,  pp.  64,  226. 
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S^  and  ^jg  =  tabular  logarithmic  differences  corresponding  to  a  change  of  i"  in  the 
angles  A  and  B  in  a.  table  of  logarithms  of  sines. 

Ua^  and  tna^=  the  reciprocal  of  the  weight  of  side  an  and  its  mean  error  respectively. 

In  applying  the  above  formulse  to  an  extended  triangulation,  such,  for  instance,  as 
joins  two  adjacent  base  nets,  or,  as  in  another  case,  reaches  from  a  base  net  to  the  coast 
line,  we  can  suppose  the  same  to  be  made  up  of  a  string  of  single  triangles  between  the 
initial  and  final  sides.  This  selected  chain  of  triangles  should  be  composed  of  the  best 
shaped  and  best  measured  triangles,  and  their  number  should  be  as  small  as  may  be. 

The  probable  error  of  any  side  of  a  series  of  triangles  due  to  the  angular,  measures 
can  thus  be  computed,  and  when  combined  with  that  arising  from  the  measure  of  the 
base  and  the  angles  of  the  base  net,  the  probable  error  of  any  side  w^ill  become  known, 
and  when  expressed  in  terms  of  its  length  the  relative  precision  of  the  triangulation  can 
be  deduced. 

For  any  line  between  two  base  nets  let  p^  and  p^  be  its  weights  deduced  when  passing 
to  it  from  either  base  net;  then  P~p^-\'p^  and  the  probable  error  of  the  fine  =  i\^]p[ 
In  passing  through  the  triangulation  in  opposite  directions  the  A's  and  B's  remain  the 
same,  but  there  is  an  interchange  of  the  letters.  To  find  the  uncertainty  in  the  developed 
length  of  a  triangulation,  it  was  divided  into  suitable  sections  and  the  probable  error  of 
each  junction  line  was  computed  as  above.  Then  the  proportional  error  for  each  section 
is  taken  as  the  mean  beween  the  corresponding  probable  errors  of  the  terminal  lines.  This 
proportional  probable  error  multiplied  by  the  length  of  the  section  gives  the  probable 
error  of  the  length,  and  the  sum  of  these  quantities  for  the  several  sections  gives  the 
probable  error  of  the  developed  length  of  the  triangulation. 


E.  LENGTH  OF  SIDES  OF  BASE  NETS. 

The  following  table  contains  the  logarithms  of  the  length  of  sides  required  for 
establishing  the  equations,  which  bring  the  adjacent  base  nets  into  accord.  Later  these 
same  logarithms  serve  for  the  triangle  side  computations: 

r 

Recapitulation  of  resulting  lengths  of  sides  of  base  nets  which  form  the  connection  of  adjacent  bases  by 

means  of  the  intervening  triangulations. 

Ptx>bable  error  of  length 


In  units 

Base  net. 

Connecting  side. 

I«ogarithm  of 
length. 

of 

seventh 

place  of 

log. 

In 
metres. 

In  parts  of 
length. 

Kent  Island  Base,  Mary- 

Finlay to  Pooles  Island 

4*419  418  8 

•    •   ■    ■ 

•    ■   •    • 

•    •   •   • 

land 

Finlay  to  Linstid 

4  "550  316  3 

±40 

• 

±o'33 

107*0ff5 

Pooles  Island  to  Linstid 

4*462  716  4 

•    •   •    • 

•  •  •  • 

•    •    •    ■ 

Webb  to  Marriott 

4  -392  324  7 

39 

0*22 

TTI^OOO 

St.   Albans    Base,   West 

Summersville  to  Ivy 

4  *888  948  7 

27 

0*48 

T5T^050 

Virginia 

Piney  to  Pigeon 

4  *378  842  6 

22 

0*I2 

TTr^UTTTf 

Holton  Base,  Indiana 

Reizin  to  Culbertson 

4  -387  791  5 

15 

o*o8 

l^l^iSJilS 

Green  to  Stout 

4  '453  827  3 

14 

0*09 

TTr^vTJTJ 
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Recapitulation  0/ resulting  lengths  of  sides  of  base  nets  which  form  the  connection  of  adjacent  bases  by 

means  of  the  intervening  triangulations — Continued. 

Probable  error  of  length 


In  units 

Base  net. 

Connecting  side. 

I^ogarithm  of 
length. 

of 

seventh 

place  of 

log. 

In 
metres. 

In  parts  of 
length. 

Olney  Base,  Illinois 

Hunt  City  to  Oblong 

4-156   114  3 

15 

0-05 

^J^^^s^ 

Hunt  City  to  Newton 

4-307  622    I 

15 

0-07 

2Viy^^5 

Hunt  City  to  Claremont 

4  '535  016  4 

15 

0-12 

IfT   ffUff 

American   Bottom  Base, 

Sugarloaf  to  Clarks  Mound 

4-164  534  3 

57 

0-19 

T7  *000 

Illinois 

Clarks  Mound  to  Dreyer 

4-149  726  7 

52 

0-17 

j-rh^ji 

Minoma  to  Insane  Asylum 

4  025   166  I 

53 

0-13 

?r^ff?jo 

Insane  Asylum  to  Kleinschmidt 

4  065  715  2 

58 

0-15 

78  huTS 

Versailles  Base,  Missouri 

Christian  to  Belshe 

4  -486  091  7 

17 

0-I2 

zzis^dJia 

Hubbard  to  Hughes 

4 '439  731  T 

13 

008 

llJ^lSJSli 

Christian  to  High  Point 

4-187  515  2 

17 

0-06 

Slf7^0ffI7 

High  Point  to  Belshe 

4  -305  854  3 

17 

008 

2  5T    OTJff 

Salina  Base^  Kansas 

Vine  Creek  to  Iron  Mound 

4  -534  704  9 

16 

0-13 

i^i^jsmn 

Thompson  to  Heatli 

4  -499  188  0 

22 

o-i6 

TVT^^TJB 

El  Paso  Base,  Colorado 

Divide  to  Big  Springs 

4  -623  059  03 

12 

0-12 

ssoSoo 

Big  Springs  to  Holcolm  Hills 

4  -452  618  46 

12 

o-o8 

ssoSoo 

Salt  Lake  Base,  Utah 

Ibepah  to  Mount  Nebo 

5  -265  702  68 

16 

0-67 

173^7^ 

Pilot  Peak  to  Ibepah 

5-124  323  42 

■   •   »   ■ 

•   •   •   • 

•     ■     •    « 

Yolo  Base,  California 

Mount  Helena  to  Mount  Diablo 

5  -032  332  46 

ir-9 

0295 

f«5^(J0"ff 

Mount  Tamalpais  to  Mount  Diablo 

4  -779  637  67 

13-0 

o-i8 

395^000 

F.     THE  TRIANGULATION. 

I.      THE   EASTERN   SHORE  SERIES   OF  TRIANGLES,    1844-45    AND    1896-97. 

{a)  Introduction. 

Before  it  was  contemplated  to  measure  an  arc  of  parallel  in  latitude  39® ,  there  had 
already  been  made  a  geodetic  connection  between  the  Kent  Island  Base  and  the  Capes 
of  the  Delaware  Bay;  this  old  triangulation  extended  up  the  Chesapeake  Bay  to  its  head 
and  crossed  over  to  the  Delaware  Bay  and  down  that  bay  to  its  Capes. 

On  examination  it  was  found  to  possess  insufficient  strength  and  undesirable  linear 
extension  for  incorporation  into  the  transcontinental  triangulation,  and  in  consequence 
a  new  and  more  direct  connection  was  made  in  1896-97. 

This  field  work  proved  one  of  great  difficulty,  although  the  direct  distance  is  not 
much  over  135  kilometres  or  84  statute  miles.  The  length  of  the  triangulation  measured 
from  the  middle  of  the  lines  Finlay  to  Linstid  and  Cape  May  Light  to  Cape  Henlopen 
Light,  and  along  the  middle  of  the  series,  is  about  140  kilometres  or  87  statute  miles. 

The  new  triangulation  was  in  charge  of  F.  W.  Perkins,  Assistant  Coast  and  Geodetic 
Survey,  by  whom  the  following  description  of  the  region  covered  and  the  means  employed 
by  him  was  furnished: 

The  Eastern  Shore  section  crosses  the  Delaware  Bay,  the  State  of  Delaware,  the  Eastern  Shore 
of  Maryland,  the  Chesapeake  Bay,  and  terminates  on  the  high  land  north  and  south  of  Baltimore;  one- 
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third  being  over  water  and  two-thirds  over  land.  The  land  rises  gradually  from  the  marshy  shores  on 
the  western  side  of  Delaware  Bay  to  an  elevation  of  70  feet  near  the  center  of  the  peninsula,  and  again 
falls  away  to  the  Chesapeake,  the  surface  inequalities  being  nowhere  considerable.  It  rises  again 
from  the  deeply  indented  shore  line  on  the  western  side  of  the  Chesapeake  to  80  feet  at  Linstid  south 
of  Baltimore,  and  to  480  feet  at  Finlay  to  the  north,  with  well-marked  irregularities  of  surface.  The 
land  is  generally  under  a  high  state  of  cultivation  with  extensive  areas  of  orchards:  but  with  only 
occasional  clumps  of  forest  growth,  excepting  on  the  flanks  of  the  peninsular  crest. 

To  overcome  the  natural  and  artificial  obstructions,  high  signals  were  found  necessary;  at  six  o 
those  on  the  peninsula  the  instrument  was  mounted  120  feet  (36"6  metres)  above  the  ground,  and  tlit 
targets  observed  on  were  in  some  instances  as  much  as  260  feet  (79:2  metres)  above  the  ground.     The 
latter  were  so  carefully  secured  by  opposing  wire-guys  that  no  movement  observable  'in  the  transi . 
telescopes,  mounted  for  the  purpose,  was  produced  by  two  or  three  men  swaying  upon  the  guys. 

No.  24. 


OabornjBS  Huarv 


TurkjeyPoinJb 


North. 
A 


Parcdlel  or 39' 


Statute  Milea 


90 


M> 


Oape^  HerUopartLt. 


Respecting  the  number  of  positions  or  the  number  of  repetitions  taken  by  the  several 
observers  with  their  several  instruments,  no  definite  statement  can  be  made  except  that 
a  sufficient  number  of  series  of  six  repetitions  of  the  angles  were  secured,  and  that  in 
case  of  observations  of  directions  by  Assistant  Perkins's  party  the  circle  was  used  in 
twelve  positions  with  at  least  two  complete  series  in  each. 

With  a  view  of  reducing  the  labor  of  adjustment  as  much  as  possible  without 
perceptible  sacrifice  of  accuracy,  the  triangulation  has  been  adjusted  in  two  sections  with 
the  single  line  Hartly  to  Kent  in  common.  In  the  first  part  18  conditions  and  in  the 
second  part  15  conditions  had  to  be  satisfied. 


—  Traiisi'otiliHnitat  JVi((»yu/o(iw 
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(d)  Abstract  of  residting  horizontal  directions  at  each  station  from  local  and  from  figure 

adjustment, 

[Abstract  of  directions  at  stations  of  part  (i).] 

Linsiid^  Anne  Arundel  County,  Maryland.  May  24  to  June  26,  1848.  60-centinietre  theodolite, 
No.  2.  A.  D.  Bache,  observer.  January  8  to  January  31,  1897.  30-centimetre  theodolite,  No.  16. 
F.  W.  Perkins  and  W.  B.  Fairfield,  observers.     Telescope  above  ground  27*89  metres  in  1897. 


No.  of 
direction. 

objects  observed. 

Resulting  direc- 
tions from  station 
adjustment. 

Corrections 

from  base-net 

adjustment. 

\_orrccnoiis 

from  base-net 

and  figure 

adjustment. 

Pinal  seconds 

in 
triangulation 

0 

/ 

// 

// 

// 

// 

Finlay 

0 

00 

00 'OO 

+0-70 

00-70 

Pooles  Island 

46 

42 

57  73 

— o-i8 

57*55 

4 

Clough 

69 

13 

0773 

+0-72 

08-45 

Swan  Point 

77 

13 

16-97 

—0-52 

16  45 

5 

Hope 

102 

07 

23-10 

4-0 '95 

24*05 

Kent  Island  North  Base 

140 

56 

37-60 

—0-26 

37*34 

Taylor 

175 

43 

02-43 

+0-75 

03-18 

Marriott 

209 

40 

II  -23 

—0-50 

10-78 

Webb 

275 

58 

53*59 
Mean 

-I-0-02 
0-00 

53*61 

Probal 

)le  error  of  a  single 

observation  of 

a  direction— 

{D.  andi?.) 

=  -»-i'^-ia 

•  in  1848. 

(6  D,  and  6  A*.)  =  ±0^^-73  in  1897. 

Finlay^  Baltimore  County,  Maryland.  August  29  to  September  11,  1844.  60-centimetre  theodolite, 
No.  2.  J.  Ferguson,  observer.  October  15  to  December  27,  1896.  30-centimetre  theodolite, 
No.  16.     G.  A.  Fairfield,  observer.     Telescope  above  ground  1-5  metres  in  1896. 


// 


// 


// 


// 


I 

Osbornes  Ruin 

2 

Still  Pond 

Pooles  Island 

3 

Clough 

Linstid 

Webb 

Rosanne 

0 

00 

00-00 

30 

48 

41  '95 

48 

03 

34*15 

-fo-48 

55 

23 

20-93 

lOI 

36 

01  -26 

—0-72 

127 

'9 

37*46 

-rO-25 

159 

25 

03-26 

Mean 

00c 

--0-17 

00-17 

0-88 

41-07 

34-63 

-0-79 

20*14 

00-54 

3771 

Probable  error  of  a  single  observation  of  a  direction —        {D.  and  R.)        =  ±  i^''52  in  1844. 

(6  D.  and  6  ^.)  =  ±0^^-65  in  1896. 


Pooles  Island,  Harford   County,  Maryland. 

No.  II. 


May   17  to  May  27,    1848. 
E.  Blunt,  observer. 


30-centimetre   theodolite, 


Swan  Point 

' 

Linstid 

Finlay 

6 

Osbornes  Ruin 

7 

Turkey  Point 

0 

/ 

// 

// 

// 

// 

0 

00 

00-00 

4-0-30 

00-30 

36 

22 

15*13 

40-17 

15*30 

116 

06 

54*92 

0-47 

54*45 

170 

34 

t 

06-56 

—  I  -20 

05*36 

225 

05 

01  -56 
Mean 

— o-oi 

01-55 

000 

Probable  error  of  a  single  observation  of  a  direction  ( 6  D.  and  6  R.)=^±:c/^  -69. 
18732 — No.  4 23 
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(d)  Abstract  of  resulting  horizontal  directions  at  each  station  from  local  and  from  figure 

adjustment — Continued. 

Hope^  Queen  Anue  County,  Maryland.     November  9  to  December  29,  1896.     30-centimetre  theodolite, 

No.  37.     F.  W.  Perkins,  observer.     Telescope  above  ground  37*03  metres. 


No.  of 
direction. 

Ob 

28 

Linstid 

29 

Clough 

30 

Still  Pond 

31 

Barclay 

32 

Kent 

Objects  observed. 


Resulting  directions  ^^tlt^^jfJlV^I^S™        Final  seconds 

from  sution  adjustment.    fi^Jfendjusfment.      trian^lation. 


o  /  // 

o  00  OO'OO 

38  17  0679 

73  55  56-23 

129  50  3505 

184  18  04  '64 


// 
-o'57 
-0-85 
-fo-41 
-ho '94 
-t-o'o6 


ff 


59*43 
05*94 
56-64 

35*99 
04*70 


Probable  error  of  a  single  observation  of  a  direction  (6  D,  and  6  ^. )  =  ±:  o'^  '57. 


Barclay^  Queen  Anne  County,  Maryland.  January  3  to  February  17,  1897.  30-centimetre  theodolites, 
Nos.  16  and  37.  G.  A.  Fairfield  and  W.  B.  Fairfield,  observers.  Telescope  above  ground  27*89 
metres. 


35 

Still  Pond 

36 

Hartly 

33 

Kent 

34 

Hope 

0 

/ 

// 

// 

// 

0 

00 

00  "OO 

-fo-3o 

00*30 

"5 

57 

00 -02 

+033 

00-35 

178 

56 

52-85 

-i-o*30 

53*15 

267 

59 

30-19 

-094 

29*25 

Probable  error  of  a  single  observation  of  a  direction  (6  D.  and  6  ^. )  =  ifco'^  "j\. 

Osbomes  Ruin,  Harford  County,  Maryland.  September  23  to  October  2,  184/^.  60-centimetre  theodo- 
lite. No.  2.  J.  Ferguson,  observer.  August  17  to  September  20,  1896.  30-centimetre  theodolite, 
No.  16.     G.  A.  Fairfield,  observer.     Telescope  above  ground  14*17  metres  in  1896. 


// 


8 

9 
10 

II 

12 


Turkey  Point 

Still  Pond 

Clough 

Pooles  Island  81 

Finlay  158 


o    00  00  'oo 

34    55  30-47 

70    51  37*77 

27  17  '53 

56  33*29 

49  48-33 


-}-0*II 

-fo*i3 
— o  '09 
— o*o6 
—0*09 


// 

00 'ii 

30*60 
37*68 

1 7 '47 
33*20 


Principio  324 

Probable  error  of  a  single  observation  of  a  direction —        (D,  and  R.)        =  ih  i''-33  in  1844. 

(6  Z?.  and  6  i^. )  =  zfc  0^^*35  in  1896. 

lurkey  Point,  Cecil  County,  Maryland.  May  31  to  June  17,  1845.  60-centimetre  theodolite.  No.  2. 
J.  Ferguson,  observer.  September  30  to  October  19,  1896.  35-centimetre  theodolite.  No.  10.  J. 
Nelson,  observer.     Telescope  above  ground  2*08  metres  in  1896. 

o 

26  Pooles  Island  o 

27  Osbornes  Ruin  44 
Principio  131 
Buck  2  196 
Still  Pond  320 


25 

Probable  error  of  a  single  observation  of  a  direction- 


/ 

// 

// 

// 

00 

00  'OO 

4065 

00*65 

01 

4872 

-0*44 

48*28 

14 

41*24 

36 

01  -81 

56 

58-83 

— 0*20 

58-63 

(Z>.  and  R.)  =  ±L  i^'-49  in  1845. 
\d,  and  ^. )  =  rb  0^^*62  in  1896. 
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(^)  Abstract  of  resulting  horizontal  directions  at  each  station  front  local  and  from  figure 

adjustment—  Continued. 

Clough^  Kent  County,  Maryland.    August  17  to  October  19,  1896.     30-centimetre  theodolite,  No.  135. 

Telescope  above  ground  23*32  metres.     W.  B.  Fairfield,  observer. 


No.  of 
direction. 

Objects  observed. 

16 

Still  Pond 

17 

Hope 

13 

Linstid 

14 

Finlav 

15 

Osbornes  Ruin 

Resulting  directions 
from  station  adjustment. 

o       /  // 

o     00     OO'OO 

90  03  44-90 

198  52  25  -31 

263  26  41  -03 

299  58  23  -58 


Corrections  from         Final  seconds 

base-net  and  in 

figure  adjustment.       triangulation. 


// 
— 024 
-fo-49 
—0-31 
—  I -So 
+  1-85 


// 


5976 

45*39 
25-00 

39*23 
25*43 


Probable  error  ol  a  single  observation  of  a  direction  (/?.  and  R. )  =  db  o^^'88. 


Still  Pond y  Kent  County,  Maryland      August  19  to  October  31,  1896.     3o-centin:etre  theodolite.  No. 

37.    Telescope  above  ground  37*03  metres.     F.  W.  Perkins,  observer. 


// 


// 


// 


21 

Clough 

22 

Finlay 

23 

Osbornes  Ruin 

24 

Turkey  Point 

18 

Hartly 

19 

Barclay 

20 

Hope 

0 

00 

00-00 

— o-i8 

59*82 

58 

52 

00-65 

-{-I  -22 

01  -87 

84 

02 

19-46 

+0-13 

19*59 

146 

02 

00  39 

— 004 

00 '35 

249 

38 

35*97 

—0  -71 

35*26 

273 

37 

44-66 

—0-29 

44*37 

305 

42 

35*16 

—0-14 

35  "02 

Probable  error  of  a  single  observation  of  a  direction  (6  D,  and  6  ^. )  =  d:  0^^-59. 

Hartly^  Kent  County,  Delaware.  September  5  to  September  14,  1896.  30-centimetre  theodolite.  No, 
145.  Telescope  above  ground  37*03  metres.  J.  Nelson,  observer.  October  31, 1896  to  January  4. 
1897.  35-centimetre  theodolite,  No.  10.  Telescope  above  ground  31-34  metres.  J.  Nelson  and 
W.  B.  Fairfield,  observers. 


37 

Kent 

^    38 

Barclay 

39 

Still  Pond 

Mahon 

Stone 

0 

00 

// 
00-00 

// 
037 

// 

0 

59  63 

73 

23 

04-60 

—0-32 

04  28 

"3 

26 

55*36 

+0-69 

56-05 

268 

21 

29  49 

— O'lO 

29  •39 

302 

01 

54*00 

+  1*34 

55  *.34 

Probable  error  of  a  single  observation  of  a  direction  (Z?.  and  ^. )  =  i  0^^-85 

AVfi/,  Kent  County,  Delaware.     October  28  to  December  10,  1896.     30-centimetre  theodolite.  No.  135, 

Telescope  above  ground  38*56  metres.     W.  B.  Fairfield,  observer. 


42 

Hartly 

Mahon 

Stone 

40 

Hope 

41 

Barclay 

0 

/ 

// 

// 

n 

0 

00 

00-00 

-fo-36 

00-36 

47 

34 

08-56 

—074 

07  -82 

86 

42 

27 -68 

-0-38 

27  30 

279 

53 

00-96 

—0-07 

00  89 

316 

22 

57*30 

—0*29 

57 -oi 

Probable  error  of  a  single  observation  of  a  direction  {D.  and  A*. )  =  ±:  o^''75. 
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(d)  Abstract  of  resulting  horizontal  directions  at  each  station  from  local  and  from  figure 

adjust  jne7it — Continued. 

[Abstract  of  directions  at  stations  of  part  (2).] 

Hartlyy  Kent  County,  Delaware.  Septemljer  5  to  September  14,  1896.  30-centimetre  theodolite,  No. 
145.  Telescope  above  ground  37*03  metres.  J.  Nelson,  observer.  October  31,  1896,  to  January 
4,  1897.  35 -centimetre  theodolite,  No.  10.  Telescope  above  ground  31*34  metres.  J.  Nelson, 
and  W.  B.  Fairfield,  observers. 


No.  of 
direction. 

Objects  observed 

Kent 

Barclay 

Still  Pond 

I 

Mahon 

2 

Stone 

Resulting 

directions  from 

station 

adjustment. 

o  /  // 

o  00  00  'oo 

73  23  04  60 

"3  26  55-36 

268      21       29  49 

302    01     54  -oo 


Corrections 

from  base-net 

and  figure 


Corrections 
from  second 
figure 


Final  seconds 
in 


adjUs'trent.      adjustment.     trianguUtion. 


// 


// 


// 


-0-37 
--0*32 

*  o  -69 


O'lO 

1*34 


59*63 
04  '28 

56-05 

29 '39 
55*34 


Mean  o  'oo 

Probable  error  of  a  single  observation  of  a  direction  ( D.  and  ^. )  =  r+r  ©'''•85. 

Kenty  Kent  County,  Delaware.     October  28  to  December  10,  1896.     30-centimetre  theodolite,  No.  135. 

Telescope  above  ground  38*56  metres.     W.  B.  Fairfield,  observer. 

Hartly 

3  Mahon 

4  Stone 
Hope 
Barclay 

Mean  o  "00 

Probable  error  of  a  single  observation  of  a  direction  (/A  and  R. )  =  ^^o'^"]^. 

Cape  Henlopen  Li^ht-housc,  Sussex  County,  Delaware.     May  24  to  June  21,   1896.     30-centimetre 
theodolite,  No.  16.     Telescope  above  mean  sea  level  3668  metres.     G.  A.  Fairfield,  observer. 


0 

/ 

// 

// 

// 

// 

0 

00 

00 -oo 

-^0-36 

00  36 

47 

34 

08-56 

-074 

07  '82 

86 

42 

27-68 

-0  -38 

27-30 

279 

53 

00  -96 

-  -0  -07 

00  89 

316 

22 

57*30 

-  0-29 

57 -oi 

No.  of 
direction. 

objects  observed. 

Resulting  direc- 
tions from  statio'' 
adjustment. 

Corrections 
from  figure 
Adjustment. 

Final  seconds 

in 
triangulation. 

Stone 

0          /           // 
0     00     tXJ  -OO 

0  03 

// 

31 

59  "97 

32 

Brandj'wine  Shoal  Light-house 

34     13     26  -27 

—0-27 

26-00 

33 

Cape  May  Light-house 

72      22      43  -32 

-  029 

43*61 

Probable  error  of  a  single  observation  of  a  direction  (6  D.  and  6  A*. )  :=  =*=  o^''*46. 

Drandywine  Shoal  Light-houst\  Kent  County,  Delaware.     June  4  to  June  12,  1896.     30-centimetre 

theodolite,  No.  37.     W.  B.  Fairfield,  observer. 


// 


// 


// 


25 
26 
22 

23 
24 


I  Cape  May  Light-house 

'  Cape  Henlopen  Light-house 

Stone 

Mahon 

Egg  Island  Light-house 
Probable  error  of  a  single  observation  of  a  direction  (6  D.  and  6  .^.)  =  :+r 


0 

00 

00 -oo 

59 

46 

25*73 

161 

12 

27-41 

196 

59 

28  -62 

240 

34 

06  -20 

-0  -87 

00*87 

0-45 

25  -28 

—0*03 

27  *38 

-0  '39 

28-23 

-j-o-oi 

06 -21 

/?.)- 

■+-0'' 

•53- 
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{d)  Abstract  of  resulting  horizontal  directions  at  each  station  from  local  and  from  figure 

adjustment — Continued. 

Mahon^  Kent  County,  Delaware.     July  28  to  August  30,   1896.     30-centimetre  theodolite,  No.  145. 

Telescope  above  ground  37*03  metres.    J.  Nelson,  observer. 


NO-  of 

direction. 

Objects  observed. 

Resulting  direc^ 

tions  from  station 

adjustment. 

Corrections 
from  figure 
adjustment. 

Pinal  seconds 

in 
triangulation. 

• 

0         /          // 

// 

// 

8 

Stone 

0     00     OO'OO 

+  1*39 

01 -39 

9 

Kent 

66    59    43-34 

-f  I  -oi 

44*35 

10 

Hartly 

107    47    07-96 

— o-o8 

07-88 

5 

Egg  Island  Light-house 

287    48    50  -22 

—0-40 

49-82 

6 

Cape  May  Light-house 

323     12     11*35 

— o'lS 

II  -19 

7 

Brandywine  Shoal  Light-house 

328    22    35-48 

-175 

33-73 

Probable  error  of  a  single  observation  of  a  direction  (Z>.  and  ^. )  =  d:  o^'"65. 

StonCy  Kent  County,  Delaware.    June  18  to  July  21, 1896.    30-centimetre  theodolite,  No.  145. 

above  ground  37*03  metres.    J.  Nelson,  observer. 

i  o    00    00  -00 

8  II  43-72 

44  20  32  -22 

173  32  28  -26 

208  51  59-81 

247  24  28  -10 

304      50      36  -21 

Probable  error  of  a  single  observation  of  a  direction  (Z?.  and  -^. )  =  =b  i^''-2o. 


Telescope 


// 


15 

Bran(l3rwine  Shoal  l/ignt-noi 

16 

Cape  May  Light-house 

17 

Cape  Henlopen  Light-house 

II 

Kent 

12 

Hartly 

13 

Mahon 

14 

Egg  Island  Light-house 

Egg  Island  Light-house^  Cumberland  County,  New  Jersey.    July  4  to  July  25,  1896. 

theodolite.  No.  37.     W.  B.  Fairfield,  observer. 


/» 


18 

Cape  May  Light-house 

0 

00 

00 -oo 

19 

Brandywine  Shoal  Light-house 

23 

46 

60-03 

20 

Stone 

69 

15 

59-85 

21 

Mahon 

119 

38 

37-87 

—0-05 

59-95 

-fo-29 

44-01 

-fo-68 

32*90 

-ho -19 

28*45 

—  I  -00 

58*81 

054 

27-56 

-fo-42 

3663 

*. )  =  =b  i^^-: 

20. 

ly  25,  1896. 

30-centimetre 

// 

ff 

4-0-18 

00*18 

—0-24 

59 -79 

—I  -21 

58*64 

+  1-27 

39-14 

Probable  error  of  a  single  observation  of  a  direction  (6  Z>.  and  6  -^. )  =  ±  0^^-75. 

Cape  May  Light-house^  Cape  May  County,  New  Jersey.    June  30  to  July  19,  1896.    30-centimetre 
theodolite,  No.  16.    Telescope  above  mean  sea  level  48-18  metres.     G.  A.  Fairfield,  observer. 


// 


// 


// 


27 

Cape  Henlopen  Light-house 

0    00    00 '00 

-fo-o8 

00*08 

28 

Stone 

71     28    28  '59 

-fo*55 

29  14 

9 

29 

Brand3rwine  Shoal  Light-house 

82    04    20  *49 

-1-68 

18 -81 

Mahon 

93    53 

23  97* 

30 

Egg  Island  Light-house 

118    51    24-17 

+I-05 

25-22 

Probable  error  of  a  single  observation  of  a  direction  (6  Z?. 

and  6^.)  = 

±  0^^-48. 

c  Computed  value. 
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No. 

I 

o 

2 

o 

3 

o 

4 

o 

5 

o 

6 

o 

7 

o 

8 

o 

9 

o 

lO 

o 

II 

o 

12 

o 

13 

o 

14 

o 

15 

o 

i6 

o 

17 

o 

i8 

o 

(^)  Figure  adjustment. 
Observation  equations  of  section  (/). 

+  1-41-  (1)+  (6)-(ii)-f  (12) 

-0-03-  (3)+  (4)-(i3)-f  (14) 

-2-68-.  (i)-f  (3)-(io)-f(x2)-(i4)  +  (i5) 

-3-o6-  (2)+  (3)-(i4)  +  (i6)-(2i)-h(22) 

-U2-37-     (l)-f     (2)-     (9)  + (12) -(22) +  (23) 

-f-o-39-  (8)-f  (9)  _  (23)  4- (24)  -  (25) -f  (27) 
-fo-o7-  (6)4-  (7)-  (8)4- (II) -(26) +  (27) 
+  0-87-    (4)+    (5)  + (13) -(17) -(28) +  (29) 

-  1-95  -  (i6)  +  (17)  -  (2o)  +  (21)  -  (29)  +  (30) 

-  1-92  -  (19)  +  (20)  -  (30)  +  (31)  -  (34)  4-  (35) 

-  1-46-  (18)  +  (19)  -  (35)  +  (36)  -  (38)  +  (39) 
+  2-35  -  (31)  +  (32)  -  (33)  -f  (34)  -  (40)  +  (41) 
-0-68+  (33)  -  (36)  -  (37)  +  (38)  -  (41)  +  (42) 

-  10  +  47-4(18)  -81-0(19)  +33*6(20)  +  14-3(30)  -  29*4(31)  +  15*1(32)  +  6*3(37)  -31*3(38) 
+  25-0(39)  +  28-5(40)  -  50-6(41)  +  22-1(42) 

-84+14-5(1)  -  34*7(3)  -  40-5(4)  +32-5(5)  +  29*1(9)  ~  29-8(10)  +0*7(12)  +  15*1(20) 

-  17*3(21)  +  2-2(23)  +  26-6(28)  —  56-0(29)  +  29*4(30) 

+  155  +  20*8(1)  -35*3(2)  +  14-5(3)  +  28*4(14)  -40-5(15)  +  12-1(16)  +  2-2(21)  -44-8(22) 
+  42-1(23) 

+  142-8-0(4)  +  15-0(6)  -0-7(10)  +4-6(11)  -3-9(12)  -  10*0(13)  +38*4(14)  -28*4(15) 
+  46 -  16-4(1)  +  35*3(2)  +  30*0(6)  -  15*0(7)  +  44*8(22)  -  56-0(23)  +  11-2(24)  +  2*5(25) 

-  21*8(26) +  19*3(27) 
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Correc- 
tions. 

C. 

c. 

C3 

C4 

C5 

(I 

—  I 

—I 

—  I 

(2) 

—  1 

-fl 

(3) 

—I 

-fl 

-fl 

(4) 

-fl 

(5) 

•      •     • 

•    ■    ■ 

•    •    • 

•    •    • 

•   •   • 

(6) 

-fl 

(7) 

(8) 

(9) 

—  I 

(10) 

•     •     • 

•    •    • 

—  I 

•     •     • 

■    •    • 

(") 

—  I 

(>2) 

+  1 

-fl 

-fl 

('3) 

—I 

(•4) 

+1 

—I 

—I 

(>Sl 

•     •     ■ 

•   •  • 

-fl 

•     ■     • 

•     ■     • 

(16) 

fl 

(•7) 

(18) 

(19) 

(2o) 

•      •     • 

•    •    » 

•         • 

■     •     ■ 

•     •     a 

(21) 

—  1 

(") 

•fl 

—  I 

(J3) 

■fl 

(24) 

(»5) 

•     •     • 

•   •   • 

•   •  • 

•    •    • 

•     •     ■ 

(26) 

(27) 

* 

(28) 

(29) 

(30) 

•     •     • 

•  •  • 

•  •  • 

•   •   • 

■     •     • 

(31) 

(32) 

(33) 

(34) 

(35) 

•     •      » 

•  •  • 

•  •  • 

•  •  • 

•     •    • 

(36) 

(37) 

(38) 

(39) 

(c)  Figure  ad/us/pien/-—Contm\ied. 

Correlate  equations,  part  (/). 

C«  C7  Ce 


—I 

+1 


—I 

+1 
—I 


-fi 


—  I 

-fi 


—I 

■fi 


•10 


C„ 


—I 

-fi 


-fi 


—  I 


—I 

-fi 


—I 

+1 


—I 

-fi 


—  I 

4-1 


•fi 


—I 

-fi 


—I 

-fi 


—I 

-fi 


~i 

-fi 

—  I 

4-1 


36o 


UNITED  STATES  COAST  AND  GEODETIC  SURVEY. 


(c)  Figure  adjustmait — Continued. 
Correlate  equations^  part  (/) — Completed. 


Correc- 
tions. 

C„ 

C,3 

Cx4 

C.5 

C,6 

C,7 

C.g 

(I) 

+  14 '5 

-f2o-8 

—16 -4 

(2) 

-35*3 

4-35-3 

(3) 

-34  7- 

.     4-14 -5 

(4) 

—40-5 

-  8-0 

(5) 

•      •     • 

•    •    • 

+32 -5 

(6) 

4-15  0 

-f-30-o 

(7) 

-15-0 

(8) 

(9) 

-1-29  I 

(lo) 

•      «      • 

ft    •     • 

—29-8 

-  07 

(") 

4-4-6 

(.2) 

•V  07 

-  3*9 

(13) 

— 10"0 

(14) 

+28-4 

4-38-4 

('5) 

•      •      • 

•     •    • 

•       •       a        ■       •       • 

-40-5 

—28-4 

(i6) 

4-12 -I 

(17) 

(i8) 

-f-47  -4 

(19) 

« 

—81  -o 

(20) 

•      •      • 

•     ■     • 

+33-6 

-fiS'i 

(21) 

"17-3 

4-2*2 

(22) 

-44-8 

4-44-8 

(23) 

-|  ■    2  "2 

4-42-6 

— 560 

(24) 

4-II  -2 

(25) 

•      •      * 

■     •     • 

4-  2-5 

(26) 

—21-8 

(»7) 

4-193 

(28) 

4-26-6 

(29) 

—56-0 

(30) 

•      ■      • 

•     •     • 

+14 -3 

+29-4 

(31) 

—  I 

-29  4 

(32) 

-M 

+15  •! 

(33) 

— I 

+  1 

(34) 

4-1 

(35) 

•  •  • 

•     •     > 

(36) 

—  I 

(37) 

—  I 

-f-  6-3 

(38) 

-fl 

-31-3 

(39) 

+25-0 

(40) 

—I 

•     •     • 

+28-5 

(4t) 

+1 

—  I 

-50-6 

(42) 

-Hi 

_L22  •! 

• 
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(c)  Figure  adjustment — Continued. 
Normal  equations^  part  (/). 


C, 

C, 

c, 

C4 

C5 

C6 

y-A- 

1-41 

+4 

-f2 

+  2 

-- 

003 

+4 

—  2 

—a 

— 

2-68 

+6 

+s 

+  2 

— 

306 

+6 

—  2 

t 

2*37 

■  ■  • 

•  •   • 

■  •  ■ 

•      •      • 

+6 

—  2 

+ 

o*39 

4-6 

+ 

0*07 

-f 

0-87 

— 

1*95 

— 

I  '92 

•  •  • 

•  •  • 

•  •  • 

•      •      • 

•  •  • 

. . . 

— 

I  '46 

C7 


Cg 


—  2 


—  2 


—  2 


Normal  equationSy  part  ( / ) — Completed. 

C,6 


c„ 

c. 

Cu 

C.5 

+ 

1-41 

-13*8 

— 

0-03 

-  5-8 

— 

2-68 

—187 

— 

306 

17-4 

+ 

2-37 

•  •  • 

•     •      • 

■      •      •      ■ 

407 

+ 

039 

+26  9 

+ 

0*07 

4 

0-87 

-9-6 

— 

1*95 

-19-3 

4-53  0 

— 

I  '92 

—2 

•     •     • 

4  70  9 

-14-3 

— 

I  '46 

—2 

— 72*1 

0=+ 

2-35 

+6 

—a 

-34-6 

— 

068 

+6 

4-35-1 

-«7 


-9  9 


—  10 
-84 

4-155 

4-142 

4-  46 


•to 


'IX 


-f2 

4-6 

-f6 

.—2 

+6 

—a 

»  •  « 

«  ■  • 

•      •      • 

+6 

—a 
+6 

-x8 


—20 -8 

46-5 

4  46  4 

4-13-9 

4-40-4 

-75-2 

—70-0 

-fi6-4 

-13-5 

-38-4 

+9-5 

-^3I-3 

-  3*9 

-49-1 

—42*6 

4840 

—  10 '4 

-3*9 

—  2-0 

-f  927  78 

-fii  086*24 

-145-89 

4-342  -13 

—361  -oo 

4-8  308  -84 

+2  24076 

5  979  -85 

4-2  706-98 

4450  00 
4-8  762  -51 
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Resulting  values  of  correlates  and  of  corrections  to  angular  directions: 


// 

// 

// 

C,=-o-385  2 

C,o=-f  I'ooi  4 

(i)=-f-o-i7S              1 

[i5)=+i-853 

(29) =-0-854 

C,=-fi-425  I 

C„=-|-o-697  2 

(2)=-o-885              1 

;i6)=— 0*236 

(3o)=+o  -415 

€3= -0079  5 

C„=+o  -063  6 

(3)=-o-788             ( 

;  17)=- 1-0 -491 

(3i)=-f  0-944 

C4=-f-i*253  3 

C,3=+ 0-368  2 

(4)=4-o72S             i 

;i8)=-o-7o8 

(32) =4-0 -060 

C5=-fO-220  7 

C,4=— o'ocx)  224 

(5)=-ho-948             ( 

;  19)=— 0-286 

(33)=-fo-305 

C<F=4o  158  9 

Cx5=+o-oo6  482 

(6)=-i  -196             i 

[20)==— 0-137 

(34)=-o-938 

Cy— — 0269  I 

Ct6=— 0-02I   500 

(7)=~o-oo9             { 

;2i)=— 0-184 

(35)=+o-304 

C8=-f-o737  6 

C,7= -0-037    392 

(8)=-fo-iio             j 

[22)=-f-i  -220 

(36)=-ho-329 

C9=4- 1*229  0 

C,8=— 0-0I7  312 

(9)=  4-0 -127              1 

[23)=-fo-i30 

(37)=-o*37o 

(io)=— o*c88             1 

[24)=-o-035 

(38)=-o  -322 

(ii)=— 0-056             i 

[25)=— 0 -202 

(39)=4-o-692 

(i2)=-o-094              1 

[26) =-1-0-646 

{40)=— 0-070 

{i3)=_o-3f4              1 

[27)=-o-444 

(41) =-0-293 

(i4)=~i-795              ( 

[28)  =-0-565 

(42) =4-0-363 

No 

I 

2 

3 

4 

5  i 
6 

7 
8 

9 
10 

II 
12 

13 
14 
15 


(r)  Figure  adjustment. 
Observation  equations  0/ section  {2), 

o=-ri73-    (0  4-    (3)-    (9)  4- (10) 

o  =  +  2-9i-    (2)4-    (4) -(11)4- (12) 

0  =  4-  2-53  -  (25)  +  (26)  -  (27)  4-  (29)  -  (32)  -h  (33) 

o=-5-24-    (5)'4-    (8) -(13)  4- (14) -(26)  4- (21) 

0=  - 3-i8  ~  (18)  4-  (19)  -  (24)  -r  (25)  -  (29)  4-  (30) 

0=  -0-91  -  (15)  4-  (17)  4-  (22)  -  (26)  -  (31)  4-  (32) 

0=4-  2-8i  -  (15)  -r  (16)  4-  (22)  -  (25)  -  (28)  4-  (29) 

o=-o-56-    (5)--    (7) -(19)  4- (21) -(23) +  (24) 

o=-3-28-    (7)4-    (8) -(13)  4- (15) -(22)  4- (23) 

0=4-0-76-    (3)4-    (4)-    (8)4-    (9)-(ii)4-(i3) 

0=4  15 +  31*6(1)  -44*8(2)  -45*0(3)  4-25-8(4)  4-8-9(8)  -33*3(9)  4-24-4(10)  4-297(11) 

—  56-1(12)  4-26-4(13) 
0=  -  204  4  24-6(5)  - 58-8(7)  4- 34*2(8)  4- 13*4(13)  -  28-1(14)  4- 147(15)  4-  207(19)  -  38-1(20) 

-r  17-4(21)  4-  29-2(22)  —  51*3(23)  4-  22-1(24) 
0=  -f  257  -f  124-6(15)  -  146-2(16)  4-  21-6(17)  4-  2-9(27)  -  112-5(28)  4- 109-6(29)  4- 30-9(31) 

-577(32)  + 26-8(33) 
o=-384-f  I47(U)  -  160-9(15)  4-146-2(16)  4-47*8(18)  -68-5(19)  -[-207(20)  4- 112-5(28) 

— 140-7(29)  -  28-2(30) 
0=  +  274  4-  24-6(5)  -  333*2(6)  +  308-6(7)  4-  47-8(18)  -  45-6  (19)  -  2-2(21)  -  100-6(23) 

4- 100-6(25)  —  28-2(29)  4-  28-2(30) 
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(c)  Figure  adjustment — Continued. 
Correlate  equationSy  part  (2). 

C4       C5  C6  C7  C8  C9  Cio  Cix  Cia 


Correc- 
tions. 

(I) 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 
(8) 

(9) 
(10) 

(") 
(12) 

(13) 
(M) 

(15) 

(16)  I 

(17)  ' 
(18) 

(19) 
(20) 

(21) 

(23) 

(23) 
(24) 
(25) 
(26) 

(27) 
(28) 

(29) 
(30) 

(3» 
(32) 
(i3) 


Ca        C3 


C«3 


Cm 


Cx5 


—  I 


+  1 


— 1 


+x 


—  I    ... 


+1 


—I 


+1 


- 1 

+  1 


—I 

+1 


—  X 

+1 


-  I 


+1 


—I 

+1 


«    •  • 


—I 

+1 

«  •   • 

-I 

f  I 

•  •  •   • 

-  I 

•    •  «    • 

+1 

•    ■  •    • 

+1 

—  I 

•    •  •    ■ 

+1 

•  «  •   « 

—  I 

+1 

—I 

■^  i 

-I 

+1 

—  I 

+1 

... 

*  *  •   • 

+1 

—I 

•    •   •    • 

—  I 

+1 

—  I 

I   •  •    • 

+1 

—  I 

+1 


+31-6 

-44-8 

—  I 

-45  "0 

+1 

+25-8 

•  •  * 

■  ■  •   • 

•  •  •  • 

+  24-6 

«    •    •    • 

•  •  •  • 

+    24-6 

-333 -2 

—  I 

-58 -s 

+308-6 

+1 

—  I 

+1 

+8-9 
-33  "3 

+34*2 

• 

■  •   • 

•   •  •    ■ 

—  I 

+24-4 
+297 
-56-1 

•  •  •   • 

•    •   •    ■ 

•    •  •    ■ 

•  •  ■  • 

—  I 

+1 

+26-4 

+  13  "4 
-28-1 

+147 

+1 

•  •  •   • 

t  «  •  • 

+  147 
+207 

+  124 -6 
—  146-2 

+    21-6 

—  160  9 

+  146-2 

+  47 -S 
-68-5 

+  47 -S 
-  45-6 

•  •    • 

•    ■   ■    * 

■  •  •  • 

—38-1 
+  17*4 

■  •  •  • 

+  20-7 

•  •  •  • 

—      2-2 

•  I 

+  29 -2 

+1 

-51-3 
+  22-1 

—  100-6 

•  •   • 

•  •  •  • 

•  •  a  • 

■    •   •    ■ 

•  ■  •  • 

+    2-9 

-112-5 
+109-6 

■  •  •  • 

+  112-5 
-140-7 

+  100-6 

—    28-2 

•  •  • 

•  •  •  • 

•  •  •  • 

•    •   •    • 

■  •  •  • 

+    28 -2 

-f-    28-2 

+1 


+  30 '9 
-  57  7 
+  26-8 


0-  + 

173 

+ 

2-91 

+ 

2-53 

— 

5  24 

- 

3-x8 

— 

0*91 

+ 

2-81 

— 

0-56 

— 

3  28 

+ 

0-76 

+ 

15 

-204 

+257 

-384 

+274 

Normal  equations,  part  {2), 

Ci      Ca      C3      C4      C5      C6      C7      C8      C9     Cio          Cix                  Cxa  Cx3                   C14 

+4  -2  -18-9 

+  4  +2  —15-2 

+6             —2-2     +2  4-191-2            -140-7 

.+6                               +2     +2     -2          -17  "5          +23-6  -    6-0 

+6     ...     —2     —2     ....           —     1-4  — 109*6            +  52-6 

+6    +2             -2                                      +  14-5  -191-6           +160-9 

+6              -2                                       +  14'5  -  48-7            +  53  "9 

+6     -2                                       -  13:3  +  68-5 

+6    —2           -17  "5          +  13*8  +124-6            -160-9 

+6  +25-3  -20-8  

+  12  205-96        +658  14 

+12  573-10  +  I  831-62    —  4  984-92 

+67045-32    -6949955 

+88  132-90 

•       •          •••          ■«■          «••          ••              •••          ••■          •••          ••■          •*«                                »•••                                ••••  ••••                                   •■•• 


•«s 


-I2S-8 

-  26 -s 

+  636 

-128-8 

+428  0 

-409  -2 

•  •  •   ■ 

-13  3^1  "94 

-  3  09^  72 

+  10  171  -42 

+233  061  (0 

364 


No. 


UNITED   STATES   COAST   AND  GEODETIC   SURVEY. 
Resulting  values  0/ correlates  and  0/  corrections  to  angular  directions. 


C  x=-f  O  '002 

Ca  —I -186  5 

C  3  — o  -041  667 

C  4  -fo  762  67 

C  5  -f  o  '594  30 

Cft  +0*413  U 

C7  —1*8766 

Cg  +0*152  44 

C  9  -f  o  *855  46 

C,o  +0-892  72 

c„  -0*003  340 

Cm  +0*020  420 

C,3  +0-0I2   498 

C,4  -0*015  745 
C,5=— o-ooo  494  4 


// 


(I 

(2 

(3 
(4 
(5 
(6 

(7) 

(8 

(9 
10 

II 

12 

13 

14 

15 
16 

17 


:— 0"I04 

=+1*336 

=-o*744 

:— 0-380 

=  —0-400 

:-  0-165 
=  -1752 

=+1-394 

:+I  -006 
:— 0-084 

=  +0*195 
: -0*999 

=  -o  -540 

:+0  -420 
:— O  -046 
:+0  -287 
=+0*683 


(18 

(19 
(20 

(21 
(22 

{23 

(24 

(25 
(26 

(27 
(28 
(29 

{30 
(31 
(32 

(33 


:+0  -182 
=  —0*237 
:— 1*215 
:-^I  -269 
:— O  -034 
: -0-394 
: +  0-009 

=  +0-873 

=  -0*455 
=  +0*078 

^ +0*553 
=-1-683 

:  +  I  -052 
:— 0*027 
:— 0*266 
=  +0  -293 


(^)  Adjusted  triangles^  Maryland^  Delaware ^  and  New  Jersey, 


Stations. 


Observed  angles. 


Osbornes  Ruin 
I  K  Pooles  Island 
Finlay 

Clough 
Linstid 
Finlay 

Clough 
3  \   Finlay 

Osbornes  Ruin 

Still  Pond 

Clough 

Finlay 

Still  Pond 
Clough 
Osbornes  Ruin 


o 

77 

54 


/ 
29 

27 


// 
15-76 
12  'II 


48    03     34*63 


02  -50 

64  34  1572 
69  13  07  *03 
46    12    39  -61 


02  -36 

36  31  4255 
55  23  20  93 
88  04  55-52 

59  00 
58  52  00  -65 
96  33  18 '97 
24  34  38-98 


58-60 
84  02  19  -46 
60  01  36  -42 
35  56  07-30 

03-18 


Correc- 
tions. 

// 
—0-04 

—  I  '20 

—0*17 


—1-48 
+0*72 

+079 

+3-65 
—0*96 
—0*01 


Spher-  Spher- 
ical        ical 

angles,  excess. 

//  // 

15  72  o  *37 

10  '91  o  *36 

34  '46  o  *36 


14*24 

0775 
40*40 

46*20 
19*97 

55 '51 


+1  '40  02  -05 

+  1*56  20 -53 

+0  'lo  39  '08 

+0*31  19*77 

—2  -09  34  '33 

— o  *2i  07  *09 


1  '09 

079 

o*8o 
o*8o 

2  39 
0*56 

056 

0*56 

1*68 

0-55 
056 

055 

1*66 

039 
0*40 

0*40 
I  '19 


Log  s, 

4  -419  418  8 
4  *34o  289  4 
4  -301  337  o 

4  *550  316  3 
4  -565  358  I 
4  *453  046  8 


Distances 
in  metres. 


26  267  *50 
21  892  *20 
20  014  '14 


35  507  -19 

36  758  *53 
28  382  *25 


4  *340  289  4  21  892  '20 

4  -481  014  2  30  270  *I2 

4  565  358  o  36  758  52 

4  565  358  o  36  758  -52 

4  '630  050  5  42  662  -91 

4  '251  910  9  17  861  *2I 

4*481  014  2  30  270*12 

4*421  013  9  26  364.16 

4  *25I  910  9  17  861  *2I 
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(flf)  Adjusttd  triangles,  Maryland,  Delaware,  and  Neic  Jersey — Continued. 
No.  Stations. 


Still  Pond 
Finlay 
Osbornes  Ruin 

Turkey  Point 
Still  Pond 
Osbornes  Ruin 


Turkey  Point 
8  \   Pooles  Island 
Osbornes  Ruin 

Hope 

Linstid 

Clough 


10 


II 


12 


13 


" 


Hope 
Clough 
Still  Pond 

Barclay 
Hope 
Still  Pond 

Ilartly 
Barclay 
Still  Pond 

Kent 
Hope 
Barclay 

Kent 

Barclay 

Hartly 


Correc-      ^P^^*""      ^P^^^^' 
Observed  angles.        ♦i^„c         ^^^^  *^^^  ^8  ^• 


tions. 


angles,      excess. 


Distances 
in  m  tres. 


// 


// 


// 


// 


25 

10 

18 -81 

1 

—  I  -09 

1772 

0*40 

4  -340  289 

4 

21 

892-26 

30 

48 

41  -95    ; 

—  I  06 

40  89 

040 

4-421  013 

9 

26 

364*10 

124 

01 

02  82  ! 

—0*22 

02  -60 

0-41 

4  -630  050  5 

42 

662  -91 

03  -58    , 

1 

I  -21 

83 

04 

49  '89 

—0-24 

49*65 

0-30 

4-421  013 

9 

26 

364-16 

61 

59 

40  93 

—0*17 

4076 

0-30 

4-370  lOI 

9 

23 

447  '79 

34 

55 

30*47 
01  '29 

-ho -02 

30  49 

030 
0  -90 

4  -181  967 

8 

15 

204-35 

44 

01 

4872 

I  09 

47-63 

0-39 

4*301  337 

0 

20 

014-14 

54 

30 

55-00 

t  I  -19 

56-19 

039 

4*370  loi 

8 

23 

447  '78 

81 

27 

17 '53 



01-25 

—0-17 

17-36 

0*40 

I -18 

4  -454  483 

8 

28 

476  -32 

38 

17 

0679 

— 0-29 

06-50 

057 

4  -453  046 

8 

28 

382  -25 

32 

54 

15*37 

—0  -22 

15*59 

057 

4  -395  942  3 

24 

885  -27 

108 

48 

40-41 
02-57 

-0-80 

39*61 

0-56 
I  -70 

4-637  115 

2 

43 

362  -59 

35 

3« 

49*44 

-i-i  -27 

5071 

0-38 

4*251  910 

9 

17 

861  -21 

90 

03 

44  '^P 

-ro-73 

45  *63 

0-37 

4  486  395 

3 

30 

647  *52 

54 

17 

24  -84 
59*18 

—0-05 

24*79 

0-38 
1*13 

4  '395  942 

5 

24 

885  -28 

92 

00 

29-81 

-^i  24 

31*05 

0-35 

4  '486  395 

3 

30 

647  *52 

55 

54 

38  -82 

^0-53 

39*35 

0-35 

4  -404  779 

8 

25  396  -85 

32 

04 

50  50 
59*13 

-0-I5 

50  65 

0-35 
I  05 

4 -21 1  848 

5 

16 

287  -28 

40 

03 

5076 

•  I  'OI 

51*77 

0-31  • 

4  -404  779 

8 

25 

39685 

"5 

57 

00 -02 

-roo3 

00  -05 

0-31 

4  -549  977 

2 

35  479  *48 

23 

59 

08-69 
59*47 

^042 

09  -11 

* 

0-31 
0-93 

4-205  203 

2 

16 

039*96 

36 

29 

56-34 

—0-22 

56-12 

0-31 

4 -211  848 

5 

16 

287  -28 

54 

27 

29 '59 

-0-89 

28*70 

0-31 

4*347  931 

0 

22 

280-81 

89 

02 

37  -34 
03  -27 

-I  -24 

36-10 

0-30 
0-92 

4*437  412 

3 

27 

378  -67 

43 

37 

02  70 

-ho-66 

03*36 

027 

4-205  203 

2 

16 

039  '96 

62 

59 

52  -83 

0-03 

52  -80 

0  -27 

4*316  327 

I 

20 

717-01 

73 

23 

04  60 

-10  05 

04-65 

027 

4*347  931 

0 

22 

280-81 

00-13 


o-8i 
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(d)  Adjusted  Mangles,  Maryland,  Delaware,  and  New  Jersey — Continued. 


No. 


15 


17 


19 


20 


21 


22 


23 


Stations. 


Observed  angles. 


Mahon 

Kent 

Hartly 


40 
47 
91 


/  // 

47  24  -62 

34  08  '20 

38  30*14 


Stone 
Kent 
Mahon 


02  '96 

35  19  31 '55 
86  42  27  -32 

57  58  05*63 

04-50 

73  51  59*84 
39  08  19  12 

66  59  43*34 


Stone 
1 8  \   Hartly 
Mahon 


02  '30 

38    32     28  29 

33    40    24-51 

107    47    07  "96 


Egg  Island  L.  H. 

Stone 

Mahon 


0076 
50  22  38  '02 
57  26  08 '11 
72     II     0978 


55*91 
BrandywineShoalL.H.  35    47    01 -21 

Stone  112    35    31*90 

Mahon  31     37     24-52 


57*63 
BrandywineShoalL.H.  79    21     38*79 

Stone  55    09    23  79 

Egg  Island  L.  H.  45     28    59  '82 

02  '40 
Brandy  wine  Shoal  L.H.  43  34  37  -58 
Mahon  40  33  45  '26 
Egg  Island  L.  H.              95     5 1     37  '84 

00 -68 

Cape  May  L.H.  10    35     51  90 

Stone  8     1 1     43  -72 

Brandy  wine  Shoal  L.  H .  1 6 1     12     27-41 

03  03 


Cor«c-    Spher-    Sph^r- 


tions. 

// 
—I  '09 

-074 

-fo'io 


-I  -19 

-0-38 

■1*34 


•73 
-ho  36 

-039 

4-0-46 

4-i"44 
—I  -48 

4-2-48 
+0-96 
-I-I-80 

—0-36 
-ho '49 

+315 

-ho  05 

-0-47 
—0-98 

+0-40 
-2-35 

+  i'5i 

—2  -24 

-f  o  -33 
— o  -90 


angles,  excess. 

if  // 

23  -53  o  -41 

07  -46  o  -41 

30  -24  o  -41 


30-36 
26  94 
04*29 

59*11 
19*48 

42-95 

28-75 

25*95 
06-48 

40-50 
09-07 
11-58 

00-85 

32-39 
27-67 

38-84 

23*32 

58-84 

37-98 
43*91 
39*35 

49*66 

44-05 
26-51 


I  -23 

0-53 
0-53 
0-53 

1*59 
0-51 

0-52 

0-51 

1*54 
0-39 

0-39 

0  40 

1  -18 
0-38 

0-39 
0-38 

1*15 
030 

o  31 

0-30 

o  '91 
o*34 
0-33 
033 


I  00 
0-41 
0-42 
0-41 

I  '24 
0*07 
0-07 
o-o8 

0-22 


Log  J. 


4  -316  327  I 

4-369  331  2 
4  -501  046  o 


Distances 
in  metres. 


20  717-01 
23  406-22 
31  699  03 


4-316  327  I  20  717-01 

4-553  521  7  35  770-23 

4  -482  506  7  30  374  -33 

4-501  046  o  31  699-03 

4-318  662  2  20  828-70 

4  -482  506  7  30  374  -33 

4*369  331  2  23  406-22 

4-318  662  2  20  828-70 

4-553  521  6  35  770-22 

4  -318  662  2  20  828  -70 

4  -357  739  8  22  789  -76 

4-410  684  3  25  744-49 

4  -318  662  2  20  828  -70 

4-5170365  32887-92 

4  271  329  9  18  677  98 

4  -410  684  3  25  744  -49 

4  332  407  3  21  498-46 

4-271  330  o  18  677-98 

4  -357  739  8  22  789  -76 

4  -332  407  4  21  498  46 

4  -517  036  5  32  887  -92 

4  -271  329  9  18  677  -98 

4  -160  717  5  14  478  -30 

4-514  794  6  32  718-60 
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{d)  Adjusted  triangles,  Maryland,  Delaware,  and  New  Jersey — Completed. 


No. 


24 


25 


26 


2i 


29 


30 


31 


Stations. 

Cape  May  L.  rf. 

Stone 

Mahon 

Cape  May  L.  H. 

Stone 

Egg  Island  L.  H. 


Observed  angles. 


o 
22 

120 
36 

47 
63 
69 


/ 
24 

47 
47 

22 

21 

15 


// 


15*62 
48-65 

55-58 
07*51 
59-85 


02  "94 

Cape  May  L.  H.  n     49       

Brandywine  Shoal  L.H.  163    00    31*38 
Mahon  5     10    24*13 


Cape  May  L.  H.  36    47    03  -68 

2T  \  Brandywine  Shoal  L.H.  119    25    53*80 

Egg  Island  L.  H.  23    46    60  '03 


Cape  May  L.  H. 

Mahon 

Egg  Island  L.  H. 


57-51 
24    5S       

35     23     21  -13 
119    38    37-87 


Cape  Henlopen  L.  H.      34     13     26  -27 
Stone  44    20    32*22 

Brandjrwine Shoal  L.H.  loi     26    01  -68 


Cape  Henlopen  L.  H. 

Stone 

Cape  May  L.  H. 


00 '17 
72  22  43  -32 
36  08-48  '50 
71     28    28*59 


00*41 
Cape  Henlopen  L.  H.  38  09  17  *o5 
Brandywine  Shoal  L.H.  59  46  25*73 
Cape  May  L.  H.  82    04    20  -49 

03*27 


Cor^c-    Spher-    Sp^er- 
angles,    excess. 


tions. 


»  •  •  • 

-fo'83 
+  1*56 

-1-0*50 
—0*13 
—  I  '40 


4-274 
-fo*86 
—0*42 


4-0*23 
4-1-09 

—0*24 
-fo*73 
4-0  -42 

4-0*32 

+o*39 
4-0*47 

4-0*56 

-1-33 
—  I  -76 


// 

54*83 

16 '45 
50*21 

56*08 
07*38 
58*45 


05  '16 

4-1*27      32*65 
—1*59      22*54 


06*42 
54*66 
59*61 

CI  -25 
21  -36 
38-96 

26*03 
32*95 

02  'lO 


43*64 
48*89 

29*06 

17*61 
24*40 

18*73 


0*50 

0*49 

0*50 

—  ^ 

1*49 
0*64 

063 

0*64 

I  *9i 
0*12 
o*ii 

0*I2 

0*35 
0*23 

0*23 

023 

0*69 
0*52 

0-53 
0-52 

1*57 
0*36 

0*36 

0*36 

I  -08 

o*53 
0-53 
o*53 

1*59 
0*25 

0*25 

0*24 

074 


Log  s, 

4*318  662  2 
4*671*407  7 
4  '514  794  6 

4  -410  684  3 
4  *49o  103  8 
4  '514  794  7 


4332  407  3 

4*495  103  7 
4*160  717  5 

4  -357  739  8 
4  *4:5  103  8 
4  -671  407  9 


Distances 
in  metres. 


20  828  *7o 

46  925  -37 
32  718*60 


25  744*49 

31  268*27 

32  718  *6o 


4*517  036  5  32  887*92 
4  *67i  407  8  46  925  -38 
4  *i6o  717  4   14  478  *29 


21  498*46 
31  268*26 
14  478  -30 

22  789  '76 
31  268  *27 

46  925  *39 


4  *27i  329  9  18  677  *98 

4*365  706  6  23  211  *67 

4*512  558  4  32  550*56 

4*514  794  6  32  718*60 

4  '306  412  o  20  249  *39 

4-512  558  3  32  550*55 

4*1607175  14478*30 

4*306  412  o  20  249*39 

4-365  706  6  23  211  *67 
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(^)    The  precision  of  the  Eastern  Shore  series  of  triangles. 

For  a  fair  estimate  of  the  precision  of  the  adjusted  triangulation,  we  have  in  the 
first  place  the  mean  error  of  an  observed  angle  (of  unit  weight),  as  derived  from  75 
corrections  to  directions  contained  in  the  series  and  involving  33  conditions — 


To  get  the  probable  error  of  the  side  Still  Pond  to  Hope,  we  start  form  the  line 
Finlay  to  Linstid  and  reach  the  side  Still  Pond  to  Hope  via  Clough  by  three  triangles. 
For  this  part  we  have  <^a  ~  14*1  and2((y'x  +  ^a  <^/?+  ^''ii)—  36*3.     Hence,  ««  =0*1217, 

ma  —  ±  0*529  and  probable  error  of  side  =  =b  0*357  nietre. 

n 

Similarly  for  the  line  Hartly  to  Kent  we  have  ^a  —  20*9,  -2'(.  . . ;  =  64*2,  Ua  =  0*098  o, 
w„  =  zb  o*474  and  probable  error  of  side  =  db  0*320  metre. 

n 

Also  for  the  terminal  side  Cape  May  Light  to  Cape  Henlopen  Light,  ^a  =21*4, 

ft 

^('  .)=  iii'7,  Ua  =0*162  7,  nia  =  dbo'6ii   and  probable  error  of  side  =  ±0*412 

nietre. 

To  the  above  probable  errors  we  have  yet  to  add  the  part  depending  on  the  prob- 
able error  of  the  initial  side  Finlay  to  Linstid  (=t:o'33  metre)  in  proportion  to  the 
length  of  the  sides,  viz:   ±0*285,  it  0*19,  and  ±0*19  metre,  respectively. 

Probable  error  of  length  of  side  Still  Pond  to  Hope  =  do  0*357  ±0*285  =  =*=  0*457 
metre  =  tt  Vucr  part  of  the  length. 

Probable  error  of  length  of  side  Hartly  to  Kent  =±0*320^0*19  =  ^0*372 
metre  =  77  Vdt)  part  of  the  length. 

Probable  error  of  length  of  side  Cape  May  Light  to  Cape  Henlopen  Light 
=  ±  0*412  ±  0*19  =  ±  o'454  metre  =  jj  Voir  part  of  the  length. 

The  distance  Ix^tween  the  middle  points  of  the  lines  Finlay  to  Linstid  and  Still 
Pond  to  Hope  when  projected  on  the  Thirty-ninth  parallel  is  about  42  kilometres  (26 
statute  miles),  from  Still  Pond — Hope  to  Hartly — Kent  is  about  29*5  kilometres  (18 
statute  miles),  and  from  Hartly — Kent  to  Cape  May  Light — Cape  Henlopen  Light  is 
about  56*5  kilometres  (35  statute  miles). 

The  average  probable  error  for  the  first  part  of  the  triangulation  may  be  taken  as 
I  (ioV80«  +  ]f7UTj)=  suVou  or  0-5  metre;  for  the  second  part  Jr  (ut  \dt)  +  utVttt^) 
=  BTJ  Uo  or  0*5  metre,  and  for  the  third  part  J  (55  \ji(j  +  it  Voir)  =  tat  Uv  or  I'l  metres; 
total  fox  the   Eastern  Shore  series.  2*1  metres. 

(2)    THK   ALLEGHKXV   SKRIKS   OF   TRIAXGLKS,    1846-1850   AND    1868-1880. 

(a)  Introdiiciioyi . 

The  triangulation  which  extends  from  the  Kent  Island  Base,  Maryland,  to  the  St. 
Albans  Base,  West  Virginia,  is  made  up  in  part  of  the  older  work  (antedating  the  trans- 
continental chain)  from  the  Kent  Base  to  the  Blue  Ridge,  which  branch  was  executed 
between  the  years  1846  and  1874  (with  one  interpolated  station  in  1879),  and  in  part  of 
the  new  branch  or  southern  and  western  extension  dating  between  1 874-1 880. 
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The  principal  observers  of  the  old  triangulation  were  A.  D.  Bache,  Superintendent, 
and  C.  O.  Boutelle,  Assistant,  and  of  the  later  extension  A.  T.  Mosman,  Assistant. 
The  total  extent  between  the  two  base-net  sides  and  measured  along  the  middle  of  the 
triangulation  is  about  545  kilometres  or  339  statute  miles.  The  central  station  Hump- 
back, Virginia,  is  a  prominent  point  in  the  arc  of  the  parallel  of  39°  as  well  as  in  the 
oblique  arc  of  the  Atlantic  and  Gulf. 

The  following  description  of  the  country  traversed  by  the  connecting  triangulation 
with  remarks  on  the  latter  was  furnished  by  Assistant  Mosman : 

The  section  starts  from  Kent  Island  on  Chesapeake  Bay  and  traverses  the  rolling  country  to  the 
Blue  Ridge  and  then  proceeds  nearly  west  through  the  Allegheny  Mountains,  covering  the  Kanawha 
River  Valley,  in  which  is  located  the  St.  Albans  base  line.  The  country  near  Chesapeake  Bay  is 
partially  wooded,  with  considerable  cultivated  land.  The  summits  about  the  stations  on  the  Blue 
Ridge  are  between  i  000  and  3  500  feet  of  elevation,  and  on  the  North  Mountain  and  the  main 
AUeghenies  reach  4  000  feet  and  over,  the  highest  station,  Briery,  being  i  379  metres  or  4  524  feet 
above  the  sea.  Nearly  all  the  summits  are  wooded  and  the  country  is  very  sparsely  inhabited. 
The  roads  are  few  and  transportation  difficult.  In  some  cases  it  was  necessar>'  to  travel  80  to  100 
miles  to  move  camp  between  stations  only  50  miles  apart. 

No  high  signals  were  necessary  in  this  section  and  poles  with  lozenge-shaped  targets*  could 
usually  be  seen  up  to  56  kilometres  (35  statute  miles,  about),  beyond  which  heliotropes  were  used. 
On  the  Blue  Ridge  and  the  AUeghenies  the  stations  are  generally  marked  by  bolts  in  rock  ledges, 
and  in  soil  by  a  cone  sunk  3  feet  under  ground,  over  which  was  placed  a  marble  post  with  cross  lines 
for  center;  there  are  also  spikes  driven  into  cement  for  reference  posts  about  6  feet  from  the 
central  mark. 

Assistant  Boutelle  generally  used  the  large  theodolite  in  7  positions  with  6  to  18 
series,  whereas  Assistant  Mosman  with  the  50-centimetre  theodolite  adhered  to  11 
positions  of  the  circle  with  3  series  in  each,  and  when  using  the  30-centimetre  theod- 
olite, adopted  17  positions  with  2  series  in  each. 

A  critical  examination  of  the  internal  complexity  of  lines  in  the  eastern  part 
of  the  triangulation,  between  sides  Webb- Marriott  and  Mount  Marshall-Bull  Run,  renders 
it  highly  probable  that  no  great  error  could  accumulate  in  this  branch  of  the  connection. 
Advantage  has  been  taken  of  this  circumstance  to  reduce  considerably  the  number  of 
equations  to  be  solved  simultaneously  by  treating  the  22  conditions  contained  in  this 
eastern  part  as  if  there  was  no  discrepancy  between  the  base  nets,  and  throwing  the  last 
condition,  for  accord  of  bases  on  the  second  or  western  part,  which  still  requires  the 
establishment  and  solution  of  33  equations. 

The  discrepancy  between  the  bases  is  very  small. 


*  These  poles  were  4  centimetres  square  in  cross  section  and  about  6  metres  high^  with  alternate  strips  of  white 
and  black  muslin  and  surmounted  by  a  white  muslin  target  with  sides  of  x  metre. 

18732 — No.  4 24 
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(d)  Abstract  of  resulting  horizontal  directions  at  each  station  from  local  and  from  figure 

adjustments  {eastern  part) , 

IVeddf  Anne  Arundel  County,  Maryland.     July  lo  to  August  14,  1848.     60-centimetre  theodolite,  No. 

75-centimetre  theodolite,  No.  i. 
75-centimetre  theodolite.  No.  i. 


2.  A.  D.  Bache,  observer.  October  21  to  December  2,  1850. 
A.  D.  Bache,  observer.  September  18  to  September  25,  1868. 
C.  O.  Boutelle,  observer. 


No.  of 
direction. 

Objects  obsei 

• 

Linstid 

Marriott 

3 

Hill 

4 

Soper 

5 

Stable 

Azimuth  Mark 

Finlay 

Resalting  direc- 
tions from  station 
adjustment. 


o 

76 
129 
178 
186 

275 
289 


00 

16 

26 

32 

55 
40 

44 


// 
00*00 
06*19. 

58-53 
04*72 

11*56 

oi'37 

43  "oi 


Approxi- 
mate 

probable 
error. 

// 
±0*o8 
0*12 
0*15 
008 
0*14 
o*ii 

0*22 


Corrections   ^^^^^"^^    Final  sec 

yJl^^M         base-net 
base-net         ^  g 

adjustment.  «HJ«i^S^«f 


// 


adjustment. 
ff 


onds  in 

triangula- 

tion. 


// 


—0*02 
+0*25 


O'OO 

o*oo 

— 0*02 


—0*23 


59  98 
06 '44 

58-53 
0472 
11-54 

42*78 


Mean  o  *oo 

Probable  error  of  a  single  observation  of  a  direction  (Z?.  and  R,)-=-±z  0^^*94. 

Marriott^  Anne  Arundel  County,  Maryland.  November  18  to  December  9,  1846.  30-centimetre 
theodolite,  No.  11.  E.  Blunt,  observer.  May  18  to  June  18,  1849.  60-centimetre  theodolite.  No. 
2.     A.  D.  Bache,  observer. 


0 
0 

00 

// 
00 'OO 

// 

*-4-0*I5 

// 

—0*29 

// 

I 

Hill 

59-71 

2 

Soper 

32 

06 

10*36 

+0*38 

10  74 

Webb 

70 

08 

37-17 

—0*24 

36  93 

Azimuth  Mark 

82 

23 

48*68 

to*i7 

• 

. 

Linstid 

107 

33 

48-30 

+034 

48*64 

Taylor 

125 

56 

32-84 

—0*20 

32-64 

Kent  Island  North  Base 

147 

53 

16  80 

—0*10 

16*70 

Kent  Island  South  Base 

r66 

06 

54-12 

*o*io 

-fo*i9 

54-31 

Poplar  Island 

206 

58 

03-32 

*0*I2 

Blake 

248 

21 

51  -62 

*o*i9 

Mean 

o*oo 

Probable  error  of  a  single 

observation  of  a  direction — 

(6  D,  and6i^.)  = 

db  0^^*67  in 

1846. 

\d,  and  R. )        = 

zb  i'^*io  in 

1849. 

♦  1846. 


ti849. 
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(^)  Abstract  of  resulting  horizontal  directions  at  each  station  from,  local  and  from  figure 

adjustmen  ts  (  eastern  pa  rt ) — Con t inued . 

Hill^  Prince  George  County,  Maryland.  June  18  to  July  15,  1846.  60-centimetre  theodolite,  No.  2. 
A.  D.  Bache,  observer.  August  8  to  October  4,  1850.  75-centimetre  theodolite,  No.  i.  A.  D. 
Bache  and  A.  A.  Humphreys,  observers.  October  9  to  November  12,  1868.  75-centimetre  theod- 
olite, No.  I.     Telescope  above  ground  1676  metres  in  1868.     C.  O.  Boutelle,  observer. 


No.  of 
direction. 


7 
8 


10 
II 


Objects  observed. 

Peach  Grove 

Causten 

Soldiers'    Home,    lightning    rod 

near  center  of  tower 
Montgomery  Blair's  house,  center 

of  cupola 
Sugar  Loaf 
Stabler 
Soper 

Azimuth  Mark 
Webb 
Marriott 

Theological  Seminary  (new)  cross 
Theological  Seminary  (old) 
High  School 

Coast  Survey  Office  ( old )  chimney 
United  States   Capitol,  head   of 

Statue  of  Liberty 
Seaton 
United  States  Naval  Observatory 

(old),  station  east  of  dome 
Georgetown  College  Observatory, 

center  of  dome 


Resulting  direc- 
tions from  station 
adjustment. 


O 
5 


00 
54 


// 


00  "OO 
28-96 


18     14    54  -48 


Approxi- 
mate 

probable 
error. 

// 
ifcO'II 
0'06 


0-25 


Corrections     Final  seconds 
from  figure  in 

adjustment,     triangulation. 


// 


// 


—0-30 


5970 


29 

46 

29*51 

033 

37 

48 

42*47 

o-io 

-fO'IO 

42  57 

65 

16 

57  50 

O'lO 

-fO-20 

5770 

69 

14 

4071 

0-07 

-0-31 

40-40 

125 

08 

23*97 

O'lO 

125 

08 

24*12 

O'lO 

-fO'I2 

24 -24 

181 

48 

56-12 

0*07 

--0-20 

56-32 

330 

08 

02 -81 

056 

330 

09 

58-44 

o*i6 

331 

31 

08-62 

o'i3 

348 

20 

52  43 

0*17 

^ 

350 

24 

27  16 

0*20 

350 

58 

47-36 

0-09 

353     54    50-38 


359    02     16  -lo 


0-20 


018 


Probable  error  of  a  single  observation  of  a  direction  {D.  and  R.^ 


©''''-90. 


Soper,  Montgomery  County,  Maryland.     June  19  to  July  23,  1850.     75-centimetre  theodolite,  No.  i 

A.  D.  Bache,  observer. 


12 

13 
14 


Webb 

Marriott 

Hill 

Azimuth  Mark 

Causten 

Stabler 


o  /  //  // 

O  00  OO'OO  dzO'TI 

39  41  3708  0-13 

75  01  10*92  0*14 

89  30  15  'OO  o  -22 

122  09  57-30  0-13 

233  17 


// 
— 008 
—0*17 
+0  -24 


// 


59  92 

36-91 
II  -16 


09-98 


Probable  error  of  a  single  observation  of  a  direction  {D,  and  R.)=-  ±:  ©''^-91. 
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(d)  Abstract  of  resulting  horizontal  directions  at  each  station  from  local  and  from  figure 

adjustments  {eastern  part) — Continued. 

Stablery  Montgomery  County,  Maryland.     July  17  to  September  3,  1869.     75-centimetre  theodolite, 

No.  I.     Telescope  above  ground  i6'76  metres.     C.  O.  Boutelle,  observer. 


No.  of 
direction. 

Objects  observed 

17 

Hill 

18 

Peach  Grove 

19 

Bull  Run 

20 

Maryland  Heights 

21 

Sugar  Loaf 

15 

Webb 

16 

Soper 

Resulting  direc- 
tions from  stations 
adjustment. 


a  /  ff 

o  00  oo'oo 

63  40  03  -06 

87  II  16-57 

131  27  5459 

134  09  42*34 

297  19  37  '68 

342  13  41 -17 


Approxi- 
mate 

probable 
error. 

// 
rho'io 
0*14 
0*20 
0*2I 
0*17 

o-i8 

0'2I 


Corrections     Final  seconds 
from  figure  in 

adjustment,     triangulation. 


// 
—  0*24 

-o'37 
-fo*o4 

-fo'o6 

+0-48 

+o*oi 


// 


O'OO 

Probable  error  of  a  single  observation  of  a  direction  (D.  and  ^.)  =  :4^  i-^'oS. 


5976 
02  '69 
16 -61 

54*65 
42-82 
37*69 
41-17 


Peach  Grove,  Fairfax  County,  Virginia.    October  ti  to  November  8,  1869.    July  28  to  August  15, 1870. 
75-centimetre  theodolite,  No.  i.    Telescope  above  ground  13-72  metres.    C.  O.  Boutelle,  observer. 


// 


// 


// 


// 


22 

Mount  Marshall 

23 

Bull  Run 

24 

Maryland  Heights 

25 

Sugar  Loaf 

26 

Stebler 

Causten 

27 

Hill 

0    00    oo-oo 

dto-20 

—0-36 

59*64 

4    36    29  -66 

0-18 

-fo-i8 

29*84 

58    32    34-06 

0-21 

—0-50 

33*56 

79    59    5276 

O'lO 

-f-o-o6 

52-82 

143    47     23-85 

o-i8 

-fo-35 

24-20 

187     26    02  -78 

0-14 

194    50    24-85 

0-14 

+0-27 

25-12 

on  of  a  direction  ( 

D.  and  R. ) 

=  ±  I  ^'-02. 

Sugar  Loaf,  Frederick  County,  Maryland.     August  18  to  November  19, 1879.    50-centimetre  theodolite, 

No.  113.     C.  O.  Boutelle,  F.  D.  Granger,  and  J.  B.  Boutelle,  observers. 


f/ 


ff 


// 


// 


Reference  Mark,  at  Barnesville 

0 

00 

00 'OO 

-4-0  03 

30 

Bull  Run 

45 

27 

15*79 

0-06 

-ro*72 

16-51 

31 

Mount  Marshall 

65 

36 

50-72 

0-08 

-O'lI 

50*61 

32 

Maryland  Heights 

120 

27 

54*38 

O'll 

-fo-io 

54*48 

Wolf 

207 

46 

15*33 

0-07 

Granite 

209 

55 

II -18 

0*06 

28 

Stabler 
Hill 

306 
325 

43 
05 

36*06 

0*13 

—0-46 

35*60 
39*25 

Soldiers'  Home 

329 

57 

28-46 

o-io 

United  States  Capitol 

335 

03 

39*45 

0-28 

Strecker 

338 

23 

34*86 

0-09 

Theological  Seminary  ( 1 

new)  cross 

344 

51 

10-37 

0-19 

29 

Peach  Grove 

352 

26 

27-18 

0-I2 

—0*26 

26-92 

Probable  error  of  a  sin 

ele  observation  of  a  direction 

(A  and^.) 

=  -+-o''^*6o. 
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{d)  Absircut  of  resulting  horizontal  directions  at  each  station  from  local  and  from  figure 

adjustments  {eastern  part) — Completed. 

Mount  Marshall^  Rappahannock  County,  Virginia.     July  18  to  September  7,  1874.     35-centimetre 

theodolite,  No.  10.     A.  T,  Mosman,  observer. 


No.  of 
direction. 


43 
44 
45 
46 


Objects  ob«Krved. 


Fork 

Maryland  Heights 

Sugar  Loaf 

Bull  Run 

Peach  Grove 

View  Tree 

National  Cemetery,  flag 

Culpeper  Baptist  Church  spire 

Clark 

Peters 


Resulting  direc- 
tions from  station 
adjustment. 

o         /  // 

O      00      CXD'OO 

184  15  49  '56 

202  41  37  -50 

225  17  06  78 

229  31  29  99 

248  47  4370 

302  03  40  -42 

302  II  34-29 

321     50    33*98 
336    20    36-44 


^I?r  Corrections     Final  seconds 

"\i5£,  from  figure  in 

probable  ;S™»,5"r.f 
error. 


adjustment,    triaugulation. 


// 

diO*II 

0*24 
o-l6 
0-17 
o-l6 
0-19 
0-31 
036 
0-17 
0-16 


// 

— o  -26 
+036 
4-0-19 
—0-28 


// 

49  30 
37-86 
06-97 
2971 


Probable  error  of  a  single  observation  of  a  direction  (Z?.  and  ^. )  =  =b  i''^-29. 

Bull  Run^  Fauquier  County,  Virginia.     September  22  to  November  28, 187 1.     75-centimetre  theodolite 

No.  I.     CO.  Boutelle,  observer. 


Azimuth  Mark 

Clark 

View  Tree 

Fork 

38 

Mount  Marshall 

Paris 

39 

Maryland  Heights 

Leesburg 

40 

Sugar  Loaf 

41 

Stabler 

42 

Peach  Grove 

/  // 

00    00-00 


±0-12 


// 


// 


o 

T  07      0935                   019 

13  44    29-24             0-08 

33  03     17 '51             o-i8 

53  39    05*53             0*22            +0-II            05-64 

92  24    57*37             0-27 

157  20    07  -15             o  -24            -^o  -49           07  -64 

179  or    375^            0-30 

190  54    06*98             o*2i            — 0-68           06*30 

225  12    03-95             o  15            -ho -08           0403 

242  29    57-85             o*i8               o-oo           57*85 
Probable  error  of  a  single  observation  of  a  direction  (Z?.  and  A*.)  =  dr  1^^-09. 

Maryland  Heights^  Washington  County,  Maryland.  September  16  to  October  28, 187a     75-centimetre 

theodolite,  No.  i.     CO.  Boutelle,  observer. 

0  /         ff 

33  Sugar  Loaf                                              o  00    00  'co 
Azigiuth  Mark                                        o  57    03  '66 

34  Stabler                                                    3  33    53-32 

35  Peach  Grove                                         30  31     14  53 
Leesburg                                               46  51    38*06 

36  Bull  Run                                               71  25    27  *26 

37  Mount  Marshall                                  106  43     12-67 

Probable  error  of  a  single  observation  of  a  direction  {D,  and  R, )  =  ±0^^*93. 


// 

— o*i8 

// 

±0*09 

59*82 

0*17 

0*16 

—0*24 

53 -08 

0*12 

+0*84 

15*37 

0*17 

018 

—0*50 

26-76 

0*18 

-fo*o8 

^2  75 
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No. 
I 

2 

3 

4 

5 
6 

7 
8 

9 

lO 

II 

12 

13 


17 
i8 

19 

20 
21 
22 


O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O: 

O 


-o'37 

+  0-47 

-0*75 
4-0-36 
—  0*29 


(1)4- 

(2)  + 

(3)  + 
(3)  + 
(6)4- 


(3 
(4 
(4 
(5 
(8 


-1*35    -(18) +  (21 

—  0-922  —  (20)  -f  (21 

—  1-94  -  (24)4- (25 
+  2-09  —  (30)  -f  (32 
4-0-64  —  (19)  4-  (20 
4-2-50   -(23)  4- (24 

-1*09  -(31)  4- (32 
-1-40  -(36)  4- (37 

—  0-175  — (22)  4- (23 


(r)  Figure  adjustment. 
Observation  equations  0/ eastern  part 

-(lo)-^(ii 

-(12)  4- (13 

-  (9)  4- (10 

-  (8)  4- (10 
-(17)  4- (18 
-(25)  4- (26 

-  (28)  4-  (32 

-  (29)  4-  (32 
-(33)  4- (36 

-  (34)  -f  (36 

-  (35)  4-  (36 

-  (33)  4-  (37 

-  (38)  4-  (39 
4-  (38)  -  (42 


-(12)  4- (14) 
-(15)  4- (17) 
-(26)-^(27) 

-  (28)  +  (29) 

-  (33)  +  (34) 

-  (33)  4-  (35) 

-  (39)  4-  (40) 
-(39)  4- (41) 

-  (39)  4-  (42) 

-  (43)  4-  (44) 

-  (43)  4-  (45) 


15  o 

16  o 


0  = 


o^ 


0  = 


0= 


0  = 


0  = 


-  (45)  4-  (46) 

-  1-0-2-59(1)  4- 3-35  (2)  4- 3-41  (3) -1-83  (4) -0-57  (12)  4- 2-97  (13) -2-40 (14) 

-  14-4  4- 1-83  (3)  -  I6-II  (4)  4-14-28(5)  4-  30*39  (8)  -  3i'8i  (9)  4- 1-42  (10)  +  2-II  (15) 

-8-68(16)4-6-57(17) 

-  5-14-0-97  (6)  -io39(7)4-9'42(8)— 6-34  (17)4-6.34(21)4-1*04  (25)  -274  (26) 
4- 170  (27)  -  2-o6  (28)  -L  2-06  (29) 

-21-14-0-74  (18) -44-72  (20)4-43-98  (21)4-5-35  (24)  -- 6-39  ( 25 )  4- 1 -04  ( 26)  "U 30-23  (33) 

-  33*80(34)  4- 3*57  (35) 

-4*o4-o'55  (23) -5*35  (24)  4- 4*8o  (25) +2-86  (33) -3-57  (35)4-071  (36)4-3*17  (39) 

-4-84  (40)4-1*67  (42) 

-0-6-0-74  (18)4-  1-97  (19) -1*23  (21) -0-55  (23)  4-1*59  (25) -1*04  (26)  -1-42  (40) 

4-3-09  (41) -1-67  (42) 

4-8-34-0-98  (23)   -1-53  (24)4-0-55  (25)4-1-58  (29)  -7*3^(30) +5*73  (31)  -2-43(35) 

4-5*40  (36)  -  2-97  (37)  -  2-42  (43)  4-5*o6  (44)  -  2-64  (45) 

4-3274-26-13  (22)  -26-68  (23)4-0-55  (25)  -f  1-58  (29)  -7-31  (30)4-5*73  (30  4- 5*06  (44) 

-  33*46  (45)  -f  28-40  (46) 
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(c)  Figure  adjustment — Continued. 
Correlate  equations^  eastern  part. 

Ci      Ca     C3     C4     C5     C6     C7     Cg     C9     Cio    Cxi      Cm 


Correc- 
tions. 


'«3 


(I 
(2 

(3 

(4 

(5 

(6 

(7 

(8 

(9 
(10 

(11 

(12 

(13 

(14 

(15 
(16 

(17 
(18 

(19 
(20 

(21 

(22 

(23 
(24 

(25 
(26 

(27 
(28 

(29 

(30 

(31 

(32 

(33 

(34 

(35 

(36 

(37 

(38 

(39 
(40 

(41 
(42 

(43 
(44 
(45 
(46 


—I 


+1  -I 

-hi      -fi 


—I 

-fi 


-I 


—  I 


-I      +1 
—  I 

-fi      -fi     .... 


—I      —I 

+1 

-fi 


^■^  X        ••••         •••• 


-fl    -I 
•fl 


—  I 


1 1 


—I 

-f-I 


—I 

+1 

—I 

-hi 


—I 


+1 

—  I 

H-i 


—I 

-hi 


—I 


-fi 
—I 


-fi 


•  »  ■  > 


t  t  •  •         • 


I  r 


—I 

+1 


-hi 
—I 

—I 
•  •  •     •  •  • .      '^~i 

-hi       H-i       -hi 


-I       -I       —I 

I  I     • . • .     .... 

-fi 

-hi 


—I 

+1 
—I 


-hi 


—I 

+  1 


—I 

+1 
—I 

-hi 


—I 


+1 


•   •  •  ■ 

—  I 

-hi 


-fi 


--I 


—  I 

-hi 
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Correc- 
tions. 


(I 

(3; 
(4; 
(s: 
(6: 
(7: 

(9: 

lol 
II 
12^ 

13: 
14; 

15: 
16] 

17; 
18] 

19] 
20] 

,'21^ 

1 22^ 

23; 

24; 

25: 
26] 

.27; 
28; 

29; 

^30] 
[31 
[32; 

^33: 

[34; 

:35: 
:36; 

:37: 
:38; 
:39; 

:4o; 

[41 

[43: 

'M] 

:45; 
;46; 


'«5 


(r)  Figure  adjustment — Continued. 
Correlate  equations^  eastern  time — Completed. 

Ci6  C|;  Cx8  Ct9  C» 


-2*59 
+3*35 
+3  "41 
— 1-83 


-f  1-83 
—16 '11 
+  14-28 


+30  *39 
-31  -81 
-f  1*42 


-0-57 
+2*97 
-2*40 


-h  2 -11 
-8-68 
+  6  57 


•  •  •  • 


C« 


-f  097 
-1039 
+  9  42 


-  6-34 


•  •  •  • 


•  •  •  • 


•  •  •  • 


+  074 

-074 
\  1*97 

«    •    •    « 

-4472 

•  •  •  » 

•  •   •  • 

■  •  •  • 

■  •  •  • 

+  6-34 

+43-98 

- 1  '23 

+26-13 

+  0-55 

-0-55 

+0-98 

-26-68 

+  5*35 

-  5*35 

-1-53 

+  I -04 

-  6  39 

+  4-8o 

+1-59 

+055 

+  0-55 

-  274 

+  I  04 

-I -04 

+  170 

, 

--  2  -06 

H-  206 

+1-58 

+  1-58 

•  •  •  • 

•  •  •  • 

•  •  •  • 

•  ■  •  • 

-7  31 
+5  73 

-  7-31 
+  5  73 

•    •    •    • 


+30  23 

-f  2-86 

-33-80 

+  3-57 

-  3*57 
4-  071 

+  3-17 

•  •  •  • 

-2*43 
+5-40 

-2*97 

•  •  •  • 

•    ■   •   • 

-  4-84 
+  1-67 

—I  -42 

+3  09 
-1-67 

•  •  •  • 

—2*42 

+5-06 

•  •  •  • 
+  5-06 

•  •  •  • 

•  •  •  • 

•  •  •  • 

—2*64 

-33-46 
+28-40 
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Ci 

C* 

C3 

C4 

C5 

0=  — 

037 

+4 

—2 

-  2 

+ 

0-47 

+4 

+a 

— 

075 

+6 

+2 

+ 

0-36 

+6 

—2 

— 

0  39 

■  •  • 

•  •• 

»  ■  • 

a   •  ■ 

•♦6 

— 

i'Z5 

— 

0*922 

— 

'•94 

+ 

2 '09 

+ 

0*64 

.— 

•«• 

•  t  • 

•  •  • 

•  •  ■ 

+ 

2-50 

— 

X09 

— 

1-40 

— 

0-175 

(c)  Figure  adjustment — Continued. 
Nortnal  equations^  eastern  part, 

C6  C7  Cs  C9  Cio 


.11 


.19 


Cs 


Normal  equations ^  eastern  part — Completed. 

C16  C17  Ct8  C19  Cao 


C*( 


Cij  Cx4 


-2 

•  •  • 

•  •  • 

•  «  • 

•  •  • 

•  • 

•  ■  ■ 

•  •  • 

-f6 

+2 

—2 

+6 

+a 
+6 

+2 
+2 

2 

-  2 

+2 
+2 

-♦6 

+  2 

+2 

+2 

-■2 

•  ■  • 

•  • 

■      • 

•  •  • 

+6 

+  2 
+6 

■  •  • 

+6 

-2 

■  2 
+2 
+6 

-   2 
-2 

+  6 

c 


99 


-  0-37 

+6 -00 

+     0-41 

+  047 

-1-64 

— i6'ii 

-  075 

-7  07 

+15*29 

+  036 

-3  4X 

—12 -06 

-15  7« 

-  029 

•  •  •  • 

+23  82 

+19  23 

—  0-30 

•  •  •  • 

+  0*30 

•  ■  •  • 

■  •  •  • 

-  1*35 

+  6-68 

+50-67 

-4*8o 

-  3" 

+  1-03 

+   1-03 

—  0-922 

+  8-40 

+24-67 

-  2-86 

-  1-23 

•  •  •  • 

■  •  •  • 

-  1-94 

—    1-02 

-38-40 

+  3*72 

+  1*59 

-  1*93 

~  1-03 

+   209 

-30*23 

-10-16 

-  1-42 

+  1271 

+  7*31 

+  064 

■  •  •  • 

•  ■  •  • 

•  •   • 

—10-92 

-  246 

+  1-12 

+  540 

•  •  •  • 

+  250 

4  1*78 

-  3*12 

—  1-12 

+  3*52 

+26-68 

-  X09 

-30  23 

-  2-86 

—  I  -22 

—  0-67 

-  1*40 

+  2-46 

-  8*59 

-33*46 

-  0175 

—  1  12 

+  x-ia 

+  3  62 

+  9*05 

0——    I'D 

+47-813  4 

+35721  6 

•    •  ■    • 

•  •  •  • 

•  •  •  • 

■  «  •  • 

■  •  •  • 

\ 

•  ■  •  • 

-14-4 

+2  527-203  4 

+  244*62 

-  51 

+297987  0 

+ 

269  3380 

+  4  992  0 

-  3*2950 

+  3  '826  8 

+  3  826  8 

— ai'x 

+6  074-240  4 

+  M  418  4 

-65-884  7 

-2C-375  1 

-  3  514  5 

-  40 

+  109-657  0 

+  11  -413  4 

+23  873  6 

-12  034  0 

-  0-6 

*     •     B      • 

■  •  ■  ■ 

*   •  •    • 

•  ■  •  « 

■  •  •  • 

+24-207  0 

+  0-3355 

+  15-5485 

+  p-3 

+  174684  6 

+ 

176-8595 

+3»7 

+  3  435*4024 

Resulting  values  0/  correlates  and  0/  corrections  to  angular  directions. 


C,=:4-o-i97 
C=  -o  268 
C3=+o-326 
C4=— 0-013 
C5=-fo  -289 
C6= -^0-639 
C7=— o-i6i 
C«=+0'9ii 


C  9=-o  -886 
C,o=-f  0*004 
C„=-ho-i77 

C,a=-}-0-240 
C,3^  -O  059 
C,4=-f  0*051 

C,5=H-oo34  4 


C,6=— o  -ooo  355 
0,,=— 0-009  79 

C,8=40*002    24 

C,9=- 0*050  8 

Cao=-}-0  024   9 

C„=-f  o  -034  6 
C«=— o'oii  64 
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Resulting  valueis  of  correlates  oftd  oj  corrections  to  angular  directions — Completed. 


ft 

ff 

ff 

// 

// 

(J) 

=-.o*286 

(II) 

=+0197 

(2o)=.-f-o-o65 

(29) 

=  —0  256 

(38)=4-o*iio 

(2) 

=+0-383 

(12) 

=  —0  -078 

(2i)=-{-o*484 

(30) 

=  4-0*718 

(39)=+o*485 

(3) 

=+0  -oor 

(13) 

=  —0*166 

(22)=    o*355 

(31) 

=— o*io8 

(40)=— 0*676 

(4) 

=  -fO'OOt 

(14) 

=-f-o  243 

(23)=4-o*i77 

(32) 

=4-0*104 

(4i)=4-o*o82 

(5) 

=— 0  "oiS 

(15) 

=  -{-0'012 

(24)=    0-503 

(33) 

=—0*182 

(42)=— 0*001 

(6) 

—  —0  -298 

(16) 

=-rooo3 

(25)=+o*o56 

(34) 

=—0*241 

(43)=    0*265 

(7) 

-ro"io2 

(17) 

——0*242 

(26)=+o-353 

(35) 

=  4-0*839 

(44)=4-o-356 

(8) 

=  4-0199 

(i8) 

=-0*367 

(27)= 4-0*272 

(36) 

=  -0  495 

(45)=4-o-i88 

(9) 

--0-315 

(19) 

= -ho  045 

28) =-0*458 

(37) 

—ho  078 

(46)=-o*28o 

(JO) 

=  4-0-115 

• 

(^)  Abstract  of  resulting  horizontal  directions  at  each  station  &otn  local  and  from  figure 

adjustme7its  {western  part) , 

Mount  Marshall^   Rappahannock  County,  Virginia.     July  18  to  September  7,  1874.     35<entimctre 

theodolite,  No.  10.     A.  T.  Mosman,  observer. 


Objects  observed. 

Resulting  directions 

from 
station  adjustment. 

Approx- 
imate 

probable 
error. 

Corrections 

from  first 

figure 

adjustment. 

Corrections 
from  second 

figure 
adjustment. 

Final  sec- 
onds in 
triangula- 
tions. 

0 
0 

00 

00*00 

// 
-+-o*ll 

ff 

— 020 

ff 

Fork 

5980 

Maryland  Heights 

184 

15 

49  56 

0*24 

—0  26 

49-30 

Sugar  Loaf 

202 

41 

37-50 

o*i6 

-1-0-36 

37-86 

Bull  Run 

225 

17 

06*78 

017 

-1-0*19 

06*97 

Peach  Grove 

229 

31 

29 '99 

o*i6 

—0*28 

29-71 

View  Tree 

248 

47 

43  70 

0*19 

National  Cemetery, 

flag 

302 

03 

40  42 

0*31 

Culpeper  Baptist  Church, 

spire 

302 

II 

34-29 

0-36 

Clark 

3" 

50 

33-98 

0*17 

-0*25 

33*73 

Peters 

336 

20 

36  "44 

016 

Mean    o  *oo 
Probable  error  of  a  single  observation  of  a  direction  ( D.  and  R. )  =  =b  1^^*29. 


Bull  Run,  Fauquier  County.  Viiginia.    September  22  to  November  28, 1871. 

No.  J.     CO.  Boutelle,  observer. 


75-centimetre  theodolite, 


// 


// 


// 


// 


// 


Azimuth  Mark 

0 

00 

00*00 

-f-0*I2 

Clark 

I 

07 

09-35 

0*19 

—0*24 

09*11 

View  Tree 

13 

44 

29*24 

0*08 

Fork 

33 

03 

17-51 

018 

4-0*52 

18*03 

Mount  Marshall 

53 

39 

05  53 

0*22 

4-0*11 

05  64 

Paris 

92 

24 

57-37 

0*27 

Maryland  Heights 

157 

20 

07-15 

0*24 

4-0  49 

07*64 

Leesbuig 

179 

01 

37-56 

030 

Sugar  Loaf 

190 

54 

06  98 

0*2I 

-0*68 

06-30 

Stabler 

225 

12 

03  95 

0*15 

4-0*08 

04  03 

Peach  Grove 

242 

29 

57-85 

0*18 

coo 

57-85 

Mean    o  -oo 
Probable  error  of  a  single  observation  of  a  direction  ( D.  and  R. )  =  db  1^^*09. 
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(d)  Abstract  of  resulting  horizontal  directions  at  each  station  from  local  and  from  figure 

adjustments  {western  part) — Continued. 

Clark ^  Orange  County,  Virginia.     July  24  to  September  5,  187 1.     75-centimetre  theodolite,  No.   i. 

C.  O.  Boutelle,  observer. 

Number  of 


tier  ui 

etion. 

Objects  observed. 

5 

Spear 

Peters 

6 

Humpback 

Azimuth  Mark 

7 

Fork 

8 

Mount  Marshall 

View  Tree 

9 

Bull  Run 

Hundley 

Resulting  direc- 
tions from  station 
adjustment. 

Approximate 

probable 

error. 

Corrections 
from  figure 
adjustment. 

Pinal  seco 

in 
triangulatj 

0       / 

// 

// 

// 

// 

0    00 

00 '00 

±^•17 

— 0*12 

59*8« 

II      21 

47 'oo 

015 

24     09 

37*37 

0*16 

1*35 

36*02 

55     29 

20-96 

0*I2 

78     26 

10*17 

0*17 

+0-97 

11  *I4 

122     25 

05  12 

0*17 

-f-o  -02 

05*14 

158     12 

53  81 

0*20 

163     19 

47*57 

018 

-fo-48 

48*05 

223    43 

11*53 

o-i8 

Probable  error  of  a  single  observation  of  a  direction  (/?.  and  ^. )  =  rfc  i^''*o3. 

I 

Forky  Madison  County,  Virginia.     October  12  to  December  24, 1874.     35-centimetre  theodolite,  No.  10. 
A.  T.  Mosman,  observer.    July  18  to  August  6,1879.     50-centinjetre  theodolite,  No.  114.     A.  T. 
Mosman,  observer. 

o    00    00*00 

20      16      00  '96 
^36      25      13   62 

161  06  37  *64 
224  16  58*68 
270    56    24*51 

303    52    39*51 

321  52     29  41 

322  58    40  96 

353    33     11*50 
Probable  error  of  a  single  observation  of  a  direction  (/?.  and  ^.  )=  db  1^^*24. 

Spear,  Buckingham  County,  Virginia.     July  30  to  August  29, 1875.     35-centimetre  theodolite,  No.  10. 

A.  T.  Mosman,  observer. 


Peaked 

16 

Slate  Springs 

10 

Mount  Marshall 

II 

Bull  Run 

12 

Clark 

Peters 

13 

Spear 

Jarman 

14 

Humpback 

15 

Elliott  Knob 

// 

// 

// 

rbOoS 

« 

015 

4-0*98 

01  94 

0*17 

-fo-39 

14*01 

0*16 

—  I  'OI 

3663 

0*19 

0*86 

57*82 

0*20 

0*19 

—0*10 

39*41 

0*20 

015 

— 0*20 

40*76 

013 

-fo*8o 

12*30 

Willis 
Long 


o  /  // 

O     00      00*00 

113    14   26*50 


// 


// 


// 


±013 

0*21 


Smith 

Flat  Top 

17 

Tobacco  Row 

18 

Humpback 

Jarman 

19 

Fork 

Peters 

ao 

Clark 

119 

19 

24*25 

150 

15 

15*49 

160 

17 

43*42 

233 

59 

02*50 

251 

08 

16*40 

266 

07 

14*11 

283 

15 

22*59 

388 

05 

31*91 

Probable  error  of  a  single  observation  of  a  direction  (D,  and  R,)  = 


0*19 

• 

0*20 

o*i6 

-|-0*22 

43*64 

0*21 

-0*44 

02*06 

0*28 

0*22 

+005 

14*16 

0*29 

0'22 

4-0*17 

32*08 

and  R,  ] 

l  =  =t  i''-37. 
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UNITED  STATES  COAST  AND  GEODETIC  SURVEY. 


(d)  Abstract  of  resulting  horizontal  directions  at  etuh  station  from  local  and  from  figure 

adjustments  {western  pari) — Continued. 

Tobacco  Row^  Amherst  County,  Virginia.  September  14  to  September  23, 1875.  35-centimetre  theodo- 
lite, No.  10.  A.  T.  Mosman,  observer.  September  6  to  September  9, 1879.  50-centimetre  theodolite* 
No.  1 14.     A.  T.  Mosman,  observer. 


Number  of 
direction. 


Objects  observed. 


21 


22 
23 


Flat  Top 

Bald  Knob 

Humpback 

Spear 

Willis 

Long  Mountain 

Lynchburg 

Smith 

Cahas 


Resulting  direc- 
tions from  ststion 
adjustment. 

o       /         // 

o     00     OO'OO 


Approximate 

probable 

error. 

ft 
±0-15 
0*14 
o'i6 
o-i6 
0*26 
018 

035 
0*24 

0-32 


Corrections      Pinal  seconds 
from  figure  in 

adjustment,     triangulation. 


// 


// 


—0-65 
-1-0 -86 

— 0'2I 


4870 
24  24 

2859 


54  31  49  35 
140  52  23-38 

200  19  28  '80 

208  43  28  '06 

272  56  37  39 
276  15  52  23 
318  30  40-14 
345  52  2462 
Probable  error  of  a  single  observation  of  a  direction  (A  and  ^. )  =  db  i''*43. 

Humpback,  Nelson  County,  Virginia.  June  8  to  June  29, 1875.  35-centimetre  theodolite,  No.  la 
A.  T.  Mosman,  observer.  May  11  to  June  6,  1878.  50-centimetre  theodolite,  No.  114.  A.  T. 
Mosman,  observer.  August  18  to  August  28,  1879.  50-centimetre  theodolite.  No.  114.  A.  T. 
Mosman  and  W.  B.  Fairfield,  observers. 

Jarman 

Clark 

Peters 

Spear 

Long  Mountain 

Tobacco  Row 

Bald  Knob 

Paddy 

Elliott  Knob 

Slate  Springs 

Peaked 

Fork 

Jarman  2 

Probable  error  of  a  single  observation  of  a  direction  (/?.  and  -^. )  =  it  i'^'28. 

Bald  Knob.  Bath  County,  Virginia.  September  i  to  September  19,  1878.  50-centimetre  theodolite, 
No.  114.  A.  T.  Mosman,  observer.  September  25  to  September  27,  1879.  50-centimetre  theodo- 
lite, No.  114.     A.  T.  Mosman,  observer. 


Jarman 

25 

Clark 

Peters 

26 

Spear 

Long  Mountain 

27 

Tobacco  Row 

28 

Bald  Knob 

29 

Paddy 

30 

Elliott  Knob 

31 

Slate  Springs 

Peaked 

24 

Fork 

Jarman  2 

0 

/ 

// 

ff 

ff 

ff 

0 

00 

OO'OO 

±o-ii 

24 

30 

20*46 

0*17 

-fi-37 

21-83 

31 

40 

01  '24 

0-34 

126 

14 

25  02 

0*24 

-fo-44 

25-46 

154 

41 

57 'lo 

0*19 

173 

06 

07 -68 

O'lO 

—0-87 

06  81 

230 

26 

24  65 

0*14 

+017 

24-82 

256 

16 

18-23 

0-I2 

■foi5 

18-38 

265 

35 

01  13 

o-i6 

-I  03 

00 -lo 

300 

08 

53*99 

013 

-0-57 

53  42 

334 

47 

31  "47 

0*2I 

357 

28 

32-18 

0*14 

-^o*33 

32-51 

359 

59 

03-47 

007 

50 

Paddy 

Flag  Rock 

51 

Elliott  Knob 

52 

Humpback 

53 

Tobacco  Row 

48 

Keeney 

49 

Briery 

0 

/ 

ff 

ff 

ff 

ff 

0 

00 

OO'OO 

±008 

-fo'o8 

00 -08 

20 

41 

52-01 

0-I2 

53 

00 

16-88 

o-ii 

— 0'02 

16-86 

80 

40 

00 -22 

0-09 

-fo-o6 

00-28 

116 

59 

14*97 

0*12 

+066 

15*63 

250 

18 

60 '00 

0-12 

-0-34 

59-66 

292 

07 

57*15 

o'i4 

-0-44 

56-71 

Probable  error  of  a  single  observation  of  a  direction  (Z>.  and  R, )  =  ±©''•78. 
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(d)  Abstrcui  of  resulting  horizontal  directions  at  each  station  from  local  and  from  figure 

adjustments  {western  part^ — Continued. 

Elliott  Knob,    Augusta  County,  Virginia.    July  3  to  August  6,  1878.    50-centimetre  theodolite,  No. 

114.     A.  T.  Mosman,  observer. 


ection. 

Objects  observed. 

38 

Humpback 

39 

Bald  Knob 

40 

Briery 

41 

Paddy 

Collimator 

36 

Slate  Springs 

Peaked 

37 

Fork 

Jarman  2 

Resulting  direc- 
tions from  station 
adjustment. 

Approximate 

probable 

error. 

Corrections 
from  figure 
adjustment. 

Pinal  seconds 

in 
triangulation. 

0       / 

// 

// 

// 

// 

0    00 

00 -co 

±o-o8 

-fo-47 

00 '47 

117     II 

47*35 

o-ii 

— 022 

47*13 

145     20 

10  "67 

O'lO 

+062 

II  '29 

161      21 

32-80 

0-I2 

-fo-35 

33*15 

238      16 

10  94 

0*I2 

253     07 

38-17 

o*i6 

— O'll 

38-06 

298    35 

36  95 

018 

302    27 

57*49 

O'lO 

—  I  -11 

56-38 

334    09 

02  50 

o-i8 

Probable  error  of  a  single  observation  of  a  direction  (Z>.  and  ^. )  =  ±:  o''*79. 

Slate  Springs.     Rockingham  County,  Virginia.      October  12  to  November  i,   1878.     30-centimetre 

theodolite,  No.  118.     W.  B.  Fairfield,  observer. 


34 

Elliott  Knob 

35 

Paddy 

32 

Fork 

Peaked 

33 

Humpback 

0 

00 

00 'OO 

-4-0-13 

ff 
— 0-04 

ff 

0 

59  96 

46 

40 

33*81 

015 

-f0'20 

34 -oi 

256 

03 

02  '20 

0*14 

-0-85 

01*35 

273 

01 

23*99 

0'22 

321 

26 

10 'So 

o*ii 

-f-o-68 

II  -48 

Probable  error  of  a  single  observation  of  a  direction  (Z>.  and  A*. )  =  dz  0^^*87. 

Paddy,    Highland  County,  Virginia.     October  12  to  October  20,  1878.     50-centimetre  theodolite,  No. 

114.     A.  T.  Mosman,  obser\'er. 

o  f  ff 

o  00  oo'oo 

48  34  42-87 

67  10  39  42 

•     235  36  33-14 

277  09  59  -68 

286  29  45-11 

347  58  28-25 
Probable  error  of  a  single  observation  of  a  direction  (/>.  and  R.)  =  =bo''^*8i. 

Briery y  Pocahontas  County,  West  Virginia.     July  7  to  July  23,  1880.     50-centimetre  theodolite,  No. 

114.     A.  T.  Mosman,  observer. 


45 

Bald  Knob 

46 

Keeney 

47 

Briery 

42 

Slate  Springs 

43 

Elliott  Knob 

44 

Humpback 

Flag  Rock 

ff 

ff 

ff 

±0*09 

-I-0-02 

00-02 

0-16 

4-0-23 

43 'lo 

0-12 

-fO'IO 

39*52 

0-14 

+0-04 

33*18 

0-13 

—  I  -06 

58 -62 

0*14 

-ho -67 

45*78 

0-25 

58 

Beech 

59 

Summers  ville 

54 

Paddy 

55 

Elliott  Knob 

56 

Bald  Knob 

57 

Keeney 

Job 

0 

00 

// 

OO'OO 

ff 
rfcO-II 

ff 
0-59 

ff 

0 

59*41 

27 

18 

53*06 

o*i6 

+062 

53*68 

172 

53 

40*28 

O'll 

0-35 

39*93 

186 

51 

40*16 

O'lI 

—0*21 

39*95 

217 

51 

01  '11 

0*16 

+o*39 

01-50 

316 

27 

40-03 

0*11 

-fo*i4 

40*17 

346 

18 

55*46 

0*25 

Probable  error  of  a  single  observation  of  a  direction  {D.  and  ^.)  =  ±0^^*83. 
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UNITED  STATES  COAST  AND  GEODETIC  bCRVEY. 


(d)  Abstract  of  resulting  horizontal  directions  at  each  station  from  local  and  from  figure 

adjustments  {western  part) — Completed. 

Keeney^  Summers  County,  West  Virginia.     August  a8  to  September  i6,  1880.    50-centimetre  theodo- 
lite, No.  114.     A.  T.  Mosman,  observer. 

Resulting  direc-       Appropriate        Corrections     Pinal  seconds 
tions  from  station         probable  from  figure  in 

adjustment.  error.  adjustment,     triangulation. 


Number  of 
direction. 

Objects  observed. 

Azimuth  Mark 

65 

Beech 

66 

Briery 

67 

Paddy 

68 

Bald  Knob 

64 

Ivy 

// 


o     00     OO'OO 


// 


// 


ff 


±:0*07 


II 

26 

15*15 

0*07 

-fo  29 

15  44 

35 

48 

16 'lO 

o'o8 

— 0*I2 

15  98 

53 

38 

23  32 

O'lO 

— O'll 

23-21 

75 

22 

46  36 

0*07 

+0-36 

46  72 

269 

50 

30-28 

O'lO 

—0*41 

29  87 

Lion 

of  a 

direction 

{D, 

and  R. )  = 

:-4-o'''*53. 

Beech,  Greenbrier  County,  West  Virginia.     October  8  to  October  22,  1880.     50-centimetre  theodolite. 

No.  114.     A.  T.  Mosman  and  W.  B.  Fairfield,  observers. 


// 


// 


// 


// 


60 

Briery 

Job 

61 

Keeney 

62 

Ivy 

63 

Summers  ville 

0 

00 

00 -00 

-4-0-12 

-ho -52 

00  52 

42 

17 

23  09 

0-22 

• 

112 

05 

43*17 

0-14 

o*33 

42-84 

164 

20 

17-69 

0-19 

—0-08 

17*61 

228 

II 

10 -08 

o-i6 

— O'lI 

09*97 

Probable  error  of  a  single  observation  of  a  direction  (D.  and  R.)-=±  i^^'dS. 

SunitnersviiUy  Nicholas  County,  West  Virginia.     November  9  to  December  5,  1880.     50-centimetre 

theodolite,  No.  114.     A.  T.  Mosman  and  W.  B.  Fairfield,  observers. 


No.  of 
direction. 


Objects  observed. 


72 


71 


Beech 

Ivy 

Table  Rock 

Holmes 

Briery 


Resulting  directions      Approxi- 
f  rom  station  ad-     mate  proba- 
justment.  ble  error. 


o  /            //  // 

o  00  00 '00  rbO'II 

95  56  5836  030 

132  04  23-34  0-13 

155  27  3685  0-2I 

339  07  44 'lo  o'i2 


Corrections  9°r!5?i°"^ 


from  base 


from  base-      Pinal  sec- 


net  adjust-   n^tandfig.   ondsintri- 
Tn#Mit         """^  adjust-    angulation. 


ment 
// 

-o  27 
-fo-29 

— 0*02 


ment. 


// 
-ho  05 


-054 


00*05 

58-09 
23*63 

3683 

43  56 


Mean  o  -00 

Probable  error  of  a  single  observation  of  a  direction  {D.  and  R. )  =  =hQ"-86. 

Iiy,  Raleigh  County,  West  Virginia.     June  14  to  June  21,  1881.     50-centimetre  theodolite,  No.  114. 

A.  T.  Mosman  and  W.  B.  Fairfield,  observers. 


// 


// 


// 


// 


// 


69 
70 


Table  Rock 

Holmes 

Summersville 

Beech 

Keeney 

Pigeon 

Piney 

Mean  o  -00 

Probable  error  of  a  single  observation  of  a  direction  ( D.  and  R. )  =  dbo^'*8r. 


0 

00 

00 -oo 

-J-0-I4 

— 005 

59*95 

6 

33 

23 -49 

0-15 

4-015 

23  64 

58 

22 

03-66 

0-14 

—0*09 

03-57 

78 

34 

19  05 

0-14 

— 005 

19*00 

104 

44 

04  82 

0-19 

4-0  49 

05-31 

327 

57 

1 1  54 

013 

-f-0-09 

11*63 

339 

33 

29-00 

0-17 

— O'lO 

28-90 
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(c)  Figure  adjustment. 
Observation  equations  of  western  part. 


V 


J 

1  o=- 

2 

i  0=4- 

3 

,0=  + 

4 

0=  — 

5 

o=-f 

6 

0—  — 

0  = 

8 

0 —  — 

9 

0 —  — 

10 

o=-f 

II 

o--f 

12 

0   — 

13 

o=-f- 

14 

0 —  — 

15 

0-  + 

16 

0=  — 

17 

o=- 

18 

0=  — 

19 

0^  — 

20 

0=4- 

21 

0=  — 

22 

0—  -- 

23 

o--h 

24 

0=  — 

25 

0=  — 

=  4-  2*11  - 


26      0=  — 


27 

0 

28 

0 

29 

0 

30 

0 

31 

0 

=  -h 


32       9=- 


33    i  o=-h 


-h 


0-45-    (I) -I-    (3)-    (8)+    (9 
(2)-!-    (4)  -(io)  +  (ii 

2-14-  (3)-h  (4)-  '7)-^  (8 
0*50- (13) +  (14)-  (18)  4- (19 
1-55"  (5)-f  (6)-(i8)-r(2o 
i"97-  (5)-f  (7)  -(i2)-t  (13 
o-oo  -  ( 15)  +  (16)  -  (32)  -f  (34 

3*94    -(14) +  (15)-^  (24) -(30 

o*33  -  (30)  +  (3O  -  (33)  +  (34 
3-05 -(17)4- (18) -(22) -^(23 

1-82 -(28)  I- (30)  -  (38) -f  (39 
3-15  -  (21) -f  (22)- (27) -f  (28 

1-32 -(34) +  (35) +  (36) -(41 
0-42-  (29)  f  (30)  {38)  4- (41 
070 •-  (28)  4-  (29)  -  (44)  -4-  (45 

1-34  -  (45)  -f  (47)  -  (49)  4-  (50 
i-86-(39)-f  (4o)-(49)-f  (51 
0-I4  -  (48)  -  (49)  -  (56)  4-  (57 
i-io-(45)H-(46)---(48)-f  (50 
1-99- (57)  1^(58) -(60)  + (61 

I -49 -(61) +  (62) -(64)  4- (65 
2-42  -  (58)  -'-  (59)  -t-  (60)  -  (63 
o-i3-(62)  +  (63)4-(69)-(72 
6-2  4  i-6i(i) -5-60(2)  4- 2-i8(7 

8-2  4-4-69(5)-6-2o(6)  4- 1*51(7 
3*35(19) -ri'53(2o) 

0-4  4-  1-35(14)  -4*18(15)  4-2-83 

1-80(37) -0-63(38) 

4-7  4-  6-o8(  13)  -  9-65(  14)  -r  3*57(  15)  4-  o-62(  17)  -  3-97(  18)  4-  3*35(  19)  4-  0-14(21) 

1-38(22)  4-  1*24(23)  4- 1*33(37)  -0-24(38)  -  1-09(39)  4-4*01(50  -6-88(52)  4-  2-87(53) 

43-7  4-  12-84(29)  -  15*90(30)  4-  3*06(31 )  4-  2-64(33)  -  4*63(34)  -  1-99(35)  4-  2-37(42) 

15*19(43)  4  12-82(44) 

IO-8  4-  3*00(28)  -  6-06(30)  4-  3*06(31 )  -h  264(33)  -  4*63(34)  4- 1*99(35)  4-  2-37(42) 

2-64(43)  +0-27(45)  4- 1*58(50)  -5*59(51)  1  4*01(52) 

3*5  4-  2-17(39)  -  7*33(40)  4-5*16(41)  4-0-85(49)  -  2-43(50)  -r  1*58(51)  4-  6-36(54) 

8-46(55)4-2-10(56) 

1-0  +  0-88(45)  -6-26(46)  4-5*38(47)  +2-36(48)  -3*21(49)  +0-85(50)  +4-00(66) 

6-55(67)  t  2-55(68) 

4-34-2-21(57)  -6-29(58)  +4-08(59)  -0-43(64)  -4-22(65)  -f- 4-65(66)  -  10-01(69) 

4-29(70)  +  5-52(71)  -  5*30(72) 

10-8  -  1-61(1)  -  1-89(3)  +  1-89(4)  -  1-51(6)  4-  1-51(7)  4-  2-43(8)  -  2-43(9)  +  0-08(10) 

0-08(12)  -3-57(14)  +3*57(15)  +4*13(24)  -4*13(25)  -3*00(28)  4-3-00(30)  +  1-33(37) 

1*33(38)  -2-17(39)  +2*17(41)  +0-27(43)   -  1-15(45)  +0-88(47)  -2-36(48)  -r  2-36(49) 

4-01(51)  -4-01(52) +  2-10(54)  -2-10(56)  --2-21(57)  1-2-21(58)  -0-85(60)  +0-85(61) 

1-03(62)  +  1-03(63)  4-0-43(64)  -0-43(65)  +2-55(66)  -2-55(68)  -0*22(72)  +4-29(69) 

4-29(70) 


-(10) +  (12) 
-(24) +  (26) 
-(25) +  (26) 
-(19) +  (20) 

-  (36)  \-  (37) 

-  (37)  -r  (38) 

-  (36)  1-  (38) 
-(26) +  (27) 
-(51) +  (52) 

-  (52)  +  (53) 

-  (42)  \  (43) 

-  (43)  +  (44) 
--  (50)  +  (52) 

-  (54)  +  (56) 

-  (55)  +  (56) 

-  (66)  +  (68) 
--(67) +  (68) 

-  (65)  +  (66) 

-  (69)  4-  (70) 
-(71) +  (72) 

-4*61(8) -1-2-43(9)  4-4*50(10) -4-58(11)4-0-08(12) 

-  0-32(12)  -6-08(13) +6-40(14)  4- 1*82(18) 

16)  4- 1*35(24)  --3*06(30)  -4-41(31)  4-2-43(36) 


384 


Correc- 
tions. 

(i; 

(3] 
(4) 
(5] 

(6) 

(7) 

(8] 

(9) 
10) 

14] 

>i6] 
17] 

'21^ 
[22] 

23] 

[24] 
'25] 

;26] 

:27] 
:28} 

;29) 
[30] 
f3r 

t32) 

[331 

:34] 
[35] 
[36^ 

:37) 
(38] 

^39) 
[40) 

[41; 

[42) 

(43) 
[44) 
[45^ 
[46) 
[47) 
(48) 

[49) 

(50I 

:52) 

;53] 

154; 

(55) 
[56] 

157) 


UNITED  STATES   COAST  AND  GEODETIC  SURVEY. 

(c)  Figure  adjustmaii — Continued. 
Correlate  equaiiofts^  western  part. 

Ca       C3        C4        C5        C6        C7        C8        C9       Cio      Cii      Cxa      C13      C14      C15      C16      €17      Ct8      Ct9      Cao 


—  I 

—  I 

+1       -X 

+1  +1 


—I 

+1 


-I 

+1 


—  I 

+1 

—  X 

+1 


—  I   —I 

+1 
+1 


—I 

+1 


+1 


•    «  •  • 


«     •  •  < 


—  X 
-X   +1 

+1 


—  X    -  I 

+1         -X 

+x   +x 


—I 

+1 


—I 

+x 


—I 
+  x 


—I 

+1  +1 


+1 


—I 


+x 


•X   —I 

+1 

—I 

+1 


— X 

+X  -X 

-I  -l-I 

I  ■  •  •     ^j   X  •  •  •  • 


—  X 
-X    +1 

+1  .... 


—I 

+1 


—I 

+x 


—  I 


+1 


—  I 

+1 
+1 


—  I 

+1 


—  I 


—  I 

—  I 

+1 


+x 
—I 


+1 


—I 

+1 


>  •  «    •  •  I 


— X 

+1  -I 

+x 


—I 


+1 


—  I 

+1 

—  I 
+x 


I  •  •     •  •  < 


+1 


—  X    -X 

-1  +1 

'  •  •  •     •  •  •  •      ^^  » 

+1 


—  X 

1 • • •     ^~*   • • r •   •« 

+1  +1  -I 


—I 
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(c)  Figure  adjustment — Continued. 
Correlate  equations ^  western  part — Continued. 

Ci        Ca       C3        C4        C5        C6        C7        Ca        C9       Cio      Cxi      Cm        Cx3      C14      Cxs      C16      Cx?      Cx8      C19 


Correc 
tions. 


(58) 

(59) 
(60) 

(61) 

(62) 

(63) 
(64) 
(65) 
(66) 

(67) 
(68) 


Correc 
tions. 


Cao 

+  1 

—  I 
+1 


— 1 


—I 
+1 


Cai      C99 


Ca3 


Correlate  equations^  western  part — Completed. 

Ca4  Css  Ca6  Cay  CaB  Cap  Cjo 


C31 


—  I 
+  1 


C3. 


C33 


(0 

(2) 

(3) 
(4) 
(5) 
(6) 
(7) 
(8) 

(9) 
(10) 

(II) 
(12) 
(13) 
(14) 
(15) 
(16) 

(17) 
(18) 

(19) 
(20) 

(21) 

(22) 

(23) 
(24) 
(25) 
(26) 

(27) 
(28) 

(29) 
(30) 
(31) 
(32) 
(33) 
(34) 
(35) 
(36) 
(37) 
(38) 
(39) 
(40) 
(41) 


+i-6i 

-560 

.... 

-1-4 -69 
~6ao 

•  •  ■   • 

•  ■•  •   • 

4-2 -18 

4-1-51 

-461 

4-2-43 

4-4 '50 

.... 

•  •  ■   ■ 

«  •  •  • 

-4-58 

4-0-08 

—0-32 

-6  08 

4-6-08 

4-6-40 

4-1-35 

-9  65 

•       B     •       • 

•  •  •  ■ 

—4-18 
4-2-83 

4-3  "57 
4-0-62 

-hi -82 

-3-97 

-3 '25 

4-3-35 

■      •     ■       • 

4-1-53 

•  ■  •  • 

«  «  ■  • 

4-0 -14 
-1-38 
4-1-24 

4-1-35 


4-3 -00 


-1-12-84 

+3-06 

■  ■  •  • 

-15-90 

-6  06 

-4-41 

4-  3*o6 

4-3-06 

-f  2-64 

4-2-64 

-4-63 

-4-63 

•   •   •    • 

■  •  •  • 

+  I '99 

4-1-99 

4-2-43 

-r8o 

4-1*33 

—0-63 

—0-24 
-1-09 

4-a*i7 

-7-33 

4-5*16 


-I -61 


-1-89 

4-1 -89 

-1-51 

4-1 -51 

4-2-43 

-2*43 

4-0-08 

— o'o8 

~3'57 
4-3*57 


4-4*13 
-4*13 


—3*00 
4-3 '00 


4-1-33 
-x-33 
—a '17 

»  •  V  « 

+a*i7 


18732— No.  4 25 
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Correc- 
tions. 

C« 

C93 

C23 

(42) 

(43) 

(44) 

(45) 

•  •  •  • 

•    •   •    • 

*   •  •   • 

(46) 

(47) 

(48) 

(49) 

(50) 

•  •  •  • 

•    •   •    • 

•  •  •  • 

(50 

(52) 

(53) 

(54) 

(55) 

•  •  •  • 

■    •  •    • 

•  •  •   • 

(56) 

(57) 

(58) 

—  I 

(59) 

+  1 

(60) 

»  ■  •  • 

+  1 

■   •  •    • 

(61) 

—I 

(62) 

+1 

—I 

(63) 

—  1 

+  1 

(64) 

—1 

(65) 

+1 

•    «    •    • 

■    •  •    • 

(66) 

(67) 

(68) 

(69) 

—  I 

+  1 

(70) 

+1 

•   •  a   • 

■   •  •    • 

(71) 

—I 

(72) 

+  1 

—  I 

UNITED  STATES   COAST  AND  GEODETIC  SURVEY, 

(f)  Figure  adjustment — Continued. 
Correlate  equations^  western  part — Completed. 

C34  C95  Catf  C97  Ca8  Cs9  C30  C3Z 


C3» 


C33 


+  a'37 
-15  19 

+12*82 


+2  "37 
-2*64 


+4  01 
-6-88 
+2-87 


+0-27 

•  •  ■  • 

+0-88 
-6  26 

+5-38 
+236 

+0-85 

-3*21 

+1-58 

-2-43 

+0-85 

-5 '59 

+  1*58 

+4  "01 

+6-36 

•  •  •  • 

-8-46 

+2'IO 

•  •  •  • 

+0-27 

-XI5 

+088 
-2-36 
+2*36 

«  «  •    • 

+4  01 
—4*01 

+2 -ID 


—  2*10 

+   2 -21 

-2 -21 

-629 

+2  21 

+  4*o8 

■  ■  •  • 

■  •  •  • 

-085 
+0-85 
-I  03 
+  I-03 

-  043 

+043 

•  •  •  ■ 

-  4 -22 

-043 

+4'<» 

+   4-65 

+2-55 

-6-55 

+2*55 

-  255 

—10  01 

+4*29 

■  •  •  • 

+  4-29 

+  5  52 

-4*29 

-  5*30 

Normal  equations^  western  part. 


—  0*22 


Ci 

Ca 

C3 

C4 

Cs 

c« 

C7 

C8 

C9 

Cio 

Ci, 

Cl9 

C.3 

C14 

C.5 

Cx6 

CX7 

Cz8 

C19 

Co 

0=  — 

045 

+4 

—2 

+ 

2'II 

• 

+4 

+2 

+ 

214 

+6 

—2 

— 

050 

+6 

+2 

—2 

—  2 

—2 

+ 

>-55 

.  .   . 

•  •  • 

■  •  ■ 

•  ■  • 

+6 

+2 

■   •  • 

•    •    • 

•  •  • 

—2 

«  «  ■ 

•    •    ft 

•    •  ft 

■  •  • 

■    •  • 

«  •  ft 

ft  ft  • 

ft  «  • 

•  •  ft 

•  •  • 

"^ 

1-97 

O'OO 

+6 

+6 

—  2 

+2 

—2 

- 

3  94 

+6 

+2 

—2 

—2 

- 

033 

+« 

—2 

—2 

^2 

+ 

3  05 

•   «  ■ 

•  •  • 

■  ■  • 

•  •  • 

•  •  » 

•  •  • 

■  • 

•  •  • 

■  •  • 

+6 

•  •  • 

-2 

•   •    • 

•    •   • 

•   •    ■ 

ft   •  ft 

•      • 

•  • 

•  •  • 

•  - 

+ 

I  -Sa 

+6 

—  2 

+  2 

+  2 

—  2 

— 

3  15 

+6 

—  2 

+ 

'•32 

+6 

—  2 

— 

0*42 

+6 

—2 

+ 

070 

•   •  * 

•  •  • 

•  •  • 

•  •  • 

t  •  • 

•  •  • 

•  •  • 

«  •  • 

•  •  • 

•  •  • 

•  ■  • 

■  •  • 

•  ft  • 

•  ft 

+6 

—2 

■   «   ■ 

■  »  ■ 

—2 

*    • 

— 

1*34 

+6 

+2 

—2 

+2 

— 

1-86 

+6 

—2 

.. 

014 

+6 

+2 

—a 

.« 

I -ID 

+6 

+ 

1*99 

•  •  ■ 

■  •  • 

•  •  • 

•  •  • 

•  •  • 

■  •  • 

•  •  • 

•  •  • 

■  •  • 

•  •  • 

•  •  • 

•  •  ■ 

•  •  ■ 

■  •  • 

■  • . 

• .  ■ 

•  •  • 

■  •  * 

•  •  ■ 

+6 
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(c)  Figure  adjustment — Continued. 
Normal  equations ^  western  ^n^— Completed. 


Cai 

C« 

Ca3 

Cm         c,s 

Ca6 

C27 

C.8 

Ca9 

C30 

C31 

C3. 

C33 

-  0-45 

+  5'43 

-  5  14 

+  a'lx 

-  3-48 

+  I -81 

+  2-14 

—  II '21        —    1*83 

+  4*54 

-  0-50 

+  7  "31 

-•  8*41 

-  7*70 

+  1-55 

•  •  • 

•  •  ■ 

«   ■  • 

-ii'iS 

>    »   w     ■ 

+  3  "97 

•  •  •   • 

•   «  ■    « 

•   •  •   • 

•  •  •   • 

■  «  •  ■ 

+  2  62 

-  1*97 

+  2*10      -  4 '06 

+  273 

+  1*59 

O'OO 

+  2-78 

—  2  "24 

-4*63 

-  4*63 

—   2-24 

-  3*94 

—  6-40 

—  6-07 

+11-65 

+  15*90 

+  6-o6 

+  5 -ex 

-  033 

-10-53 

-  0-24 

+11-69 

+  1*85 

-433 

+  3*05 

«  •  ■ 

■  •  • 

•  •  • 

+1-82 

•  •  •  • 

-  1-97 

•  »  •  • 

>  •  •  • 

a    •   •    • 

•  •  •  • 

•  ■  •  • 

■  ■  ■  • 

+  1-82 

+  3-69 

-11*74 

-1590 

+  054 

+  0-59 

—  2-86 

-  3*15 

+  8-23 

—    1-01 

+  I -01 

+  I '32 

+  2*43 

-10-94 

+  I -61 

-5 -16 

-  1-90 

—   0"42 

+  3«9 

+  024 

-  0-73 

-  342 

+  5  16 

+  6  23 

+  0-70 

•  ■  • 

•  •  * 

•  •  • 

■•••                        •••• 

•     B    ■ 

-  6-88 

+   0-02 

—  0-30 

+  2-43 

+  0-03 

■  •  >  • 

-  2  16 

-1*34 

+  1*31 

-  7*54 

+  8-56 

-  4*53 

-  1-86 

+  5'io 

-  5*59 

+  I '79 

+  3*21 

+  1*72 

-  0-14 

-   1-25 

—  7-02 

-  2-44 

-  0-49 

—  X'lO 

+  1-31 

-  2-43 

+  0-45 

+  096 

+  1*99 

—2 

—a 

«  «  • 

«•■•                        ••«• 

k     •     ■      • 

■   •  •  • 

■    •  •    > 

•  •  •  • 

>  •  ■  • 

+  4*00 

+  0-37 

+  9'io 

o=-  1*49 

+6 

—2 

+10-51 

—  11*32 

—  2*42 

+6 

—2 

-  0-45 

-  4*31 

+  0*13 

+4 

-  4*71 

+  6-57 

-  6-2 

+107-094    +3-2662 

-16054 

-  8-2 

•  •  ■ 

•  •  • 

+157*621 

+    8-640 

-117  174 

•    ■  ■    • 

«  •  •  • 

•  •  •  ■ 

«  •  •  • 

•  •  •  • 

—  11-180 

-  04 

' 

+67-480 

-  30*193 

—62  -149 

-•32*038 

-  6-543 

.  -  47 

+248-329 

-50005 

+  3*970 

+95-318 

-437 

+860-111 

+183-803 

—51  -801 

-10-8 

+149*938 

—12  "672 

+  1-581 

-66-699 

+  35 

•  •  • 

■  •  • 

■   •  • 

■  •  •  •                        •  •  •  • 

.     •    ■      • 

•  •  «   • 

■    •   •    ■ 

•  •  •  • 

+210 -618 

-  4*794 

•  •  •  • 

+23*776 

—    1-0 

+150-908 

+18 -600 

-  5  725 

-  43 

+277*875 

-65  '479 

+  10-8 

+234  '534 

C,=-f  o  -338 
C=-o  786 
C3=-f  0-613 

C4=+i  -544 
Cs=-i  -320 

C6=-f  I  -478 
C7=-fo-85o 

C8=+i  -867 
C,=~o  538 


Resulting  values  of  correlates. 
C,o=— o  -219  C,8=-f  o  -177 


C,x=-|-o  245 
C,.=-ho  648 
C,3=+o  -091 
C,4=-f  o  -599 
C,5=+o  -339 
Ci6=+o  -159 
C,7=+o  -433 


C,9=+o  -171 

Cao=-f  O  080 

C9,= +0-400 

C„=+o  -585 

C»3=+0  490 
Ca4=+0  -048   3 

Ca5=4-o-oo8  5 


Qt6=-ro-o45  2 

Qr7=+0-003  31 

Ca8=-f  0-031  8 

Ca9=-|-0-023  8 

C3o=— 0*026  I 

C3i=— o'ooS  66 
C3a=— o-oo8  75 

C33=— 0012  3 
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Resulting  corrections  to  angular  directions. 


// 

// 

ff 

// 

(l)—  -0*240 

(19: 

)=-r  0-048 

(37; 

==— I  -no 

(55)=    0*212 

(2)=-ho-5i6 

(20; 

1 — l-o*i7i 

(38; 

>=+o-472 

(56)=-ro*386 

(3)=-o*252 

(21; 

>= -0-647 

(39; 

>--— 0-222 

(57)=-fo*r44 

(4)=  0-196 

(«; 

)—-f  0*862 

(40; 

)=-}-o*624 

(58) =-0-587 

(5)  =  -o-ii8 

(23; 

)—   -0-215 

(41; 

>— +0-347 

(59) =+0  620 

(6)_     I  '354 

(»4; 

)-- fo'333 

(42; 

|=-^o*o4i 

(6o)_+o*5i5 

(7)-- ^0-965 

(25; 

1—4- 1 -371 

(43: 

1=     I  -057 

(6i)=-o-33o 

(8)  =  -f-0-022 

(26; 

)— ^o*443 

(44; 

|=-ho-668 

(62)=— 0*077 

(9)=-uo-485 

(27' 

|=- 0-867 

(4s; 

)— +0*022 

(63)=-o-io8 

(10)  =  +0-389 

(28) 

(—- r-o*i72 

(46; 

|  =  +0*225 

(64)-    0-409 

(11)— -I  -007 

(29; 

)=-J-o*i48 

(47; 

l=+0-I02 

(65)=+o*288 

(12)-  -0-863 

(30; 

1=     I  -033 

(48; 

1=    o*339 

(66)=— 0*122 

(13)= -0-098 

(31' 

1= -0-567 

(49; 

>= -0*438 

(67)=    0*114 

(14)=    0-195 

(32. 

|=— 0*850 

(50: 

)=+o*o85 

(68)=+o-357 

(i5)-^o-796 

(33! 

)  =  4-0-685 

(51; 

1-—— 0-022 

(69)= -^0*050 

(16)     -7-0-978 

(34: 

)=-oo36 

(52; 

)= +0-058 

(7o)=+o*490 

(l7)  =  -Uo-22I 

(35 

)—- 5-0-202 

(53: 

>= +0*657 

(7i)=~o*537 

(18)  — —0-440 

(36: 

)  — — 0  *III 

(54: 

)=-o*35i 

(72)=+o*o5i 

(^)  Adjusted  triangles,  Maryland,   Virginia y  and  West  Virginia, 


No. 


Stations. 


I 


Hill. 

Webb 

Marriott 


»5oper 
2  {   Webb 
Marriott 


Observed  angles. 

o     /       // 

56  40  32  -oo 
53  10  52  -09 
70  08  36  -93 

I  02 

39  41  37  -08 

102  15  58  -28 

38  02  26  -57 


^tzr- '-»'" '-"" 

tions.     I 

angles,   excess. 


0-08 


//  // 

32  -08  o  46 

o  'OO      52  09  o  -46 

+0  -29      37  -22  o  -47 


— o  09      36  99 

000      58  28 

—0-38       26*19 


I  "39 
0-49 
0*48 
049 


Log  J. 

4  '392  324  7 
4-373  719  9 
4*443  721  I 

4  -392  324  7 
4*577  012  I 
4  -376  775  6 


59  "61 

44  54  03*49 

8  23  06  -84 

126  42   


— o  -01   03  -48 

— O  *02    06  *82 

• .  •  •   49  '94 


I  *20 
0*08 
0*08 

o*o8 
0-24 


4  -376  775  7 
3  -691  882  4 
4*432  017  4 


Distances 
in  metres. 


24  678  -84 

23  643  '94 
27  779  29 

24  678  *84 

37  758*27 
23  810*89 


1-93 

I  -46 

« 

Soper 

75 

01 

10  -92 

4  0-32 

II  "24 

043 

4-443  721  I 

27  779*29 

Webb 

49 

05 

06*19 

000 

06-19 

0-42 

4  '337  076  I 

21  730-82 

.  Hill 

55 

53 

43*41 
052 

-  0  -43 

43*84 

0-42 
I  -27 

4  -376  775  8 

23  810*90 

Soper 

35 

19 

33  84 

+0-41 

34*25 

0-40 

4/373  719  9 

23  643  94 

Marriott ' 

32 

06 

10-36 

4-0-67 

II  03 

0-40 

4  *337  076  2 

21  730*82 

.  Hill 

112 

34 

15*41 

4-0*51 

15*92 

040 

4-577  012  2 

37  758  -28 

23  810*90 

4  919*06 

27  040*67 
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(^)  Adjusted  triangles,  Maryland^   Virginia,  and  West  Virginia — Continued. 


No. 


10  < 


II  < 


13 


Stations. 


Stabler 

Webb 

Hill 

Stabler 

Soper 

Hill 

Peach  Grove 
8  \  Stabler 
Hill 


Sugar  Loaf 

Stabler 

Hill 

Sugar  Loaf 
Stabler 
Peach  Grove 

Sugar  Loaf 

Hill 

Peach  Grove 


Maryland  Heights 
12  {  Sugar  Loaf 
Stabler 


Maryland  Heights 
Sugar  Loaf 
Peach  Grove 


Maryland  Heights 
14  \  SUbler 

Peach  Grove 


Correc     ^P^®^"  Spher- 

Observed  angles.      ^-               ical  ical 
°             tions.           t 

angles,  excess. 


Log^. 


// 


62  40  22  '32 
57  28  13  -03 
59  51  2662 


01  97 
17  46  18-83 

158  15   

3  57  43*21 


51   03   01  "GO 
63   40   03  06 

^5  16  5750 


01  -56 

18  22   

134  09  4234 
27  28  15  03 


45  42  51-12 
70  29  39  -28 

63  47  31*09 


01-49 

27  20   

37  48  42-47 

114  50  32- -09 

3  33  53*32 

173  44  18-32 

2  41  47*75 


59*39 

30  31  14*53 
128  01  27  -20 

21  27  18  -70 


00 '43 

26  57   21  "21 

67  47  51*53 
85  14  49*79 

02  "53 


// 


// 


// 


I -61 
-0  -245     18  -585    o  -034 
58  -820    o  -033 

0-514    42-696   0-034 


—0-08 
—0-13 
+0-50 


00*92 

02-93 
58-00 


—     03-65 

+0  *73      43  *o7 
-l-o-io      15-13 


-t-0-20 

+0-85 
+0-30 


51  32 
40-13 
31*39 


47  -66 

-f  o  -40      42  -87 

-f-O  -22         32  -31 


-fl  -02 

+0-36 
+0-56 


15*55 
27*56 
19-26 


-f  I -08      22*29 

+0  -43      51  '96 
+0  -86      50  -65 


o-ioi 
0*62 
0-62 
0*61 


1-85 
0-62 
o-6i 
0-62 

1-85 

0-95 
0-94 

0-95 

2-84 

0-95 
0-95 
0-94 


2-84 
— o  -059    53  -261    o  -104 
-f  o  -562     18  -882    o  -104 
-f-o  -419    48  -169    o  -104 


0-312 
0-79 
0-79 
0-79 


2*37 
1-63 

1-63 

I  -64 

4*90 


4  '337  076  I 
4  -420  998  3 

3  -691  882  5 

4  -420  998  3 
4-482  609  8 
4  -488  456  8 

4  -420  998  3 
4*778  281  4 
4  -586  513  6 

4  -488  456  8 
4  *6o7  957  7 
4  -586  513  6 

4  -482  609  8 
4  -607  957  8 
4  -778  281  4 

4*586  513  6 
4  -830  573  o 
4  -465  432  7 

4  *6o7  957  7 
4-798  611  o 
4  -465  432  7 

4  -488  456  8 
4-798  611  I 
4  '830  573  o 


Distances 
in  metres. 


— 0-26      22 -06      0-53  4-443  721  I        27-779-29 

— o  02       13  -oi      0-54  4  -420  998  3        26  -363.  21 

—0-08      26-54      0-54  4-4320174        27040-67 


21  730-82 

26  363  -21 

4  919-06 

26  363  -21 
30  381  '54 
30  793  "34 

26  363  -21 
60  017  -99 

38  593  "45 

30  793  *34 
40  546  -91 
38  593  *45 

30  381  -54 
40  546  -92 
60  017  -99 

38  593  "45 
67  697  -56 
29  203  -35 

40  546  -91 
62  894-26 

29  203  -35 

30  793  '34 
62  894-28 

67  697  -56 
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{d)  Adjusted  triangles,  Maryland,  Virginia,  and  West  Virginia — Continued. 


No. 


i6 


17  - 


18 


19 


20 


21 


22  ^ 


23 


Stations. 


Bull  Run 
15  {  Maryland  Heights 
Sugar  Loaf 


Bull  Run 

Maryland  Heights 
Stabler 

Bull  Run 
Maryland  Heights 
Peach  Grove 

Bull  Run 
Sugar  Loaf 
Stabler 

Bull  Run 
Sugar  Loaf 
Peach  Grove 

Bull  Run 
Stabler 
Peach  Grove 

Mount  Marshall 
Maryland  Heights 
Sugar  Loaf 

Mount  Marshall 
Maryland  Heights 
Bull  Run 


'  Mount  Marshall 
Maryland  Heights 
Peach  Grove 


Observed  angles. 

o  /  // 

33    33    59*83 
71     25     27  '26 

75    00    38-59 


05-68 
67    51     56  -80 

67    51     33*94 

44      16      38  '02 


0876 
85      09      50  '70 

40    54     1273 
53    56    04-40 


07-83 

34  17  56-97 
98  43  39*73 
46  58  25-77 


02-47 

51  35  50-87 
53  00  48-61 
75  23  23  -lo 


02-58 

17  17  53*90 

23  3^  13*51 

139  10  54*19 


oi  -60 

18  25  47-94 

106  43  12  -67 

54  51  03-66 


04-27 
41  01  17-22 

35  17  45*41 
103  41  01  -62 


45 
76 
58 


04-25 
15  40-43 
II  58 -14 
32  34  06 

12-63 


Correc- 
tions. 

// 
-I -16 
—0-31 
—0*62 


+0-76 

-hi -18 
-fo-44 

-fo-68 

+098 
—0*12 

— o-o8 
-fo-41 
-fo-i8 

-ho-62 
+0*26 

-f-0*2I 

-^0-45 
+0-57 
4-0-38 


Spher-  Spher- 
ical       ical 
angles,  excess. 

//  // 

58  -67      I  -20 

26  '95       I  -20 
37  '97       I  '19 


— o  -40  56  -40 

— o  -26  33  -68 

-f-o  -02  38  -04 

— o  '49  50  -21 

—1-33  11-40 

— o  -68  03  -72 


57  73 
40-91 

26-21 


51*55 

49*59 
22-98 

53*82 
13-92 

54*37 

48-56 
12-93 
03-87 

17-67 

45*98 
02  -00 


o  01  40  -42 
o  76  57  '38 
-0-I5      33*91 


3*59 
2-70 

2  -71 

2  -71 

8-12 

1*77 
1-78 

1-78 

5*33 
I  '62 

I -61 

1  -62 

4*85 
1*37 
r37 
1*38 

4*12 
0*70 
0-70 
0-71 

2  -II 
1-79 
I  -78 
1-79 

5*36 
1-88 
1-88 
1-89 

5*65 
3*90 
3*91 

3  90 

II  -71 


Log  s, 

4  -465  432  7 
4*699  551  7 

4-707  753  2 

4  '830  573  o 
4  -830  553  5 
4-707  753  2 

4-798  611  o 
4  -616  253  o 

4  "707  753  3 

4*586  513  6 
4  -830  553  5 
4*699  551  6 

4  '607  957  7 
4  -616  253  o 

4*699  551  7 

4  -488  456  8 
4-616  253  I 
4  -830  553  6 

4  -465  432  7 

4  '946  793  I 
4  -878  122  3 

4  *707  753  2 
4  -652  400  4 
4-878  122  2 

4-798  611  o 

4  *934  439  o 
4-878  122  3 


Distances 
in  metres. 


29  203  -35 

50  067  01 

51  021  -49 

67  697  56 
67  694  52 
51  021  -49 

62  894*26 
41  328-82 
51  021  -51 

38  593  '45 
67  694  -52 
50  067  -00 

40  546  -91 

41  328-82 

50  067  -or 

30  793  *34 
41  328  83 

67  694  -53 

29  203  '35 
88  469  41 
75  530  -49 

51  021  -49 

'44  915  *93 
75  530*47 

62  894  26 
85  988  -24 
75  530  *49 


TRANSCONTINENTAL  TRI ANGULATION — PART  III — TRI ANGULATION.      39 1 


{d)  Adjusted  triangles ^  Maryland,   Virginia,  and  West  Virginia — Continued. 


No. 


24 


25 


26 


Stations. 


Mount  Marshall 
Sugar  Loaf 
Bull  Run 

Mount  Marshall 
Sugar  Loaf 
Peach  Grove 

Mount  Marshall 
Bull  Run 
Peach  Grove 


Clark 

27  {   M'  nnt  Marshall 
lun 

Fork 

28  \   Mount  Marshall 
Bull  Run 


29 


30 


31 


32 


f  Fork 
Mount  Marshall 
Clark 

Fork 
Bull  Run 
Clark 

Humpback 

Fork 

Clark 


Spear 

Humpback 

Fork 


Observed  angles. 

22    35     29  -28 

20    09    3493 

137     14    61. 45 


05-66 
26  49  5249 
73  10  23-54 
79    59    5276 


08-79 

4  14  23  -21 

171  09  07  -68 

4  36  29  -66 


40 
86 
52 


00-55 
54  4245 
33  27  -oi 
31  56  -29 


0575 
24  41  24  '02 

134    42    53*03 
20    35    48-13 


05-18 

87     51     45  '06 
48    09     26  -02 

43    58    54*95 


06-03 
63  10  21  -04 
31  56  08 -16 
84    53     37*40 


06*60 
27  01  48  -28 
98  41  42  '28 
54     16    32  -80 

03-36 

32    08     II  -61 

128    45     52  -84 

19    05     61-45 

05-90 


Correc-    Spher- Spher- 
^ .  ^  ical        ical 

tions.      «„„i^«  ^^^«>„„ 
angles,  excess. 


// 


—0-17 
-0-83 
—078 

—0-63 

-ro-15 
+041 


29-11 
34-10 
60-67 

51*86 

23*69 
53*17 


// 
I  -29 

I  -29 

1  -30 

3*88 

2  -91 
2  '91 
2  -90 


8-72 
— o  -468  22  -742  o  -242 
4-0 -III  07-791  0-241 
-i-o  -532  30  192  o  -242 


4  o  -46 
—0-25 

-ro-24 

—I  -40 
—0-19 
—0-52 

—  1*25 
4-005 
-0-94 

4-0-15 
+0-76 

—0-48 

4-1-04 
-ro-67 

+2-32 

4-0-49 
4-0 -II 

— O'lO 


42-91 

26*76 

56-53 

22  '62 

52-84 
47*61 

43*81 
26-07 

54*01 

21  -19 
08*92 
36   92 

49*32 
42-95 

35*12 

12  -10 

52-95 
61-35 


0725 
2  -07 
2  -06 
2  -07 

6  "20 
I  *02 

I  *o3 
I  -02 

3*07 

I  -29 

1-30 

1  -30 

3*89 

2*34 

2-34 
2-35 

7*03 

2  -46 

2-47 
2  -46 

7*39 
2-13 

2  -14 
2-13 

6-40 


Log  5. 

4  -699  551  7 

4  -652  400  5 

4*946  793  I 

4  -607  957  7 

4  *934  439  i 

4  *946  793  i 


4  '735  883  3 
4*608  327  o 
4  '577  810  3 

4*835  447  I 
4  *6o8  326  9 
4*883-177  2 


Distances 
in  metres. 


50  067  -oi 

44  915  '94 
88  469-41 

40  546  -91 
85  988  -25 
88  469  '41 


4  -616  253  o  41  328  -82 

4  '934  439  o  85  988  -24 

4  -652  400  4  44  915  *93 

4  *652  400  4  44  915  -93 

4  *835  447  I  68  461  -61 

4  '735  883  3  54  435  -63 

4  -652  400  4  44  915  *93 

4  -883  177  2  76  414  -75 

4  '577  810  2  37  827  -72 


54  435  *63 
40  581  -40 

37  827  -73 

68  461  -61 
40  581  -39 
76  414  -75 


4  *6o8  326  9  40  581  *39 

4  *945  819  I  88  271 *22 

4  -860  307  4  72  494  -89 

4  -860  307  4  72  494  *89 

5  -026  395  5  106  266  -29 
4  -649  283  4  44  594  *72 
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No. 


{d)  Adjusted  triayigles,  Maryland^  Virginia^  and  West  Virgi7iia — Continued. 

Correc-    ^P^^^"   Spher- 
Stations.  Observed  an>;les.  ^., "       ical         ical  Log  s. 


33 


34 


Spear 

Humpback 

Clark 


Spear 

Fork 

Clark 


1 


35 


36 


Slate  Springs 

Fork 

Humpback 

r  Elliott  Knob 
Slate  Springs 
Fork 


Elliott  Knob 

37  \   Slate  Springs 
Humpback 

Elliott  Knob 

38  I   Fork 
Humpback 

Tobacco  Row 

39  {   Humpback 
Spear 

Bald  Knob 

40  \   Elliott  Knob 
Humpback 

Bald  Knob 

41  {   Humpback 
Tobacco  Row 


tions. 


angles,   excess. 


// 


// 


// 


// 


Distances 
in  metres. 


54 

06 

29-41 

-I-0-61 

30*02 

3-26 

4*945 

819  I 

88  271  -22 

lOI 

44 

04-56 

-   0  93 

03*63 

3*27 

5*028 

099  9 

106  684*15 

24 

09 

37*37 
II  '34 

—  I  -23 

36  14 

3-26 

4-649  283  4 

44  594  -72 

9*79 

21 

5« 

17-80 

-fo-12 

17-92 

3*59 

4-608 

326  9 

581  -39 

79 

35 

40-83 

-fo'77 

41  -60 

3*59 

5*028 

100  0 

106  684  -17 

78 

26 

10-17 

+  i-o8 

II  -25 

3*59 

5  026 

395  5 

106  266  -29 

08 -So 

10-77 

65 

23 

08 -60 

+  1*54 

10-14 

3*46 

4-860 

307  4 

72  494  -89 

57 

17 

20 -co 

-fi-17 

21  -17 

3*47 

4*826 

684  6 

67  094  -14 

57 

19 

38-19 

+0-90 

39  09 

3*47 

4-826 

871  0 

67  122  *94 

06-79 

10*40 

49 

20 

19-32 

—  I  -00 

18-32 

2*19 

4-826 

871  0 

67  122  *94 

103 

56 

57 -So 

-ro-82 

58-62 

2  -20 

4*933 

878  8 

85  877  *38 

26 

42 

49-46 

+0-18 

49-64 

2  -19 

4*599 

631  8 

39  776  98 

06-58 

6-58 

106 

52 

21-83 

-ro-58 

22  -41 

I  -40 

4*826 

684  6 

67  094  -14 

38 

33 

49  20 

-  0  -72 

48-48 

I -41 

4-640 

544  0 

43  706-30 

34 

33 

52-86 

+0-47 

53*33 

I -41 

4*599 

631  7 

39  776  '97 

03-89 

4*22 

57 

32 

02-51 

-i- 1  *58 

04-09 

2-68 

4-860 

307  4 

72  494  -89 

30 

34 

30 '54 

+0-99 

31*53 

2-68 

4-640 

543  8 

43  706*27 

91 

•53 

31*05 

-t-i-37 

32-42 

2-68 
8-04 

4*933 

8787 

85  877  *36 

04  -10 

59 

27 

05*42 

—  I  -08 

04*34 

1*37 

4*649  283  4 

44  594  '72 

46 

51 

42-66 

—  I  -31 

41*35 

1*37 

4*577 

326  2 

37  785  *59 

73 

41 

19-08 

-0-66 

18-42 

1*37 

4*696 

339  5 

49  698  -07 

07  -16 

4 -II 

27 

39 

43*34 

-fo-08 

43*42 

I  -78 

4*640 

543  9 

43  706-28 

117 

II 

47*35 

—0-69 

46-66 

I  -78 

4  -922  915  3 

83  736*60 

35 

08 

36-48 

—  I  -21 

35*27 

1*79 

4  *733  925  0 

54  190*73 

07-17 

5*35 

36 

19 

14*75 

40 -60 

15*35 

2  -96 

4  -696  339  5 

49  698  -07 

57 

20 

16-97 

--I  -04 

18 -oi 

2*97 

4  -849  042  8 

70  638  -72 

86 

20 

34*03 

-l-i  -51 

35*54 

2-97 

4*922  915  2 

83  736*58 

05  *75 

8-90 
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(a)  Adjusted  triangles,  Maryland,  Virginia,  and  West  Virginia — Continued. 


No. 

Stations. 

Observed  angles. 

0 

/ 

// 

Paddy 

41 

33 

26-54 

42 

Slate  Springs 

46 

40 

33-81 

.  Elliott  Knob 

91 

46 

05-37 
0572 

Paddy 

50 

53 

11-97 

43 

Slate  Springs 

85 

14 

23-01 

Humpback 

43 

52 

35-76 
10-74 

Paddy 

9 

19 

45-43 

44 

Elliott  Knob 

161 

21 

32-80 

Humpback 

9 

18 

42-90 
01  -13 

Paddy 

82 

49 

60  32 

45 

Elliott  Knob 

44 

09 

45*45 

.  Bald  Knob 

53 

00 

16-88 

02  65 

Paddy 

73 

30 

14-89 

46 

Humpback 

25 

49 

53-58 

Bald  Knob 

80 

39 

60-22 
08  69 

Briery 

13 

57 

59-88 

47 

Paddy 

150 

00 

39-74 

Elliott  Knob 

16 

01 

22-13 
01-75 

Briery 

44 

57 

20-83 

48 

Paddy 

67 

10 

39-42 

Bald  Knob 

* 

67 

52 

02  85 
03-10 

Briery 

30 

59 

20-95 

49 

Elliott  Knob 

28 

08 

23-32 

Bald  Knob 

120 

52 

19-73 
04-00 

Keeney 

17 

50 

07*22 

50 

Briery 

143 

33 

59-75 

.  Paddy 

18 

35 

56-55 
03  52 

Keeney 

39 

34 

30-26 

51 

Briery 

98 

36 

38-92 

Bald  Knob 

41 

48 

57-15 
06-33 

Correc    ^\^'    ^f^f  " 

tions.  y  ^^* 

angles,  excess. 


// 

—  I  'lO 

4-0-24 
—0-46 


25-44 
34-05 
04-91 


-I-0-63  12 -60 

~o  -48  22  -53 

-o  -71  35  -05 

-fi-73  47-16 

— o  -13  32  -67 

—  I  -18  41  -72 

-hi  -07  61  -39 

-f  o  -57  46  02 

— o-ii  16*77 

— o  -65  14  -24 

— O  -02  53  -56 

-0  -03  60  -19 

-\-o  *i4  60  -02 

-hi -15  40-89 

—0*28  21-85 

fo-74  21*57 

-foo8  39-50 

+0  52  03  -37 


060  21-55 
o  85  24  -17 
0-41       20-14 


-\o  -oi  07  -23 

-f  o  -50  60  -25 

— 0-I2  56-43 

+0  -48  30  -74 

-024  38-68 

— o  -lo  57  -05 


// 

1-47 

1-47 
I  -46 


4-40 

3-39 
3-40 

3-39 

10 -18 
0-51 
0-52 
0-52 

1-55 
I  -40 

1-39 
1-39 
4 -18 
2*66 
2-66 
2-67 

7*99 
0*92 

0*92 

0*92 

2*76 

1-48 
1-48 
1-48 

4-44 

1*95 

1-95 
^ 

5-86 
1*30 

I -31 
I  -30 

3-91 
2*16 

2-15 

2*16 


Log^. 


4  -599  631  7 
4  -639  704  4 
4  -777  675  5 

4  -826  684  6 
4  -935  382  6 
4  -777  675  5 

4  -640  543  9 
4-935  382  5 
4  -639  704  3 

4  -733  925  o 
4  -580  373  6 
4  -639  704  3 

4  -922  915  2 
4  -580  373  6 
4  -935  382  3 

4  639  704  3 
4  '955  875  6 
4  -697  983  3 

4  -580  373  6 
4  -695  819  4 
4  -697  983  3 

4  733  925  o 
4  -695  819  5 
4  -955  875  7 

4  -697  983  3 
4  -985  576  5 
4  -715  574  4 

4  -695  819  4 
4*886  701  5 

4  -715  574  3 


Distances 
in  metres. 


39  776-97 
43  621  -88 

59  934  -31 

67  094-14 
86  175  -26 

59  934  -31 

43  706-28 

86  175-24 
43  621  87 

• 

54  190-73 
38  051  -66 

43  621  -87 

83  736  -58 
38  051  -66 
86  175  -20 

43  621  -87 

90  339  -07 
49  886  -53 

38  051  -66 
49  638  -59 
49  886  -53 

54  19073 
49  638  60 

90  339  -09 

49  886  -53 

96  733  '41 
51  948-67 

49  638  '59 
77  037  -38 
51  948-66 


6-47 
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No. 


52 


56 


(flf)  Adjusted  triangles,  Maryland ,  Virginia^  and  West  Virginia — Completed. 

Correc-    ^P^®''"   Spher- 
Stations.  Observed  angles.        \', "      ical         ical  Log  s. 


tions. 


angles,  excess. 


Distances 
in  metres. 


// 


n 


// 


tf 


Keeney 
Paddy 
Bald  Knob 


21     44    23  -04 
48    34    42-87 

109      40      60  '00 


05-91 
112    05    43*17 

43    32     19*97 
24    21    60  '95 


04  09 

26    09    4577 

52     14    34-52 

loi    35    44-87 


Summers  ville 
55  \  Briery 
Beech 


05  16 

20  52  15  90 

27  18  53  -06 

131  48  49*92 


Summersville 

Beech 

Ivy 


58-88 
95  56  58*09 
63  50  52-39 
20    12     15-48 


05*96 


+0  "47  23-51  2  '34 
-ho  -20  43  -07  2  '34 
-f  o  '43      60  -43      2  -33 


-085 

-073 
—0-41 

+0-54 
-fo-25 

+0-70 

-f-o*59 

-f  I  -21 

-fo*62 

—0-05 
—0-03 
— 005 


42-32 
19-24 

60-54 
46-31 

34  77 
45*57 

16-49 
54*27 
50-54 

58-04 
52-36 
15*43 


7  -01 
0-70 
0-70 
0-70 

2-10 
2*21 
2  -22 

2*22 
6-65 

0-43 
0-43 
0-44 

I  -30 

1*95 
1*94 
1*94 

5*83 


4*580  373  6  38  051-66 
4  -886  701  4  77  037  -36 
4  -985  576  3    96  733  *37 


4  715  574  3 
4  -586  819  2 

4-364  201  5 

4*586  819  2 
4  -840  426  o 

4  *933  509  7 

4-364  201  5 
4  -474  126  2 
4  -684  764  9 


4  933  509  7 
4  -888  948  7 

4*474  126  3 


51  948*66 
38  620-62 
23  131-38 

38  620*62 
69  251  -00 

85  804  -43 

23  131  -38 

29  793  '82 
48  391  -04 

85  804  -43 
77  437  03 
29  793. 83 


{e)  Precision  of  the  Allegheny  series  of  triangles. 

For  a  fair  estimate  of  the  precision  of  the  Allegheny  series  of  triangles,  we  make 
use  of  the  mean  error  m  of  an  adjusted  angle,  where — 


m 


=    IlL^I    and   p=i 


For  the  eastern  part,  we  hav< 


m 


-^l 


2  X  4-538  - 


22 


=  =bo"-64 


for  the  western  part  we  hav« 


^=^12<.J017^ 


and  for  both  together — 


33 


=  zt:l"-I3 


2   X  25-416  _ 


55 


=  ito"-96 
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The  probable  error  in  length  of  any  side  of  the  triangulation  arising  from  the 
angular  measures  may  be  computed  by  means  of  the  usual  formulae — 

ea  =0-674  5  m  ^Ua  and  ««  =  f  (^a  )"*  -^1  [<^5  +  ^a^b+  ^l] 

H  nun 

To  this  must  be  added  the  probable  error  due  to  that  of  the  side  of  the  base  net. 

We  select  the  side  Fork  to  Clark,  since  it  divides  the  series  of  triangles  into  two 
nearly  equal  parts.  Starting  from  the  s'de  Webb  to  Marriott  of  the  Kent  Island  Base 
Net,  we  have  <y«  =  10*7  in  units  of  the  sixth  place  of  decimals  in  the  logarithm  of  the 

side  Fork  to  Clark,  2  =  128*5  (8  triangles),  ea  =  ±0*375  metre,  e,,=  zh  0*362   metre, 

and  ^1  =  d=  0*521  metre.  Starting  from  the  side  Ivy  to  Summersville  of  the  St.  Albans 
Base  Net  ^=133*7  (9  triangles),  ^a  =dro*68o  metre,  ^6=rt  0*252  metre,  and 
et=  d=  0*725  metre. 

For  the  probable  error  of  the  side  Fork  to  Clark  as  a  line  in  the  adjusted  triangula- 

tion  e  =    ,  ■>  ■   -  =  db  0*423  metre. 

This  is  about  ^  ^  Viriy  P^i^t  of  the  length  of  the  side. 

The  efiFect  on  the  arc  for  the  two  sections  will  be  with  suflScient  accuracy — 


Webb-Marriott  to  Fork-Clark 
Fork-Clark  to  Ivy-Summersville 


Distance. 

Probable  errors. 

Average. 

km. 

m. 

136 

TTi^iyffTr            vy^yuir 

tutSoit 

±1*32 

257 

vr^TTT          TTT^ffZfir 

l^JS^TSJSV 

±:2I4 

Sum 


=£=3-46 


The  above  distances  are  measured  along  the  thirty-ninth  parallel  between  the  pro- 
jections of  the  middle  points  of  the  terminal  sides. 

(3)   THE  OHIO  SERIES  OF  TRIANGLES. 

1883-8.  -   --36-87,  1889-90. 
(a.)  Inirodiution, 

This  branch  of  the  triangulation  after  leaving  the  mountainous  part  of  West  Virginia 
enters  the  Ohio  Valley  and  follows  the  same  more  or  less  closely  and  with  about  uniform 
width  up  to  its  western  end  at  the  Holton  Base  figure.  The  work  was  in  charge  of 
Assistant  A.  T.  Mosman,  and  was  carried  out  between  the  years  1883  and  1890;  measured 
along  the  middle  of  the  triangulation  its  extent  between  the  two  base-net  lines  is  about 
330  kilometres,  or  205  statute  miles. 

The  following  remarks  were  communicated  by  Assistant  Mosman: 

From  the  St.  Albans  Base  in  the  Kanawha  Valley  the  triangulation  passes  over  heavily  wooded 
country  to  the  Ohio  Valley  and  then  down  this  valley  to  the  vicinity  of  Cincinnati,  having  stations  in 
both  Ohio  and  Kentucky.  This  was  a  very  difficult  country  to  triangulate,  as  the  tops  of  the  numerous 
ridges,  all  heavily  wooded,  were  nearly  of  the  same  height,  forming  a  plateau  in  which  numerous 
streams  had  cut  channels.  The  country  was  thinly  settled;  roads,  all  in  the  valleys  of  the  streams, 
were  few  and  very  rough.  It  was  neces  ary  to  build  signals  here  varying  from  30  to  80  feet  in  height 
to  get  lines  of  20  miles  in  length,  and  heliotropes  had  to  be  used  on  lines  longer  than  12  or  15  miles. 
From  near  Cincinnati  the  series  passed  through  Kentucky  and  Indiana,  leaving  the  valley  of  the  Ohio 
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River;  in  the  latter  State  it  passed  through  an  almost  level  country  very  heavily  wooded  to  the  Holton 
Base  line,  which  is  located  on  a  high  ridge.  This  is  a  fanning  and  lumber  country  with  forests  over 
loo  feet  high  for  miles  in  every  direction;  here  signals  of  from  loo  to  150  feet  in  height  were  necessary, 
and  heliotropes  were  used  on  lines  over  10  miles  in  length  unless  the  sun  was  at  t  e  observer's  back, 
in  which  case  a  pole  with  a  lozenge  target  could  be  observed  on. 

The  observers  habitually  observed  their  directions  with  the  circle  of  the  theodolites  in  17  positions 
with  2  series  in  each;  in  case  the  series  contained  only  part  of  the  directions  they  were  multiplied 
until  a  sufficient  number  of  series  was  obtained. 


{b)  Abstract  of  resulting  horizontal  directions  at  each  station  front  local  and  from  figure 

adjustments. 


Piney,  Cabell  County,  West  Virginia. 
No.  114.     A.  T.  Mosman  and  W. 
30-centimetre  theodolite,  No.  118. 


August  21  to  September  4,  1883.     50-centimetre  theodolite, 
B.  Fairfield,  observers.     December  16  to  December  21,  1891. 
W.  B.  Fairfield,  observer. 


No.  of 
direction. 


ReruUing  directions 
from 


Approxi-  Corrections    Corrections     Final  sco- 

mate        from  base        from  base       onds  in 
probable     net  adjust-   net  and  figure   triangu- 


Objects  observed. 

Pigeon 

3  Davis 

4  Gebhardt 
Simms 
Holmes 
Coal 

Table  Rock 
Big  Rocks 

Mean     o  '00 
Probable  error  of  a  single  observation  of  a  direction  (/?.  and  .^. )  =  ifc  o^''66. 

Pigeon,  Lincoln  County,  West  Virginia.    July  21  to  August  5, 1883.     50-centimetfe  theodolite,  No.  114. 

A.  T.  Mosman  and  W.  B.  Fairfield,  observers. 


BUttlU 

U  BU, 

lUSVIIlCUU 

error. 

ment. 

adjustment. 

latiou. 

0 

/ 

// 

ff 

// 

// 

ff 

0 

00 

00 'OO 

=bo*o8 

—0*17 

59-83 

66 

33 

51  05 

0*12 

—0*09 

50  96 

117 

16 

06*01 

008 

—0*32 

05-69 

265 

09 

53-84 

o*ii 

—0-28 

53  56 

270 

36 

07*62 

0*09 

-fO*2I 

0783 

293 

29 

60*19 

0*09 

039 

5980 

304 

16 

56*84 

0*13 

-(-o*45 

57-29 

310 

51 

38-03 

o*ii 

-f-o*i8 

38 -21 

I 

2 


Piney 
Big  Rocks 
Table  Rock 
Ivy 
Davis 
Gebhardt 


o  /              //  // 

o  00  oo'oo  ±0*09 

41  27  17-14  0*13 

94  31  34-23  o-io 

132  07  07*02  O'lO 

296  48  34*59  0-I2 

332  13  32-79  0*12 


// 
—0*12 

-}-0*20 

-fo*32 

—0*40 


// 


// 


—0-03 

-fo*59 


59-88 

17-34 

34*55 
06*62 

34-56 
33-38 


Mean      o  'oo 
Probable  error  of  a  single  observation  of  a  direction  (Z?.  and  ^.)  =  ±  o'^*72. 
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(d)  Abstract  of  resulting  horizontal  directions  at  each  station  from  local  and  from  figure 

adjustments — Continued. 

Gebhardt^  Cabell  County,  West  Virginia.  October  28  to  November  9,  1883.  30-centimetre  theodo- 
lite, No.  118.  Telescope  above  ground  15*27  metres.  A.  T.  Mosman,  observer.  September  7  to 
September  9,  1884.  30-centimetre  theodolite,  No.  118.  Telescope  above  ground  15*27  metres. 
A.  T.  Mosman,  observer. 


No.  of 
direction. 

Objects 

ID 

Piney 

II 

Pigeon 

12 

Davis 

^3 

Oakland 

14 

Fradd 

15 

Wray 

Resulting  directions 
from  sta- 
tion adjustment. 

Approximate 

probable 

error. 

Corrections 
from  figure 
adjust:.ient. 

Final  secoi 

in  triang 

lation. 

0        / 

// 

// 

// 

// 

0     00 

00 'OO 

-^-o*II 

--0*20 

00  "20 

34     57 

29*07 

o*l6 

-  o*i8 

28*89 

85     02 

10*85 

0*11 

— 0-20 

10*65 

122      59 

04-54 

o*22 

-ho -41 

"4*95 

167      05 

29*86 

0-15 

o*53 

29  33 

173      03 

19*07 

009 

4-0-30 

^9*37 

Probable  error  of  a  single  observation  of  a  direction  (Z>.  and  A*.)  =  dr  ©''^•89. 

Davis,  Cabell   County,  West  Virginia.     October  8  to  October  18,  1883.     30-centimetre  theodolite, 
No.  118.     Telescope  above  ground  25*91  metres.     A.  T.  Mosman,  observer. 


7 

Gebhardt 

8 

Piney 

9 

Pigeon 

5 

Oakland 

6 

Wray 

0 

/ 

// 

// 

// 

// 

0 

00 

00*00 

-^-0*13 

-i  0  *T4 

00    14 

44 

15 

3571 

0*13 

4-0-32 

36  03 

94 

30 

21-33 

0*11 

— 0'20 

21  -13 

248 

55 

19  65 

0*I2 

-0*51 

19*14 

316 

58 

1775 

0*13 

—0*25 

18*00 

Probable  error  of  a  single  observation  of  a  direction  (D.  an^  R.)=  ±:  <y'"j%' 

IVray,  Lawrence  County,  Ohio.     August  5  to  September  3,  1884.     30-centimetre  thewlolite,  No.  118. 

Telescope  above  ground  25  '91  metres.     A.  T.  Mosman,  observer. 


16 

Gebhardt 

17 

Davis 

18 

Oakland 

19 

Fradd 

0 

/ 

// 

// 

// 

/f 

0 

00 

00  "OO 

-»-o*09 

4-0-27 

00  27 

48 

57 

10 -88 

O'lO 

039 

10*49 

100 

32 

59*95 

0*11 

-o*44 

59 '51 

159 

II 

36*04 

0*13 

-fo*56 

36  60 

Probable  error  of  a  single  observation  of  a  direction  {D.  and  R.)  =  :^c/'"jo. 

Oakland f  Boyd  County,  Kentucky.      September  18  to  October  2,  1884.      30-centimetre  theodolite, 
No.  118.     Telescope  above  ground  15*09  metres.     A.  T.  Mosman  and  W.  B.  Fairfield,  observers. 


20 

Buena  Vista 

21 

Gould 

22 

Fradd 

23 

Wray 

24 

Gebhardt 

25 

Davis 

0 

00 

ft 
00  00 

// 
-4-0*09 

// 
—O'OI 

// 

0 

59*99 

47 

46 

21  *92 

0*09 

-0-33 

21*59 

93 

II 

00  23 

0-I2 

4-0*04 

00*27 

107 

33 

09*48 

O'lO 

4-0*23 

0971 

136 

55 

58*01 

0*11 

0*47 

57*54 

167 

54 

23*01 

0*13 

4-0*54 

23*55 

Probable  error  of  a  single  observation  of  a  direction  (Z?.  and  -^. )  =  db  c/^'T^. 


\.r: 
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(b)  Abstract  of  resulting  horizontal  directions  at  each  station  from  local  and  from  figure 

adjustments — Continued. 

Fraddy  Lawrence  County,  Ohio.     August  5  to  August  14,  1885.    30-centimetre  theodolite,  No.  135. 

Telescope  above  ground  14-17  metres.     W.  B.  Fairfield,  observer. 


No.  of 
direction. 

Objects  obs4 

26 

Wray 

27 

Gebhardt 

28 

Oakland 

29 

Buena  Vista 

30 

Gould 

31 

Scioto 

Resulting  directions 
from  sta- 
tion adjustment. 

o        /         // 

o     00     00*00 

14  50  33*64 
106  59  13-41 

133  55  54*45 
190  31  27-12 

202     13     50  -67 


Approximate  Corrections 

prolMible  from  figure 

error.  adjustment. 

//  // 

=bo-i5  —0-32 

o  -24  — o  -18 

o  -24  -f-o  -27 

o  -22  -fo  "59 

O  -22  — O  -23 

o  '23  — o  -14 


Pinal  seconds 

in  triangu- 

lation. 


// 


59*68 
33*46 
13*68 

55*04 
26-89 

50-53 


Probable  error  of  a  single  observation  of  a  direction  (D.  and  ^. )  =  d=  1^^*37. 


Buena  Vista  ^  Greenup  County,  Kentucky.  October  11  to  October  21, 1884.    30-centimetre  theodolite, 

No.  118.     Telescope  above  ground  1-83  metres.    A.  T.  Mosman  and  W.  B.  Fairfield,  observers. 

Oakland  o    00    00 '00 

Cave  200    43    46*49 

Howland  223    50    50*02 

Gould  250    30    50-14 

Fradd  300    07    41  -42 


36 
32 

33 
34 
35 


// 

// 

// 

±0-09 

-ho -04 

00*04 

0*14 

-fo-28 

4677 

o-io 

-{-0-I2 

50-14 

O'lO 

-fO-30 

50-44 

0-06 

-o*73 

40*69 

Probable  error  of  a  single  observation  of  a  direction  {D,  and  R,)  =  ±0^^-66. 


Gould ^  Scioto  County,  Ohio.     July  27  to  August  5, 1885.     30-centimetre  theodolite,  No.  1 18. 
above  ground  20*27  metres.     A.  T.  Mosman  and  W.  B.  Fairfield,  observers. 


Telescope 


40 

Howland 

Springville 

41 

Scioto 

Azimuth  Mark 

37 

Fradd 

38 

Oakland 

39 

Buena  Vista 

0 

00 

00 'OO 

-ho -13 

// 
— 0*02 

// 

0 

59*98 

36 

55 

04-14 

0*09 

40 

45 

59  69 

0*13 

—0*11 

59*58 

96 

50 

45  05 

0*17 

196 

32 

45*93 

0*I2 

+0*25 

46-18 

247 

35 

55*86 

0*13 

+0-14 

56  00 

270 

20 

25*99 

0*13 

—0-25 

25*74 

Probable  error  of  a  single  observation  of  a  direction  (D.  and  ^. )  =  db  o^'-8o. 

Howland,  Greenup  County,  Kentucky.     August  31  to  September  7,  1885.     30-centimetre  theodolite, 
No.  135.     Telescope  above  ground  20*27  metres.     W.  B.  Fairfield,  observer. 


42 

Gould 

43 

Buena  Vista 

44 

Cave 

45 

Round  Top 

46 

Scioto 

Springville 

0 

/ 

// 

// 

// 

// 

0 

00 

00-00 

±0-22 

-fo*o6 

00*06 

63 

40 

26-41 

0*25 

-fo-o6 

26*47 

133 

03 

37*38 

0-20 

+0-83 

38-21 

178 

48 

19*30 

0-19 

-0*39 

18*91 

255 

17 

51  -oi 

0*22 

-0-55 

50-46 

264 

29 

19*76 

0*46 

Probable  error  of  a  single  observation  of  a  direction  (Z>.  and  /?.)  =  ±  i'''"33. 
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(d)  Abstract  0/  resulting  horizontal  directions  at  each  station  front  local  and  from  figure 

adjustments — Continued. 

Scioto,  Scioto  County,  Ohio.     November  11  to  November  30, 1885.     30-centimetre  theodolite,  No.  118. 
Telescope  above  ground  30*94  metres.     A.  T.  Mosman  and  W.  B.  Fairfield,  observers. 


No.  of 
direction. 

Objects  ob8erve< 

49 

Rowland 

50 

Round  Top 

51 

Twin  Creek 

52 

Peach  Mount 

North  Meridian 

47 

Fradd 

48 

Gould 

Springville 

Resulting  directions 
from  sta- 
tion adjustment. 

Approximate 

probable 

error. 

Corrections 
from  figure 
adjustment 

Pinal  seconds 
in  triangu- 
lation. 

0       / 

// 

// 

// 

// 

0     00 

00*00 

±009 

+0*63 

00*63 

59     14 

3378 

0*14 

—0*65 

33*13 

91     28 

35-78 

0*16 

—0*09 

35  69 

138    37 

3839 

o*t8 

—0-17 

38*22 

308    32 

00*58 

0*23 

312    57 

18-65 

.o*2i 

4-0*28 

18*93 

325    28 

09*30 

0*15 

O*0O 

09  30 

336     14 

25*12 

0*18 

Probable  error  of  a  single  observation  of  a  direction  (D.  and  R.)  =  ±0^^*90. 

Cave,  Greenup  County,  Kentucky.    August  27,  to  August  29,  1885.    30-centimetre  theodolite,  No.  135. 

Telescope  above  ground  9*60  metres.     W.  B.  Fairfield,  observer. 


53 

Round  Top 

54 

Howland 

55 

Buena  Vista 

0 

/      .           // 

// 

// 

// 

0 

00        00    00 

±0*15 

-|-i"25 

01*25 

96 

24    31  -lo 

0*29 

-083 

30*27 

»83 

54     16  '45 

0*22 

—0*42 

16*03 

Probable  error  of  a  single  observation  of  a  direction  (/?.  and  R.)=z±:  i'^"^^. 

Round  ToPy  I^ewis  County,  Kentucky.     October  22  to  November  8,  1885.     30-centimetre  theodolite, 
No.  135.     Telescope  above  ground  i*68  metres.     W.  B.  Fairfield,  observer. 


57 

Twin  Creek 

58 

Scioto 

Springville 

59 

Howland 

60 

Cave 

56 

Cherry  Ridge 

0 

/ 

// 

// 

ff 

ff 

0 

00 

00*00 

±0*17 

+0-31 

00*31 

70 

08 

47-80 

0*21 

+0*73 

48-53 

86 

21 

18*82 

0*29 

114 

24 

44  79 

0*17 

+046 

45  25 

152 

15 

37 '27 

0*23 

—  1*32 

.35*95 

314 

29 

02*28 

0*20 

— o*i8 

02  *IO 

Probable  error  of  a  single  observation  of  a  direction  (Z?.  and  ^.)  =  rh  1^^*29. 

Peach  Mount,  Adams  County,  Ohio.     September  9  to  September  25,  1886.     30-centimetre  theodolite, 
No.  118.     Telescope  above  ground  15*24  metres.     A.  T.  Mosman  and  W.  B.  Fairfield,  observers. 


Twin  Creek 

0 
0 

00 

ff 
00*00 

ff 
dbo*io 

ff 
c*4:) 

ff 

66 

59*60 

67 

Cherry  Ridge 

40 

05 

57*46 

0*09 

—0-15 

57*31 

West  Union  Children's  Home 

71 

43 

56-97 

0*22 

68 

Cave  Hill 

94 

II 

06  28 

0*14 

+0*36 

06*64 

69 

Ash  Ridge 

112 

51 

36-99 

0*13 

— 0*20 

36*79 

65 

Scioto 

316 

30 

42-44 

0*17 

-fo*39 

42-83 

Probable  error  of  a  single  observation  of  a  direction  (D,  and  ^. )  =  ±  0^^*81. 
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(^)  Abstract  of  resulting  horizontal  directions  at  each  station  from  local  and  from  figure 

adjustments — Continued. 

Cherry  Ridge ^  Lewis  County,  Kentucky.     October  12  to  October  20,  1886.     30-centimetre  theodolite. 
No.  118.     Telescope  above  ground  i"68  metres.     A.  T.  Mosman  and  W.  B.  Fairfield,  observers. 


No.  of 
direction. 


74 

75 
70 

71 
72 


73 


Objects  observed. 

Twin  Creek 

Round  Top 

Minerva 

Ash  Ridge 

Cave  Hill 

West  Union  Children's  Home 

Peach  Mount 


Resulting:  directions     Approximate     Corrections    Final  seconds 
from  sta-  probable        from  figure      in  triangu- 

tion  adjustment.  error.  adjustment  lation. 


// 


o 
28 


00  00  "OO 

10  13  -41 

203    01  17  63 

245    30  43 '53 

259     25  04  63 

267    48  36  13 

306    48  16  "09 


// 
±008 
o"io 

O'lO 
O'll 

0-13 

0'22 
0*I2 


// 
—0*46 

4-0-34 

+0-08 
— 002 
—0*17 

f  o  24 


// 


59*54 

1375 
17  71 

43*51 
04-46 

16-33 


Probable  error  of  a  single  observation  of  a  direction  (Z>.  and  R, )  =  dio^^'67. 


Cave  Hill,  Adams  County,  Ohio.      September   29  to   October  8,  1886.      30-centimetre   theodolite, 
No.  118.     Telescope  above  ground  i'68  metres.     A.  T.  Mosman  and  W.  B.  Fairfield,  observers. 


Peach  Mount 

0 
0 

00 

// 
00 -oo 

// 

zb0'09 

// 
—0*27 

// 

76 

59*73 

West  TTnion  Children's  Home 

62 

10 

03-40 

0-2I 

77 

Cherry  Ridge 

78 

31 

39  56 

0"I2 

-fo-i8 

39  74 

78 

Minerva 

164 

51 

28-82 

0'14 

O'OO 

28-82 

79 

Ash  Ridge 

223 

57 

43*24 

0-15 

-^0*09 

43*33 

Probable  error  of  a  single  observation  of  a  direction  {D,  and  R.)  =  ±z  ©^''-79. 

Ash  Ridge,  Brown  County,  Ohio.     June  22  to  July  5,  1887.    30-centimetre  theodolite,  No.  118.    Tel  - 

scope  above  ground  27-89  metres.     A.  T.  Mosman,  observer. 


81 

Cave  Hill 

82 

Cherry  Ridge 

83 

Minerva 

84 

Flaugher 

85 

Tate 

80 

Peach  Mount 

0 

00 

// 
00  "OO 

// 

rtOI3 

—0*07 

// 

0 

59  '93 

20 

39 

35-83 

0-19 

+0-09 

35-92 

91 

12 

51-00 

o-i8 

4-0-25 

51  -25 

123 

28 

35  97 

0-13 

-0-32 

35*65 

154 

15 

57-66 

0*17 

—  0*09 

57*57 

334 

42 

45*76 

0-16 

-^0-13 

45*89 

tion 

of  a 

direction 

[D.  and/?.) 

H  j/^-oi. 

Minerva,  Mason  County,  Kentucky.     July  11  to  July  31,  1887.     30-centimetre  theodolite,  No.  118. 

Telescope  above  ground  14*17  metres.     A.  T.  Mosman,  observer. 


Ash  Ridge 

0 
0 

00 

// 
00-00 

-•-0-09 

// 
—0  -QI 

// 

88 

59*99 

89 

Cave  Hill 

29 

40 

55-14 

0*17 

-rO-i2 

55-26 

90 

Cherry  Ridge 

66 

57 

21-54 

o-i6 

—0-23 

21-31 

Brookville  Methodist  Church 

225 

40 

16-92 

0-25 

spire 

86 

Flaugher 

244 

15 

56-50 

016 

— O'lI 

56-39 

Felicity  Town  Hall 

282 

29 

03  84 

029 

87 

Tate 

293 

II 

39*27 

0-15 

+023 

39*50 

Azimuth  Mark 

333 

II 

35-09 

o-io 

• 

Probable  error  of  a  single  observation  of  a  direction  {D.  and  R.)  =  ztiO^^'^i. 
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(i)  Abstract  of  resultifig  horizontal  directions  at  each  station  from  local  and  from  figure 

adjustments — Continued. 

Tunn  Creeky  Adams  County,  Ohio.    August  28  to  September  i,  1886.     30-centimetre  theodolite,  No. 

118.     Telescope  above  ground  24*84  metres.     W.  B.  Fairfield,  observer. 


No.  of 
direction. 


62 

63 
64 
61 


Objects  observed. 


Resulting  directions    Approximate     Corrections 


Round  Top 
Cherry  Ridge 
Peach  Mount 
Scioto 


from  sta 
tion  adjustment. 

o  /          // 

o  00  OO'OO 

106  18  47  '42 

193  01  07  '60 

282      22      49  '83 


probable 
error. 

// 
=hO*I4 

0*14 

O'll 

o*ii 


from  figure 
adjustment. 

// 

— 0*41 

-fo-28 
-Fo-23 
—0*09 


Pinal  seconds 

in  triangu- 

lation. 


// 


59 '59 
4770 
07-83 

49  74 


Probable  error  of  a  single  observation  of  a  direction  {D,  and  R.)  = 


o''78. 


Tate,  Clermont  County,  Ohio.     September  8  to  October  11,  1887.     3o-centim2tre  theodolite,  No.  ir."\ 
Telescope  above  ground  39*18  metres.     A.  T.  Mosman  and  W.  B.  Fairfield,  observers. 


// 


// 


// 


// 


Felicity  Town  Hall 

0 

00 

00*60 

±o'o8 

93 

Flaugher 

36 

43 

20 '35 

0*12 

-f-o-o3 

20-38 

94 

Stevens 

102 

54 

35  45 

0*15 

"•35 

35  "lo 

Alexandria  Court-house 

III 

38 

43*21 

o'i6 

95 

Tanner 

"4 

42 

11*53 

0*I2 

-fo-44 

11*97 

Cold  Spring  spire 

"5 

32 

08  20 

032 

91 

Ash  Ridge 

289 

54 

58*98 

012 

+0*53 

59*51 

92 

Minerva 

340 

03 

35*39 

013 

—0-65 

34*74 

Probable  error  of  a  single 

observation  of  a 

direction 

(/;.  andy?.) 

-  it:0''''79. 

/7a«^A^rr,  Pendleton  County,  Kentucky.     October  16  to  November  20,  1887.    30  centimetre  theodolite, 
No.  135.     Telescope  above  ground  27*8;)  metrj;.     W.  B.  Fairfield,  observer. 


// 


// 


// 


// 


Felicity  Town  Hall                                0 

00 

CX)  'oo 

-+-o*io 

99 

Ash  Ridge                                              18 

26 

45*62 

0-36 

-0-58 

45*04 

100 

Minerva                                                 50 

26 

58-34 

014 

—0*42 

58*76 

Brooksville  spire                                  64 

59 

II  87 

0-38 

Williamstown  Court-house               205 

24 

46-39 

0-29 

96 

Dry  Ridge                                            214 

30 

27  43 

0*19 

—0*17 

27-26 

Fiskburg  spire                                     246 

14 

55  00 

0-48 

97 

Stevens                                                267 

oS 

37 '60 

017 

-fo-o5 

37*65 

98 

Tate                                                     336 

02 

25*55 

0*13 

-fo-2S 

25*83 

Tft 

Probabltf  error  of  a  single  obser\'ation  of  a 

direction 

(/?.  andie.) 

=  ±1  1^^*05. 
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(d)  Abstract  of  resulting  horizontal  directions  at  each  station  from  local  and  from  figure 

adjustments — Continued. 

Stevens^  Kenton  County,  Kentucky.     October  15  to  November  5, 1887.     30-centinietre  theodolite,  No. 

118.     Telescope  above  ground  16  "31  metres.     A.  T.  Mosman,  observer. 


No.  of 
direction. 

Objects  observed. 

109 

Tanner 

Alexandria  Court-house 

106 

• 

Tate 

107 

Flaugher 

Morning  View  spire 

Fiskburg  spire 

108 

Dry  Ridge 

Resulting  directions 

from  sta- 
tion adjustment. 

Approximate 

probable 

error. 

Corrections 
from  figure 
adjustment 

Pinal  seconds 

in  triangu- 

lation. 

0       / 

// 

// 

// 

// 

0     00 

00 'OO 

±0-09 

+076 

0076 

124     25 

23-60 

0-15 

141     07 

51-13 

0-15 

+006 

51   19 

186     02 

50-32 

0*17 

—0-14 

50-18 

212      18 

47-86 

o-l8 

231      20 

55*57 

033 

246      16 

15  69 

0*14 

-0-68 

15  01 

Probable  error  of  a  single  observation  of  a  direction  (D.  and  ^. )  =  it  0^^*84. 

Dry  Ridge y  Grant  County,  Kentucky.     August  25  to  September  9,  1889.     30-centimetre  theodolite. 
No.  118.     Telescope  above  ground  27*89  metres.     A.  T.  Mosman,  observer. 

o         /  // 


// 


// 


// 


Williamstown,  Grant  County, 


court-hous 

e  vane  roc 

i 

0 

00 

00 'OO 

zfcoo8 

lOI 

Culbertson 

125 

41 

28*92 

O'lO 

—0-52 

28-40 

102 

Stow 

135 

46 

33-36 

o-i8 

— 0-2I 

33-15 

103 

Tanner 

187 

37 

08 -12 

0-15 

rO-OI 

08-13 

104 

Stevens 

209 

26 

31*37 

0'12 

-f-0-52 

31*89 

Morning  View  church 

spire 

232 

31 

55-55 

035 

105 

Flaugher 

276 

34 

58-46 

0*17 

+0-19 

58*65 

Probable  error  of  a  single  observation  of  a  direction  (Z>.  and  R. )  =  zb  0^^-84. 

Tanner^  Boone  County,  Kentucky.     July  19  to  August  16,  1889.     30-centimetre  theodolite.  No.  118. 
Telescope  above  ground  41-61  metres.     A,  T.  Mosman  and  W.  B.  Fairfield,  observers. 


Stevens 

0 
0 

00 

00-00 

dbo-o8 

ff 
—0-93 

ff 

Ill 

59*07 

112 

Dry  Ridge 

44 

26 

50  32 

0*14 

-}-0-20 

5052 

113 

Stow 

115 

52 

23-37 

0-15 

-0-39 

22  -98 

114 

Reizin 

Price's  Hill  railroad  incline  build- 

151 

53 

14*47 

0-I2 

-f-i  -lo 

15*57 

ing  cupola 

269 

56 

54*46 

0-20 

Convent  belfry 

282 

42 

03-87 

0-41 

Ivookout  House  flagstaff 

289 

33 

28  26 

0-18 

Cold  Spring,  larger  spire 

315 

26 

05-91 

0*29 

no 

Tate 

332 

55 

25*57 

0-17 

-fo-02 

25-59 

Alexandria  Court-house 

335 

48 

01 -68 

0-33 

Probable  error  of  a  single  observation  of  a  direction  (Z?.  and  A*.)  =  ±0^^*94. 
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{d)  Abstract  of  resulting  horizontal  directions  at  each  station  from  local  atid  from  figure 

adjustments — Completed. 

StoWy  S¥dUerland  County,  Indiana.     May  28  to  June  5,  1890.     30-centimetre  theodolite,  No.   118. 

Telescope  above  ground  21*18  metres.     W.  B.  Fairfield,  observer. 


No.  of 
direction. 


116 
117 
118 

115 


Resulting  directions    Approximate       Corrections     Final  seconds 


Objects  observed. 

from  sta- 
tion adjustment. 

probable 
error. 

from  figure 
adjustment. 

in  triang 
lation. 

0      /           // 

// 

// 

ff 

Reizin 

0     00     OO'OO 

-»-0'09 

+0-I7 

OQ'\7 

Tanner 

90    31     47*94 

o-o8 

+0-38 

48-32 

Dry  Ridge 

147     15     43*63 

0-13 

4-0-25 

43*88 

Culbertson 

292     13     48  -91 

0*14 

— o-8i 

48-10 

Probable  error  of  a  single  observation  of  a  direction  (D.  and  R.)  =  rbo''*68. 


Reizin,  Ripley  County,  Indiana.     September  21  to  September  28, 1889.     30-centimetre  theodolite,  No. 

118.     Telescope  above  ground  35*81  metres.     A.  T.  Mosman,  observer. 


No.  of 
direction. 


Objects  observed. 


121 
122 


Glasgow 

Tanner 

Stow 

Culbertson 

Correct 


Resulting  directions 
from  station 
adjustment. 


o  /  // 

o  00  00-00 

161  59  13  '94 

215  26  34*50 

255  56  07-78 

318  50  47*95 


Approxi- 
mate 

probable 
error. 


// 
=bo*l3 
0-13 
0-I2 
0-14 
0*I2 


Corrections  S^IIfiJi*^'*  Final  sec- 

frombasc-   Ij^^^f'  onds  in 

net  adjust-   "^^^eadlusf  ^^angula- 
ment. 


ment. 


tion. 


// 
—0-14 


// 


// 


—  1-03 
— 0-I5 


—0-15 
-4-0*29 


59^ 
12*91 

34*35 

07*63 
48*24 


Mean        '  o  'oo 
Probable  error  of  a  single  observation  of  a  direction  ( D.  and  R,)=.±l  0^^*79. 

Culbertson^  Switzerland  County,  Indiana.     June  7  to  June  19, 1890.     30-centimetre  theodolite.  No.  1 18. 

Telescope  above  ground  35-81  metres.     W.  B,  Fairfield,  observer. 


// 


// 


// 


// 


// 


119 
120 


Reizin 
Stow 

Dry  Ridge 
Mud  Lick 
Correct 

Mean         o  '00 
Probable  error  of  a  single  observation  of  a  direction  (Z?.  and  ^. )  «=  ±  o^'-64. 


0 

00 

OO'OO 

zho-o8 

—0*42 

59*58 

71 

44 

14*42 

o-ii 

-f-o-82 

15*24 

96 

41 

06*92 

0-13 

+0*38 

07*30 

265 

16 

50*27 

o-io 

—0-04 

50-23 

328 

10 

57*51 

O'lO 

-ho -46 

57*97 
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(r)  Figure  adjustment. 

Observation  equations. 

I 

o=+o-58- 

(i)+     (3)- 

(8)  + 

(9) 

2 

o  =  -f  1*29  — 

(2)4-     (4)- 

(10)  + 

(") 

3 

0  =  -f  046  — 

(3)-f     (4)- 

(7)  + 

(8) 

-    (10)  +    ( 

4 

0=^0*28^ 

(6)4-      (7)- 

(12)  + 

(15) 

-    (16)  +    ( 

5 

0=  —  2-28  — 

(5)4-     (7)- 

(")  + 

(13) 

(24)  -r    ( 

6 

0  =  —  I  "04  — 

(5)4-     (6)- 

(17)  + 

(18) 

-   (23)  r    ( 

7 

0-      177 

(18)4-    (19)-- 

(22)  + 

(23) 

(26)+    ( 

8 

0  ~  -h  I  "oo  — 

(13)4-    (14)- 

(22)-^ 

(24) 

-    (27)+    ( 

9 

0=  —  114  — 

(20)  4-    (22)  - 

(28)  4- 

(29) 

(35)+    ( 

lO 

0=-{-2\t)     - 

(29)4-   (30) 

(37)  + 

(39) 

-    (34)+    ( 

II 

o=-r  o'9i 

(20)+   (21)- 

(34)  + 

(36) 

-    (38)+    ( 

12 

0=  —  o"4i  — 

(33)4-    (34) 

(39)  + 

(40) 

-    (42)+    ( 

13 

o=  — I•I5  — 

(40) -f   (40  4- 

(42)  + 

(46) 

-    (48)+    ( 

14 

o  =  —  I  '02  — 

(32) -h    (33)- 

(43)  + 

(44) 

-    (54)+    ( 

15 

o=  +  5-o8- 

(44)4-    (45)- 

(53)  + 

(54) 

-    (59)+    ( 

i6 

o=-f  172- 

(45)^    (46)- 

(49)  + 

(50) 

-    (58)-    ( 

17 

0—  —017  — 

(30)--    (30  4- 

(37)- 

(41) 

(47)  -T     ( 

i8 

0—  —  o*66  — 

(50)4-    (50- 

(57)  + 

(58) 

-    (61)^    ( 

19 

0  — -|-  1*19  — 

(50 -f    (52)4- 

(60- 

(64) 

-    (65)-    ( 

20 

0  =  4-0-51  - 

(63)4-    (64)- 

(66)  + 

(67) 

(73)-    ( 

21 

0  —  —  I  "98  — 

(56)-    (57)- 

(62)  + 

(63) 

-    (74) -r    ( 

22 

0—  — o'i8  — 

(67)4-    (69)- 

(71)  + 

(73) 

-    (80) -r    ( 

23 

0 h  1*12  -- 

(68) -i-    (69)  + 

(76)- 

(79) 

(80)+    ( 

24 

0—  4-0*16  — 

(70)  f    (70 

(82)  + 

(83) 

-    (88)+    ( 

25 

0—    1-078  — 

(70)^    (72) 

(77)  + 

(78) 

-    (89)+    ( 

26 

0--0-54  - 

(78)4-    (79)- 

(81)  + 

(83) 

(88)+    ( 

27 

0      -h  176  — 

(83)-^-    (85)- 

(87)  + 

(88) 

-    (91)+    ( 

28 

0  —      0-54 

(83)--    (84)- 

(86)  + 

(88) 

-    (99)  + (I 

29 

0      — i'i6  — 

(86)^    (87)- 

(92)^ 

(93) 

-    (98)  + (I 

30 

0  —  r  0-34  - 

(93)4-    (94) 

(97)  T 

(98) 

-(106)  + (I 

31 

0  —  -f  065  — 

(96) -r    (97)  ~( 

:io4)4- 

(105) 

(107) -r  (I 

32 

o  =  4-o-86  - 

(94)  i-    (95)  I- ( 

;io6)- 

(109) 

-(no)-,   (I 

33 

o_  — 3-08    -( 

;  103)4  (104)     ( 

;io8)4- 

(109) 

-(iii)-.-(l 

34 

0—^0-50    -( 

^102) -^(103)     ( 

;"2)  +  ("3) 

-(ii7)  +  (i 

35 

0—  —2-58   -  ( 

;ii3)-i-(ii4)     { 

;ii6)  +  (ii7) 

-(121)  + (I 

36 

0      -^  i"i9  —  1 

;ioi)4-(io2)  4-( 

,115)- 

(118) 

-(119)  + (I 

37 

0--I-95- ( 

^ii5)4-(ii6)  4-( 

:ii9)- 

(122) 

38 

0 [-2'6-f  I- 

07(1) -4-00(2)  4 

-2-i6(7) 

-3-9i(8)+i75( 

39 

0  —  —  27  -f  2- 

63(12)      2-70(13 

) +0-07(15) +  1-83(16) - 

-3'5i(24 

)  4-2-31(25) 

40 

0—  —  11-2  -j-  ] 

7-94(27 

[•76(13)  —  2o-i6( 
)  -0-64(28) 

14) +  18 

.-40(1 

5) +8-22(22) 

41 

o=-|-2-5-4-3* 

90(28)  -4-14(29 

)  +  0-24(30)  - 

-0-75(34)- 

-6-72(38 

)    i    5-02(39) 

12 

17 

25 

25 
28 

28 
36 

35 

39 

43 

49 

55 
60 

59 
48 

62 

66 

74 

75 
82 

81 

90 

90 

89 

92 

00 

00 

07 
08 

II 

12 

18 

22 

20 


9)  4-  2-83(10)  -3-oi(ii)  4-018(12) 
3*50(17)  4-  1-67(18)  4-  1-20(23) 

-  11-96(23)  4-3-74(24)  4-8-58(26) 
1-22(35)  +  1-97(36)  4- 170(37) 


42 
43 
44 


45 
46 


48 
49 
50 


I 
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(c)  Figure  adjustment — Continued. 

Observation  equations — Completed. 

0=  -   4-4 -f  1-39(29)  -  11-55(30)  -r  10-16(31)  -f  4-19(33)  -5*98(34)  4- 179(35)  -0-49(42) 

-h  1-04(43)  -0-55(46)  4-9*49(47)  -  12-55(48)  +3-06(49) 
o=-f-7-o-f  4-93(32)  -9-12(33)  +4*19(34)  +0-01(39)  -2-45(40)4-2-44(41)  4-3*06(48) 

—  4-31(49)  4- 1*25(50)  -0-24(53)  4-0-15(54)  4-0-09(55)  4-2-16(58)  -4-87(59)  -f  2-71(60) 
0=  -  3*9  4-  3*34(50)  -  5*30(51)  4-  1-96(52)  4-  2-07(56)  -  2-83(57)  4-0-76(58)  4-  2-22(65) 

—  4*72(66)  -h  2-50(67)  4- 1*58(73)  -  5*52  (74)  4-3*94(75) 
0=  4- o-4-f  1-52(67)  -7-75(68)  +6-23(69)  4-8-51(71)  -  10-44(72)  +  1-93(73)  +4-46(80) 

-10-04(81) +  5-58(82) 
o  =  4-  3*7  4- 1*52(67)  -  775  (68)  +  6-23(69)  +  1-39(70)  -  3*32(72)  +  I *93(73)  4-  4*46(80) 
I  -  4-42(81 )  -  0-04(83)  +  3-70(88)  -  6-46(89)  +  2-76(90) 

47    1  0= -2-4+  1-07(83)  T- 3*53(84)  4- 2-46(85)  +  1-83(86)  -2-73(87)  4-0-90(88)  +  1-72(98) 
-2-31(99)4-0-59(100) 
0=  —  11-5  +  0-93(93)  —  11-01(94)  +  10-08(95)  +  1-60(96)  —  2-41(97)  +  0-81(98)  -r  5*26  ( 103) 

—  6-15(104)  +0-89(105)  -^- 4-12(110)  —  6-27(111)  +2-15(112) 
o=  +  2-2+  11-84(101)-  13-50(102)  +  1*66(103) +0-70(112)  —3-60(113)  +2-90(114) 

—  5-23(119)  +4-53(120)  +  1-56(121)  —4-03(122) 
0=  -07  +  1-07(1)  +  1-73(3)  -  1*73(4)  -0-81(5)  +0-81(7)  -  1*75(8)  +  1-75(9)  -o-i8(io) 

+  0-18(12)  +  2-17(13)  —  2-17(14)  -0-11(20)  +0-11(22)  —  3*51(24)  +  3*51(25)  4  0-08(27) 
-0-08(28)  +  1-39(29)  -  1*39(30)  +4*19(33)  -4*19(34)  -  1*22  (35)  +  1-22(36)  -0-62(37) 
+  0-62(39)  +  2-44(40)  -2-44(41)  -  1-04(42)  +  1*04(43)  T- 0-51  (45)  -0-51(46)  -  3*06(48) 
+  3-06(49)  +  1-96(51)  -  1*96(52)  +0-76(57)  -  2-92(58)  +  2-16(59)  -0-47(61)  +0-47(62) 
+  0-12(63)  —0-12(64)  —  2-22(65)  +  2-22(66)  +  1-52(67)  -- 1-52  (68)  +  1-39(70)  —  1*39(72) 

—  1*58(73)  +  1*58(74)  -0-43(76)  +0-43(77)  +  1*26(78)  -  1-26(79)  -^0-04(81)  +  1-03(83) 

—  1-07(85)  +  1-83(86)  -  1-83(87)  -  2-76(89)  +  2-76(90)  -  1-76(91)  +  1*76(92)  +0-93(93) 
-0-93(94)  +  1-60(96)  —  1-60(97)  —0-59(98)  +0-59(100)  +  1-66(102)  —  1-66(103) 

—  0-89(104)  +0-89(105)  —  2-11(106)  +  2-11(107)  —0-93(108)  +  0-93(109)  —  2-15(111) 
+  2-15(112)  +  2-90(113)  —  2-90(114)  —  1-39(117)  +  1-39(118)  +0-70(119)  —  1-56(121) 
+  1-56(122)  +0-86(115  -0-86(116) 

Correlate  equations, 
(i)  = -C,  +  i-07C,8+ i*07C5o 

(2)  =  -C-4*ooC38 

(3)  =  +  C,-C3+r73Cso 

(4)  =  +  Qif  C3-1-73C50 

(5)  =  -C5-C6-o-8iC5o 

(6)  =  -C4  +  C6 

(7)  =  -C3  +  C4  +  Cs  +  2-i6C38-o-8iC5o 

(8)  =  -  C,  +  C3  -  3*9iC3«  -  1 -75C50 

(9)  =  +  C,  +  1-75C38+  i*75C,o 

( 10)  =  -  C  -  C3  +  2-83C38  -  0-18C50 

(ii)=  +  Ca-3-oiC38 

(i2)  =  +  C3-C4.-Cs  +  o-i8C38+2-63C39+o-i8Cso 


4o6  UNITED  STATES  COAST  AND  GEODETIC  SURVEY, 

(r)  Figure  adjustment — Continued. 

Correlate  equations — Continued. 

!i3)  =  +  Cs~C8-27oC39+i76C4o  +  2-i7Cjo 
14)  =  4- Ce  —  20*  16C40  —  2*  17C50 
>5)  =  +  C44-o-07C39+i8-4</ 
;i6)  =  -C4-f  I-83C39 
i7)=4-C4-C«-3-5oC3j 
18)  =  -f-  Ce  —  C7  -h  I  •67C39 
:i9)  =  -hC, 
[20)  =  — C9  — Ci,  — o-iiCjo 

:2i)=+c„ 

[22)  =  —  Cy  -Cs-f  C9-!-8-22C4o-l-o-iiCso 

>3)  =  —  C6  f  C7  +  i'2oC39  —  ir96C4o 

>4)  =  -Cs-f  C8-3-5iC39-f374C4o-3'5iC5o 

;25)  =  4-C5  +  C6-f  2-3iC39-h3-5iCso 

;26)  =  -C7-h8-58C4o 

>7)  =  -Ca  -  -  7'94C4o-f  0-08C50 

>8)  =  +  Cy-i  Cs  -  Cg  -o-64C4o-h3*9oC4,  -o-o8Cso 

>9)  =  +  C9  -  Co  -  4*  14C4X -f- 1  •39C4a -h  I  *39Cso 

[30)  =  -f  Co  —  C,y  +  0-24C4,  —  1 1  •55C4,  —  I  •39CS0 

;3i)  =  4-C,y-|-io-i6C4a 

;32)  =  -C,4-f4*93C43 

[33 )  =  —  C,a  4- C^  +  4' i9C4a  —  9*  "C43 -f  4"  19CS0 

;34)  =  -C,o-C„  +  C„-075C4r-5*98C4a-^4*i9C43-4'i9C5o 

[35)  =  —  C9  -h  C,o  —  I-22C4,  -h  I79C4a  -  I*22C5o 

[36)  =  -f  C9  -f-  C„  -f  I  •97C41  -f  I  •22Cso 

[37)  =  —  C,o  H-  C7  4- 1 70C41  —  o-62Cso 
;38)  =  -Ci-672C4, 

[39)  =  +  C,o  4-  Cn  -  C„  4-  502C4, 4-  001C4,  +  O'62C50 

[40)  =  4-  C„  -  C3  -  2-45C43  4-  2-44C50 

[41 )  =  +  C,3  -  C,  +  2-44C43  -  2-44Cso 

[42 )  =  —  C,  -f  C3  —  0-49C4,  —  I  •04CS0 

[43)  =  -f  C„  —  Cx4  4- 1 •o4C4a 4-  i-o4C5o 
;44)  =  +  C,4-C5 
:45)  =  -f-C,5-C6  4-o-5iC5o 

[46)  =  -C,3  4-C,6-0-55C4a— O'SlCjo 

;47)  =  -C,7-h9*49C4« 

[48)  = -C,3H-Cy- i2-55C4a-f3-o6C43-3-o6C5o 

[49)  =  +  Cx3  -  Cfi  4-  3*o6C4,  -  4-3IC43  -\-  s'^Qv^ 

[50)  =  4-  C,6  -  C,8  + 1  •25C43  4-  3*34C44 
;5i )  =  -h  Ca  -  C,  -  5*3oC44  -r  i •96CS0 

;52)  =  -f  c, + 1 •96C44  - 1  ^eCgo 

;53)  =  -C,5-o-24C43 
;54)  =  -C,4-hCs4-o-i5C43 
;55)  =  +  C,4  4-o-09C43 
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(c)  Figure  adjustment — Continued. 
Correlate  equations — Continued. 


(56 

(57 
(58 

(59 
(60 

(6i 

(62 

(63 
(64 

(65 
(66 

(67 

(68 

(69 
(70 

(71 
(72 

(73 
(74 
(75 
(76 

(77 

(78 

(79 
(80 

(81 

(82 

(83 
(84 

(85 
(86 

(87 
(88 

(89 
(90 

(91 
(92 

(93 
(94 
(95 
(96 
(97 
(98 


=  -C.,4  2  07C44 

=  -  Crt  +  C«  -  2-83C4,  +  o76Csa 

=  -C,6  +  Crt-+-2-i6C43  +  o76C44- 2-92Cso 

=  -  C,5  4-  C,«  -  4-87C43  +  2-I6C50 

=r-hC,5  +  27lC43 

=  -  C,8  +  C,9  -  O-47C50 
=  +  C,8-C„-ho-47Cso 

=  -C«-f  C„-fOI2C5o 

=  -C,9-f-C«-o*i2Cso 

=  —  C,9  -i-  2-22C44  —  2-22Cso 

=  -f  C.9  -  C  -  472C44  -h  2-22Cjo 

=  +  C«,  ~  C«  -h  2-50C44  -f  I  •52C4S  4  I  •52C46  -h  I  •52C50 

=  -  C.3  -  775C4S  -  775C46  -  I  •52CS0 

=  -h  C«  +  C^  4-  6-23C45  4-  6-23C44 

=  -C.4  -  C^+  I-39C46  4-  I-39C50 

=  -C«-hC.4-f8-5iC45 

=  4-  C^  -  IO-44C45  -  3'32C46  - 1  •39C50 

=  -C«-f  C«i  +  I-58C44  4-  I-93C45+  I-93C46-  I'SSCjo 

=  4-  C«,  -  C«  -  5*52C44  4- 1  •58C50 

=  4-C„  +  3-94C44 
=  4-C.3-o-43Cso 
=  -C^4-o-43C5o 
=  -hC,s-C^+i'26C5o 

=  -C.3  +  C>6-I-26C5o 

=  -  C«  -  Ca3  +  4-46C45  +  4-46C46 

=  4-  C,3  -  C^  ~  1004C4S  -  4'42C46  4-  O-O4C50 

=  4-C,.-C.4-h5-58C45 

=  4- Cu -h  Ca6  -  C.7  -  Crf  -  0-04C46  4- 1  •07C47  + 1  •03C^ 

=  4-Ci8~3-53C47 

=  -f  C,7  4-  2-46C4,  - 1  c^Cjo 

=  -  C*  -  C^  4- 1  •83C47  4- 1  •83C50 

=  -  C  -h  C  -  273C47  - 1 •83CS0 

=  -C«4-C^  +  C.7  4-Crf4-3  7oC46  4-o-9oC4,     , 

=  -  C^  4- C*s  -  6-46C46  -  2  76Cso 

=  -f  C.4  4-  Cas  +  2  76C46  4-  2  76C50 

=  -Ca7-I76Cso 

=  4-C,7-C,,4-i76C5o 

=  4-  C,9  -  C30  +  0-93C48  4-  o-93Cso 

=  4-  C30  -  C3,  - 1 1  •01C48  -  o'93Cso 

=  4- C3. 4- 1008C48 

=  -  C3, 4- 1  •60C48  4-  i;6oC5o 

=  —  C3o4-  C3X  —  2-4IC48  —  r6oC5o 

=  -  Ci9  -h  C30  4- 1 72C4;  4-  o-8iC48  -  o-59Cso 


4o8 


(99 

lOO 
lOI 
I02 
103 
104 

106 
107 
108 
109 
IIO 

III 

112 
114 
116 

118 
119 

120 

121 
122 


UNITED   STATES   COAST  AND   GEODETIC   SURVEY. 

(c)  Figure  adjustment — Continued. 
Corrected  e^tMtions— Completed. 

=  -C,8- 2-31^47 

=  +  C^ -r  Cap -h  0-59C47  4- o'sqCjo 

=  -C36-f  II-84C49 

=  -  C34-h  C36  -  i3'5oC49 -h  I -SeCso 

=  —  C33 -f  C34 -h  5'26C48  4- 1  66C49  —  1  •66Cso 

=  -  C3X  +  C33  -  6-I5C48  -  o-89Cso 

=  +  C3,  +  0-89C48  +  o-89Cso 

=  — Cjo-^-Cja— 2-IlCso 
=  +C3o-C3i-f  2-IIC50 

=  +  C3x-C33-o-93Csp 

=  -C3,+  C33  +  0-93C5o 
=  -C3.-h4*I2C48 

= -r  Cja  -  C33  -  6-27C48  -  2-I5C50 

=  +  C33-C34  +  2-I5C484-O7oC49-f2-I5C50 

=  +  C34  -  C3S  -  3'6oC49  +  2-90Cso 
=  +  C3S  +  2-90C49  -  2-9oCso 

=  -hC36-C37  +  O-86C50 

=  -  Cjs  +  C37  -  O-86C50 

=  -C34  +  C3s-I-39C50 
=  +  C34-C36  ^1-39050 
=  -  C36  +  C37  -  5 •23C49  +  O70CS0 

=  -hC36-f4-53C49 

=  -C35+i-56C49-r56C5o 

=  +  C35  -  C37  —  4'03C49  +  I  'seCso 


«+o-58 

+  1'29 

+046 
+0-28 

—2*28 

-I  04 
—177 

+  1  '00 

-114. 

+2*35 

+0-98 

—0*41 

-IMS 
— 1'02 

+5  08 

+172 
— o"i7 

-066 

+  i*i9 

+0-51 

-1 98 

— 018 

+  1  '12 


Cx      Ca      C3      C4      C5      C6      C7 


Normal  equations, 

ft 

Cs      C9    Cio    Cix    Cxa    C13    C14     Cx^    C16    €17    C18    C19    Cw    Cax    Caa    C93 


+4      —2 
+4  +2 

+6  —2  —2 
+6  4-2  —2 

+6  +2 


—2 


+6  -2 

+6  +2  -2 

+6  -2 
+6 


—2  +2 


—2    ^. 


*rO   1*2  ^"2  •••   ••>   ••  •« 
+6  -2 

+6  —2  -  2 

+6         —2  —2 
+6  -2 

+6  -2  

+6     -a 
+6 

+6  —2     —a 
+6  -a 

+6  —a  —a  ... 

+6 

+6  +a 
+6 
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(c)  Figure  adjustment — Continued. 
Normal  ^^iw/*Vww— Continued. 


c* 

C.S 

C.6 

c^ 

Cae 

C>9 

Cao 

C31 

C3. 

C33 

C34 

C35 

C36 

C37 

C38 

C39 

C40 

i-  058 

+  459 

+  I  29 

—  1*84 

+  046 

—  872 

+   2-63 

+  0-38 

+  1-98 

-   7*89 

+18-40 

—   2*28 

■   •  • 

•   •  ■ 

.  ■  ■ 

«  •  • 

•  •  « 

•   •  • 

»  • 

•  * 

•      • 

•  •  • 

•  ■ 

•  •  • 

•   •  • 

•  •  • 

+  1-98 

+  0-49 

—  1  -98 

-    lOi 

• 

+  6-28 

+  11-96 

-  I '77 

-  047 

-29-40 

+  i-oo 

—  o-8x 

—  19-10 

-  I -14 

—2 

+8-86 

—  o-i8 

+    I -12 

—  2 

<>-■+  o*i6 

+6 

+2 

+2 

—2 

—a 

+  0-78 

•  •  ■ 

+6 

—2 

•    ■    • 

•  ■  • 

■   •   • 

•  •  ■ 

•  •  • 

•  •  • 

•  «  ■ 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

•  •  •  • 

■  •  •  ■ 

•  •  •  • 

-  054 

+6 

—2 

—2 

+  1-76 

+6 

+2 

—2 

-  054 

+6 

+2 

~  I  16 

+6 

—2 

+  0-34 

•  •  ■ 

•  ■  ■ 

•  •  . 

•  •  • 

•  «  • 

•  •  • 

+6 

—2 

—2 

■  •  • 

•   «  • 

•      • 

•  •  •  • 

•  •  •  • 

■  ■  •   » 

+  0-65 

+6 

—2 

+  086 

+6 

—2 

-  3  08 

• 

+6 

—2 

. 

+  050 

+6 

—  2 

—2 

-2:58 

•  •  • 

•  •  • 

«  •  • 

«   ■  • 

•  t  • 

•  >  • 

«  • 

•  •  • 

•  •  • 

•  •  • 

■  ■  • 

+6 

—2 

•  •  •  • 

•  •  •  • 

•  «  •   ■ 

+  X-I9 

\ 

+6 

—2 

-  1-95 

+4 

+  2-6 

+57*262 

+  0-473 

-  27 

+5X-696 

-      30*94 

—XI  "2 

•  «  ■ 

•  •  . 

•     •    a 

«  •  • 

■  •  • 

•  »  ■ 

■  •  ■ 

*  •  • 

•  • 

•  ■  > 

•  •  • 

•  • 

«  «  • 

•  •  •   • 

•  •  •  • 

+x  X0975 

Normal  equations — Continued. 


C4X 

C4a 

C43 

C44 

C45 

C46 

C47 

Ci8 

C49 

C50 

+ 

0-58 

+ 

4  16 

+ 

1 29 

— 

1*55 

+ 

0-46 

— 

5-66 

+ 

0*28 

* 

+ 

0-63 

— 

2*38 

■  ■  «  • 

•  •  •  « 

■  •  •  • 

■  •  •  * 

•  •  •  • 

•  •  ■  • 

•  •  •  • 

•   ■   •   • 

•  •  •   • 

+ 

10-63 

— 

1-04 

+ 

4*32 

— 

1  77 

+  390 

— 

0-19 

+ 

I '00 

+  3*90 

— 

8-ia 

— 

114 

-4-85 

—  0-40 

• 

+ 

4-13 

+ 

2-35 

+'7-23 

-  5-17 

-  4-18 

•  ■  •  ■ 

•  •  •  • 

•  •  •  • 

•  •  •  • 

•  •  •   ■ 

•  •  •   • 

+ 

1*43 

+ 

0*98 

+14-46 

+  5-98 

—  4-18 

+ 

6-14 

— 

0-41 

-  577 

-  864 

+  10-85 

— 

4-48 

— 

I  15 

+  15-67 

-2-48 

+ 

0-71 

— 

1-02 

+  3-15 

—14-11 

+ 

3  15 

+  508 

•  «  •  • 

•  •  •  • 

+  7'97 

•  •  •  • 

t  •  ■  • 

•  •  •  • 

■  •  •  • 

•  *  •  • 

•  •  •   • 

— 

1-65 

+ 

1-72 

-3-61 

-  I  47 

+2-58 

+ 

I -00 

— 

o'i7 

+  x-46 

-  0-33 

+  0-62 

+ 

0-I5 

— 

0-66 

+  0-91 

-505 

' 

— 

0-78 

+ 

119 

+032 

• 

+ 

017 

+ 

0-51 

•  •  • 

•  •  •  » 

■  •  •  • 

+0-12 

—  0*41 

-0*41 

•  •  •  ■ 

•  •  •  • 

•  ■   •   • 

+ 

2-23 

- 

x-98 

+4-56 

— 

1-17 

— 

o'xB 

—0-92 

-  075 

+2  18 

— 

3-10 

4IO 


UNITED  STATES  COAST   AND  GEODETIC  SURVEY, 

{c)  Figure  adjustment — Continued. 
Normal  equations — Completed. 


C41 

C4a 

C43 

C44 

C4S 

C46 

C47 

C48 

C49 

C55 

+    1*12 

-  052 

+5  10 

+    2-39 

+  c-i6 

+  a-93 

-2-37 

+0-17 

+    240 

+  0-78 

•    •  •    • 

a   ■  •    « 

•   •  •    - 

•    •  a    a 

-10-44 

+4-51 

a   •  a    • 

•  •  • 

■  •  •  • 

+    3*57 

-  054 

+10 -04 

-5 '78 

+0-I7 

-    429 

+  1-76 

+374 

+5<» 

+    3-25 

-  0-54 

+374 

-263 

-    227 

-  116 

-569 

+  0*12 

-    3-31 

+  034 

•   •  •    • 

•  •  ■    • 

•    ■  •   • 

■   •  •    • 

•  ■  •  • 

•  •  •  • 

+i-7a 

—  872 

•  •  •  • 

+    337 

+  065 

+  3*93 

-    446 

+  086 

+10  70 

-    4-26 

-  3  08 

-  2*99 

—  0*96 

+    6-93 

+  050 

+  3" 

+10 -86 

+     0'2I 

-  2-58 

a    •  ■    « 

•    •  •    • 

»   •  •    • 

■   •  ■    • 

•  •  •  • 

•  •  •  • 

•    a    • 

•  •  •  • 

+  0-91 

-     3*21 

+  I -19 

-»5-58 

+   043 

-  195 

—    I  "20 

-   2-58 

+  a-6 

+  12-322 

-  27 

+  »5-<H3 

—  11-2 

—      2-50 

•    •   a    • 

•    ■   •    • 

•    •   %    m 

•    •  •    a 

•    •  •    m 

a    •  a    a 

•   •  ■    a 

a   ■  •    • 

+  34  76 

o»-f  25 

+iii'59 

-      623 

-    3*09 

+    2-69 

-  4*4 

+553  "63 

-114*86 

+108  05 

+  7-0 

+202  '31 

+    5 -82 

-107  07 

-  39 

+137 '91 

+    6-85 

+      685 

-  41  42 

+  04 

•  •  •  • 

•  •  •  • 

a    •  «    a 

■  •  •  ■ 

+438-15 

+  20384 

•    •   •    • 

•  •  •   • 

•   •  a    a 

+  25-15 

+  37 

+  220*33 

+  yn 

+  42-82 

-  2-4 

+39 '912 

+     1*39 

+    6-15 

-"•5 

+359-91 

+    10-24 

+  32-68 

+   2'2 

+4X3-60 

-  54-89 

•      07 

•    •  a    • 

a    a   a 

a    a   a    a 

•    a   a    a 

■  •  ■  • 

.    a    •    a 

•    •    *    • 

•  •  •  • 

•    •  •    • 

+265947 

Resulting  values  of  correlates. 

C,  —0  -057 

C,4=— 0  420 

C,7= -0-489 

C4o=+0  '026   98 

C,  =-0-354 

C,5=-i  246 

Cae=-ho  227 

C4,=-foo28  9 

C3=-o-oo9 

C,6= -0-873 

Ca9=-hoii9 

C4.=4-ooo7  13 

C4  —  — 0-202 

Ci7=— 0-2U 

C3o=-hO  099 

C43=--0-029   2 

05=4-0*482 

C,8=— 0-172 

C3x=-f  0-187 

C44=-ho  026  5 

Q—t  0-053 

C.,=  -o-273 

C3a=4-0'III 

C45=+ooo5  36 

C7  — fo  -555 

C«=-oo5o 

C33=+o-890 

C46=— o-oii  7 

Cg  =--0-037 

Ca,=-fO  -231 

Cj4=  4-0704 

C47=+o  -153  5 

C,  —ho  -343 

C„=-ro-i23 

C35=+I055 

C48=+o  •032  6 

C,o=-o-395 

Ca3=      0279 

C36=-ho-4i7 

C49=-0  XDO8   89 

C„=-o  -334 

C,^=-|-oo6o 

C37=-fl-205 

C5o=— 0-024  2 

C„=-o  -346 

C,s=-o  189 

C38=— 0  -058   4 

C,3=    0-313 

Ca6=— 0   215 

C39-4-0  039  0 

TRANSCONTINENTAL  TR 


// 


Na 


(I 
(2 
(3 
(4 
(5 
(6 
(7 
(8 
(9 

(lO 

(ll 

(l2 

(M 

(15 
(16 

(17 
(18 

(19 

(20 
(21 
(22 

(23 
(24 

(25 
(26 

(27 
(28 

(29 
(30 
(31 


•031 

^-ho  -588 

:— 0*090 
:— 0*321 

=  -0-515 

=-f  o  255 

=  +0  143 
:4-0  -318 

:— O  •201 
:-f  0*202 
:— 0*178 
:— 0*20I 
:-f-0  -408 
: -0-527 
:-hO  297 
:+0  -273 
=  -0  -391 
=  -0-437 
=4-0  -555 

=— o"oo6 

=-0  -334 
:-f  0-044 

:-|-0  *226 

:-o*47o 

:-hO  540 

—o  *324 

: -0*179 

:H-0    273 

=+o*594 

:— O  '225 
:— 0-139 


Stations. 


'  Gebhardt 
2  <    Piney 
.  Pigeon 


Idesuli 

(32 

(33 

(34 

(35 

(36 

(37 

(38 

(39 
(40 

(41 
(42 

(43 
(44 
(45 
(46 

(47 
(48 

(49 
(50 

(51 
(52 
(53 
(54 
(55 
(56 
(57 
(58 

(59 
(60 

(61 

(62 


ANGULATION — PART  III — TRIANGULATION.      4II 


'ing^  corrections 

// 
=-}-o  -276 

=4-0 -121 

=-f  o  -297 

=  —0*730 

=-f-o  036 

=-ho  *248 

=+0  'HO 

=-0  -253 

=  —0  "020 

=  —0*114 

=+0  055 
=+0  056 
=+0*826 

=-0-385 
=-0  -552 

=  -f-o-279 

=—0  003 

=-f  o  *634 
=—0  *649 
=— o-o86 
=-0-174 

=+1  -253 
=—0  -830 

=-0-423 

=—0-176 

=+0  -310 

=4-0  729 

=+0  463 

=-i  '325 
=—0-090 

=-0*414 


to  angular  directions. 


// 


63 
64 

65 
66 

67 
68 

69 

70 

71 
72 

73 
74 
75 
76 

77 
78 

79 
80 

81 

82 

83 
84 
85 
86 

87 
88 

89 
90 
9V 
92 
93 


=-|-o-278 
=-f-o  -226 
=+0  -386 
=—0*402 
=-0-154 
=-=4-0-365 
=—0-196 
=+0  079 
=—0*017 
=—0*172 
=4-o  -240 
=-0-465 
=+0-335 
=—0-269 
=-f  0*179 
=—0-004 
=-t-o-094 
=4-0-128 
=—0-067 
=4-0  -093 
=4-0  -246 

=-0  -315 
=—0-085 
=-0*109 

=4-0  -233 
=—0*012 
=4-0*117 

=  — O  '228 

=4-0  -532 
=  —0*651 
=4-0  *027 


{d)  Adjusted  triangles,  Ohio, 
Observed  angles. 


Correc  ^P^f  *     ^pher- 
tions.        *^^  *^*^ 


angles,     excess. 


o  / 

50  14 

66  33 

63  II 


45*62 

51  '22 

25*29 


02  *I3 

34    57    29-07 

117    16    06-18 

27    46    27  -09 

02-34 


—0-52 
—0-09 
4-0-03 

-0-38 
—0*32 

-059 


// 

45 'lo 

51*13 
25-32 

28-69 
05-86 
26*50 


// 
0*52 

0*51 

0-52 

I '55 
0-35 
0-35 
035 

1-05 


// 

(94; 

) =-0-348 

(95: 

|  =  -f  0*440 

(96: 

)=      0*174 

(97. 

1=4-0*048 

(98: 

)=4-o-284 

(99: 

)=-o  -582 

(lOO^ 

)= -1-0-423 

(lOl] 

►=— 0  -522 

(102] 

|=— 0  -207 

(103; 

(=4-0-010 

(104] 

l=+o  -525 

(105; 

)=-|-o-i94 

(106' 

1=4-0-063 

(107; 

=    0-139 

(108; 

1=    o-68o 

(109. 

l=-fo-756 

(no] 

)= 4-0 -023 

(in] 

)=-o-93i 

(112] 

1=4-0*198 

("3: 

)=    0*389 

("4] 

|=-f  1-099 

("5; 

)=— 0*809 

(116; 

1=4-0*171 

("7; 

)=-f  0-385 

(118; 

)=-}-o-253 

("9; 

1=4-0-817 

(120; 

1 =+0*377 

(l2l] 

|=— I  *03i 

(122; 

|=— 0*152 

Log  5. 


Distances  in 
metres. 


4  -378  842  6  23  924  -49 

4  -455  641  2  28  552  -31 

4  '443  645  I  27  774  -43 

4  -378  842  6  23  924  49 

4-569  546  7  37  1 14  76 

4  -289  078  8  19  457  13 
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UNITED  STATES   COAST  AND  GEODETIC  SURVEY. 


(d)  Adjusted  triangles,  Ohio — Continued. 


No. 


4  ' 


Stations. 


f  Gebhardt 
Piney 
Davis 


Gebhardt 

Pigeon 

Davis 


Wray 

Gebhardt 

Davis 

Oakland 

Wray 

Gebhardt 

Oakland 

Wray 

Davis 


Oakland 

8  \  Gebhardt 
Davis 

Fradd 

9  {  Wray 
Gebhardt 

Fradd 

10  {  Wray 
Oakland 

Fradd 

11  \  Gebhardt 
Oakland 


Observed  angles. 

o  /  // 

85    02     10  -85 
50    42     14-96 

44    15    35-71 


01-52 
50  04  41  -78 
35  24  58  -20 
94    30    21  '33 


01  -31 
48  57  10  -88 
88  oi  08 -22 
43    01    42-25 


01  -35 

29    22    48  53 

100    32    59  -95 

50    04    14-53 


03-01 
60    21     13  -53 

51    35    4907 
68    02    58  -lo 


00-70 

30    58    25  -00 

37    56    53*69 
III    04    40-35 


59  04 

14    50    3364 

159     "     36*04 

5    57    49 '21 


58-89 
106    59    13  -41 

58    38    36-09 
14    22    09  '25 


5875 
92    08    39-77 

44    06    25-32 

43    44    57-78 

02-87 


Correc-    ^P^f "    ^pher- 

tions.         ^^^         ^^^^ 
angles,   excess. 


// 

—0-40 

—0-23 
H-0-I7 

— 0'02 
+0-62 

-035 

—0-67 
+0-50 
— O'll 


+0-31 

—0-04 

-1-077 

-f-I  *OI 

-ho-6i 
-ho-66 

+015 
-fo-28 
+0-82 

4-0-60 

4-0-99 
-fo-i8 

-ho -45 
-0-94 

—0-51 


10  "45  o  -36 
14  -73  o  -35 
35  -88      o  -35 


4176 
58-82 
20-98 

10-21 
08-72 
42-14 


-0  -70  47  -83 
-0  -71  59  -24 
-o-ii       14*42 


13-84 
49-03 
58-87 

26-01 

54-30 
41  -01 

33 -79 

36*32 
50  03 

14-01 
37-08 

09-43 

40-22 
24-38 
57*27 


I  -06 
052 
0-52 
0-52 

1-56 
0*36 

o*35 
0-36 

I  -07 
0-49 
0-50 
0-50 

1-49 
0-58 
058 
0-58 

1-74 
0-44 

o*44 
0-44 

I  -32 
0-05 
0-04 
005 

0*14 
0-17 
0-17 
0-18 

0-52 
0-62 
0-63 
0-62 

1-87 


Log  5. 

4  -443  645  I 

4  333  953  i 
4  -289  078  8 


Distances  in 
metres. 


4  -290  497  9 
4  -592  369  3 
4  -484  475  I 

4  -456  225  3 
4*411  284  8 
4  -484  475  2 


4  '333  953  ' 
4 -411  284  7 

4  -592  369  3 


4  -290  497  9 
4  -432  466  5 

3  -898  597  9 

4  -484  475  I 

4  *435  279  9 

3  -898  598  o 

4  592  369  3 
4  -435  280  o 

4  -432  466  6 


27  774  -43 
21  575-11 
19  457  -13 


4  -455  641  2  28  552  -31 

4-333  953  I  21  575-11 

4-569  546  7  37  "4-76 

4*333  953  i  21  575-11 

4  -456  225  3  28  590  -74 

4  -290  497  9  19  520  -81 


19  520-81 

39  117-34 
30  512-31 

28  590  '74 
25  780-11 
30  512  -32 

21  575'" 
25  780*11 

39  117-34 

19  520*81 

27  068-64 

7  917*68 

30  512  -31 

27  244-57 
7  917-68 

39  "7*34 

27  244-57 
27  068  -65 
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(rf)  Adjusted  triangles,  Ohio — Continued. 


No. 


Stations. 


Gould 

12  {  Fradd 
Oakland 

Buena  Vista 

13  {  Gould 
Fradd 

Buena  Vista 

14  {  Gould 
Oakland 


15 


16 


r  Buena  Vista 
Fradd 
Oakland 

Howland 
Gould 
Buena  Vista 


Scioto 

17  ^  Fradd 

Gould 


18 


19 


Scioto 
Gould 
Howland 

Cave 
Howland 
Buena  Vista 


Round  Top 
20  {  Scioto 
Howland 


Observed  angles. 


51 
83 
45 


/  // 

03  09*93 

32  13  71 

24  38*31 


01-95 
49  36  51*28 
73  47  40-06 
56    35    32-67 


04*01 
109    29    09  '86 

22    44    30 '13 
47    46    21-92 


01  -91 
59  52  18-58 
26  56  41  -04 
93     10    60  -23 


59-85 
63    40    26  -41 

89  39  34*01 
26  39  60-12 


00-54 
12  30  50-65 

II  42  23  -55 
155  46  46*24 


00-44 

34  31  5070 

40  45  59*69 

104  42  08  -99 


59-38 
87  29  45-35 
69  23  10  -97 
23  07  03  53 

59-85 
44  15  56-99 
59  14  33-78 
76  29  31  -71 

02  -48 


Correc-    ^P^f "  ^P^f ' 

tions         '^^         *^^ 
angles,  excess. 


// 
— o-ii 

—0-50 

+0-38 


Log  5. 


—1-03 
—0-50 
—0-82 

—0-26 

-o*39 
-0-33 

-fo-77 
-fo-32 
+0-05 

o-oo 

4-0-23 

4-0-I8 

—0-28 
-ho-09 
+0-36 


+0  -41 

+0-77 
—0-16 


-0-27 
-1-28 
-0-17 


09*60 
29-74 
21*59 


19*35 
41*36 
60-28 


26-41 

34-24 
60-30 


50*37 

23*64 
46-60 


-fo-64  51-34 
— o  -lo  59  -59 
-fo'6i      09-60 


45*76 
11-74 

03*37 

56*72 
32-50 
31-54 


// 

// 

09-82 

o*57 

4  -435  279  9 

13-21 

0-58 

4-541  686  0 

38*69 

0*57 
I  -72 

4  *397  030  0 

50*25 

0-55 

4  *397  030  0 

39  56 

0-56 

4  -497  640  4 

31*85 

0*55 

4  -436  816  7 

1-66 
0-31 
0-31 
0-31 

0*93 
0*33 

0*33 

o*99 
0-32 

0-31 

0-32 

0*95 

0*20 
0-21 
0-20 

o-6i 
0-17 
0-18 

o-i8 

0*53 

0-29 
0*29 
0*29 

0-37 
0-25 
0-25 
0-26 

0-76 


4  -541  686  o 

4*154  534  6 
4-436  816  8 

4  '435  279  9 
4*154  534  7 
4  '497  640  4 

I    4  -436  816  7 

4  *484  363  I 
4*136  422  8 

4  *397  030  o 
4  '368  495  9 
4*674  264  o 

4-136  422  8 
4-197  852  9 
4  -368  495  9 


I  4  -484  363  I 
4  -456  043  o 
4  -078  .748  7 


4  -197  852  9 
4  -288  169  6 
4  -341  822  8 


Distances  in 
metres. 


27  244  -57 
34  80S  -56 
24  947  -67 

24  947  67 
31  451-43 
27  341  '14 

34  80S  -56 
14  273  -63 
27  341  -15 

27  244-57 

14  273  -64 

31  451  -43 

27  341  -14 
30  504  -44 
13  690*61 

24  947  '67 
23  361  -24 

47  235  -oi 

13  690-61 

15  770*77 
23  361  -24 

30  504  -44 

28  578 -74 
II  988-06 

15  770*77 
19  416  44 

21  969-63 
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(^d)  Adjusted  triangles,  Ohio  —Continued. 


No. 


21 


23  ' 


26 


Stations. 


Round  Top 

Howland 

Cave 


Twin  Creek 
22  {  Scioto 

Round  Top 


Peach  Mount 
Scioto 
Twin  Creek 


Cherry  Ridge 

24  {   Peach  Mount 
Twin  Creek 

Cherry  Ridge 

25  {  Twin  Creek 
Round  Top 


Cave  Hill 
Peach  Mount 
Cherry  Ridge 


'  Ash  Ridge 

27  -    Peach  Mount 

.  Cave  Hill 

Ash  Ridge 

28  <    Peach  Mount 

Cherry  Ridge 

Ash  Ridge 

29  <    Cave  Hill 
Cherry  Ridge 


Observed  angles. 

o  /  // 

37  50  52-48 
45  44  41-92 
96  24  31  -lo 


05*50 
77  37  IO-I7 
32  14  02  'OO 
70  08  47  '80 


59*97 
43  29  17-56 
47  09  02  -61 
89  21  42  -23 


02  '40 

53  II  43  "91 
40  05  57-46 

86  42  20 '18 


01-55 
20  10  13  -41 

106     18    47  -42 
45    30    5772 


58-55 
78  31  39*56 
54  05  08-82 
47     23     II  -46 


59*84 
25     17     14  -24 

18    40    30-71 

136    02     16  -76 


01  -71 

45    56    50-07 

72    45    39*53 
61     17    32  -56 


02  -16 

20    39    35*83 

145    26    03  -68 

13    54    21  -10 

00*61 


Correc-   ^P^^  ^^^T 

tions         **^^         *^^ 
angles,  excess. 


// 
-1-79 

—I  -21 

—2 -08 


—0*32 

4-0-56 
-fo-42 


—0-71 

+0-25 
—0-05 


+0-45 

-ho -52 
+0-41 

—0-20 
—0-56 
-0-36 

— 0-04 
—0*04 
-f-0-26 

-fo*i6 
—0-09 

•15 


50  -69  o  -14 
40*71  0-14 
29  -02      o  '14 


09  85 

02-56 
48-22 


-o  -79  16  '77 
-o  -09  02  -52 
-o  -31      41  -92 


43 '20 

57*71 
20-13 


-f  o  -80  14  -21 
-fo-69  48-11 
+0-49      58-21 


40*01 

09*34 
11-87 

14-04 

30*15 
16-40 

50-03 

39*49 
32*82 

35*99 

03*59 
20-95 


0-42 

0-2I 

0-21 
0-21 

0-63 
0-40 
0-41 
0*40 

I  -21 

0-35 
0*35 
0-34 

I  -04 
o-i8 
0-17 
0-18 

0-53 
0-40 

0-41 

0-41 

I  -22 
0-19 
0-20 
0*20 

059 
0-78 

078 

0-78 

2-34 
0-17 

0-18 

0-18 

0-53 


Log  J. 

4  -078  748  7 

4  '145  947  8 
4-288  169  7 

4  -341  822  8 
4  -079  076  9 

4  '325  430  7 

4  *325  430  7 
4  '352  904  4 
4  -487  688  4 

4  *352  904  4 
4  -258  407  2 

4  -448  726  3 

4  -079  076  9 
4  -387  198  4 
4  25,8  406  9 

4  -448  726  3 
4  -365  920  5 
4  '324  332  I 

4  -324  332  I 
4-199  166  6 
4-535  220  I 

4  -448  726  3 
4-572  218  I 
4*535  220  I 

4  '365  920  5 
4-572  218  2 
4 '19c)  166  6 


Distances  in 
metres. 


II  988-06 

13  994-19 
19  416  -44 

21  969  63 
II  997*12 
21  155*86 

21  155 '86 

22  537  *43 
30  738  -91 

22  537  '43 
18  130-39 
28  loi  '29 

II  997-12 

24  389  *25 
18  130-38 

28  loi  '29 

23  223  *I2 
21  102*41 

21  102*41 

15  818  -55 
34  294  -16 

28  loi  -29 

37  343  '77 
34  294-16 


23  223-12 

37  343  '78 
15  8t8  -55 
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(flf)  Adjusted  triangles,  Ohio — Continued. 


No. 


30 


36 


38 


Stations. 


Minerva 
Ash  Ridge 
Cave  Hill 


Minerva 

31  {   Ash  Ridge 
Cherry  Ridge 

Minerva 

32  {  Cave  Hill 
Cherry  Ridge 

Tate 

33  {  Ash  Ridge 
Minerva 

Flaugher 

34  I  Tate 
Ash  Ridge 

Flaugher 

35  \  Tate 
Minerva 


Flaugher 
Ash  Ridge 
Minerva 


Stevens 

37  {  Tate 

Flaugher 


'  Dry  Ridge 
Stevens 
Flaugher 


Observed  angles. 

O  /  /f 

29    40    55 'U 

91       12      51  'GO 

59    c6     14-42 


00-56 
66    57    21*54 

70    33     15 '17 
42    29    25  -90 


02  •61 
37  16  26  '40 
86  19  49  '26 
56    23    47  -oo 


02  -66 
50  08  36*41 
63  03  06  '66 
66    48    20  '73 


03-80 

42    24    20  -07 

106    48    21  -37 

30    47     21*69 


03*13 
74     24    32-79 

56    39    4496 

48    55    4277 


00*52 

32     00     12  '72 

32     15    44  97 
"5    44    03*50 


01  *I9 

44    54    59*19 
66     II     15  *io 

68    53    47*95 


02*24 
67  08  27  -09 
60  13  25  -37 
52    38     10*17 

02*63 


c^-  «p^r  ^r^r 

tions.  t 

angles,  excess. 

n             /f  H 

+0-13      55*27  0*37 

+0-31      51*31  0*36 

+0-IO      14*52  o*37 


— o*2i 

-ro*i5 
—0*10 


•35 
— o*i8 

—0*25 

—I -18 

-0-33 
—0*25 

—0*87 
—0*50 
+0*23 


-f-i  *oo 

—0*56 

-|-o*io 
—0*20 

-0*38 
+0*24 

-0-33 
-0-54 

-fO*22 


21*33 

15*32 
25*80 

26*05 
49*08 
4675 


35*23 
06-33 

20*48 


19*20 
20*87 

21  '92 


4-0*14        32*93 

4-0  -68      45  *64 
+0-34      43*11 


13*72 

44*41 
03*60 

58-99 
14*72 

48*19 

26*76 

24*83 
10*39 


I  'lO 

0*82 
0*81 
0*82 

2*45 
0*63 
0*62 
0*63 

1*88 
0-68 
0*68 
0*68 

2  *o4 
0*66 
0*67 
0*66 


1-99 
056 
056 
056 

1-68 
0-58 

0-57 
058 


1*73 
0*63 

0*63 

0*64 


I  -90 
0*66 
0-66 
0*66 

1*98 


Log  J. 


Distances  in 
.  metres. 


4*199  166  6  15  818  55 

4  *504  302  I  31  937  '59 

4*437  937  5  27411*80 

4  *572  218  I  37  343  *77 

4  *582  826  o  38  267  -14 

4*4379376  27411*80 


4  '365  920  5 
4*582  826  2 
4  -504  302  2 

4  *437  937  5 
4  *502  856  6 

4-516  174  I 

4*516  174  I 
4  *668  320  8 
4  *396  446  I 

4  502  856  6 
4  -441  057  5 
4  -396  446  I 

4  *437  937  5 
4  *44i  057  4 

4*668  320  7 

4  -396  446  I 
4  508  956  5 
4  *5i7  447  I 

4  '508  956  5 
4  *482  983  5 
4  *444  735  7 


23  223*12 
38  267  *i6 
31  937  '60 

27  411  *8o 

31  831  *46 

32  822  -68 

32  822  -68 
46  593  *oi 

24  914  *I5 

31  831  *46 
27  609  43 

24  914  '15 

27  411  "80 

27  609*43 
46  593  00 

24  914  -15 

32  281  '71 
32  919*04 

32  281  '71 

30  407  '69 

27  844*26 
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No. 


43 


Stations. 


Tanner 

40  ^  Stevens 
Dry  Ridge 

Stow 

41  ^  Tanner 
Dry  Ridge 


Culbertson 

Reizin 

Stow 


Culbertson 
44  <  Stow 

Dry  Ridge 


(d)  Adjusted  triangles,  Ohio — Completed. 

r^K       ^         1         Correc-    ^P^f "    ^P^f  " 
Observed  angles.     \\q^^        ica*         ical 

angles,    excess. 


Log  5. 


Distances  in 
metres. 


0 

/ 

// 

ff 

// 

ff 

27 

04 

34-43 

—0-96 

33*47 

0*26 

4-517  447  I 

32  919  04 

II 

47 

36-08 

+079 

36-87 

0*26 

4  -169  722  3 

14  781  -63 

141 

07 

51*13 
01  -64 

—0-69 

50-44 

0-26 
078 

4  '656  919  6 

45  385  *76 

44 

26 

50-32 

+  i'i3 

51-45 

0-32 

4  '444  735  7 

27  844-26 

"3 

43 

44*31 

+1*44 

45*75 

0-32 

4-561  116  9 

36  401  -30 

21 

49 

23*25 
57-88 

+0-51 

23*76 

032 
096 

4  -169  722  3 

14  781  -63 

56 

43 

55*69 

—0-13 

55*56 

I  -oo 

4-561  116  9 

36  401  -30 

71 

25 

33*05 

-0-59 

32*46 

I  -oo 

4  -615  619  4 

41  268-57 

51 

50 

34*76 
03*50 

+0-22 

34*98 

I  -oo 

3*00 

4  *534  450  8 

34  233  -46 

53 

27 

20  56 

+0-88 

21-44 

0-73 

4  '534  450  8 

34  233  -46 

36 

00 

51*10 

+1*49 

52-59 

0-73 

4-398  8894 

25  054  71 

90 

31 

47*94 
59*60 

+0'2I 

48-15 

072 
2 -18 

4*629  502  0 

42  609-07 

71 

44 

14-84 

-fo-82 

15*66 

0-33 

4  -398  889  4 

25  054  -71 

40 

29 

33*13 

+015 

33*28 

0-34 

4  -233  812  I 

17  132*16 

67 

46 

TI  -09 
59*06 

+0-98 

12  "07 

0-34 

I  'OI 

4  *387  791  6 

24  422  -58 

>    24 

56 

52-50 

-0-44 

52-06 

0-35 

4  -615  619  4 

41  268-57 

144 

58 

05-28 

—I  "06 

04*22 

0-34 

4  749  462  7 

56  164*60 

10 

05 

04-44 
02  '22 

4-0-31 

04*75 

034 
I  03 

4  -233  812  0 

17  132*15 

(^)  Precision  of  the  Ohio  series  of  tnaiigles. 

The  probable  error  in  length  of  any  side  of  the  series  of  triangles  due  to  the  angular 
measures  is  derived  as  usual  by  means  of  the  formulae — 


m 


o"-93- 


To  this  must  be  added  the  probable  error  due  to  the  side  of  the  base  net. 

From  the  solution  of  50  normal  equations  involving  122  directions  m  —  ; 

The  side  Cherry  Ridge  to  Peach  Mount  is  selected  as  dividing  the  series  of  triangles 
into  two  nearly  equal  parts,     ^a  =  15*4  in  units  of  the  sixth  place  of  decimals  of  the 

logarithm  of  the  side.     Starting  from  the  side  Piney  to  Pigeon  of  the  St.  Albans  Base 
Net,  we  have  -S  =  97*7  (12  triangles),  <?„^  =  zt  0-330  metre,  e^,  —  zho-141  metre,  and 

^1  =  dz  0*359  metre.     Starting  from  the  side  Reizin  to  Culbertson  of  the  Holton  Base 
Net  ^  =  69-8  (11  triangles),  ^a  =  ±0278  metre,  <?«,=  ±0-095  nietre,  and^j=  ±0*294 
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metre.     The  probable  error  in  length  of  Cherry  Ridge  to  Peach  Mount  as  a  side  of  the 

adjusted  triangulation  becomes  ^  =-ij-^  —  rfc  0*227  metre,  or  about  tytWv  part  of 

the  length. 

The  effect  on  the  arc  is  approximately  (the  distance  being  measured  along  the 
thirty-ninth  parallel  between  the  projections  of  the  middle  points  of  the  terminal  lines) 
as  follows: 


Terminal  lines. 

Piney  to  Pigeon  to  Cherry  Ridge  to  Peach 

Mount 
Cherry  Ridge  to  Peach  Mount  to  Reizin  to 

Culbertson 


Distance. 

km. 

118 


151 


Probable  errors. 


Average. 


rSjj 


I  B  V  0  vv 


TT 


4    00  0 


T2- 


4    000 


rrS? 


TTT^ffO 


tn. 

15  8^  0  5(r 

-K077 

T75*0O0 

086 

Sum 

±:I  -6^ 

4.    THE   INDIANA   SERIES   OF   TRIANGLES,    1879,    1 884-85-86-87,    1889-90. 

( // 1  Introduction. 

This  triangulation,  following  ciosely  the  parallel  of  39°,  traverses  southern  Indiana, 
but  the  western  figure  of  this  series  lies  almost  wholly  in  Illinois.  The  following 
information  was  furnished  by  the  observer:  The  ground  is  a  slightly  undulating  plain, 
gradually  sloping  to  the  Wabash  River  at  an  elevation  above  sea  level  of  considerably 


No.  28. 

• 

1 

« 

AJMimJUf' 

Wright 

-              /a— «■ 

lI^^t^ 

"   /.i^iifclXIX      ^ 

^^>\     1 

\l^ 

>^\y^^^ 

ohlmBaaelki/ 

^-S/ ^-^^ 

Amx 

( 

CtarmmmA 

• 

Summit 

EoHdoK 

ScaiutsMilM 

100 

flB^^^THnB^""^"^" 

■^n^^gm^^^^g^^ 

"BB^^B^B^BBBB                           PM^h^^Bi^^H^n                       ^H^H^^^^^^^H^^"                       ^^^Bl 

»         ft        0 

W                    10 

JO             ««             M             eo             70              80             00 
KaonwtrM 

•     ft      0           10 

aoaoMisoeoToao       so      mm. 

less  than  500  feet.  A  sharp  geological  fault  along  the  line  of  the  Wabash  River  marks 
a  change  which  is  quite  apparent  in  the  surface  features.  On  the  Indiana  side,  starting 
with  the  high  bluff  on  which  the  village  of  Merom  is  situated,  the  country  eastward  is 
decidedly  rolling,  the  ridges  narrow,  and  the  hills  well  marked.  It  gradually  rises  from 
an  elevation  of  more  than  500  feet  at  Merom  to  about  800  feet  at  the  crest  of  the  divid- 
18732 — No.  4 27 
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ing  ridge  between  the  White  and  Ohio  rivers.  Weed  Patch,  the  most  northern  station 
in  this  series,  is  said  to  be  the  highest  point  in  the  State,  being  about  i  150  feet  above 
sea  level.  The  forests  are  extensive  and  the  trees  of  g^eat  size:  along  the  Wabash  and 
in  the  White  River  country  often  rising  to  a  height  of  140  feet  and  over.  The  best 
land  being  in  the  bottoms,  the  hills  and  ridges  are  for  the  most  part  wooded,  while  the 
cultivation  is  largely  confined  to  the  lowlands. 

It  was  through  this  section  that  our  highest  towers  were  needed,  and  even  then 
considerable  cutting  had  to  be  resorted  to.  All  the  observations  were  made  on  lights  at 
night. 

The  total  length  of  the  series  between  the  base-net  lines  is  nearly  216  kilometres 
(or  135  statute  miles);  the  number  of  stations  is  15;  the  average  length  of  a  side  is  32 
kilometres  (or  19*9  statute  miles) ;  the  number  of  series  of  measures  at  a  station  (mean 
of  telescope  D.  audi?.)  exceeds  34,*  and  the  usual  number  of  the  positions  of  the  circle 
is  17.  Assistant  G.  A.  Fairfield  had  charge  of  this  work,  and  all  observations  excepting 
some  at  the  stations  forming  parts  of  the  two  base-net  figures. 

(^)  Abstract  of  resulting  horizontal  directions  at  stations  of  the  Indiana  series  of  triangles^ 

between  Holton  and  Ohiey  base  nets. 

Oblongs  Crawford  County,  Illinois.  October  and  November,  1879.  35-centimetre  theodolite,  Pistor  & 
Martins,  No.  2.  Telescope  above  ground  30*94  metres.  G.  Y.  Wisner,  observer,  United  States 
Lake  Survey. 


No.  of 
direc- 
tion. 


Objects  observed. 


Claremont 
Buffalo  Mound 
Hunt  Citv 
Casey 
Belle  Air 


Resultin{?  direc-       Approxi- 


e^r^^M^^x^^^  Corrections 


lions  from  station    mate  prob-      ^  adiust*   "^^  ^"*^  ^S'  °"*^^  "*  ^"" 
adjustment.  able  error.        Lt«*         ure  adjust-   auf^ilation 


o 
O 

34 
100 

132 

160 


00 

36 
27 

34 
10 


00 'OO 
31  '20 
20  78 
08  03 
26   65 


// 


ment. 

// 

-fo'37 
-0-38 

-ro  "02 


ment. 


// 


-f-0*2I 


// 
00-37 

30-82 

20*80 

26-86 


Mean 


O'OO 


*The  intention  was  to  obser\'e  each  direction  34  times,  but  owing  to  the  presence  of  broken  series  their  total 
number  is  much  greater. 
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(d)  Abstract  0/ resulting  horizontal  directions  at  stations  0/  the  Indiana  series  0/  triangles , 

betwetn  Holton  and  Olney  base  w^/^— Continued. 

Claremonty  Richland  County,  Illinois.  November,  1879.  35-centimetre  theodolite,  Pistor  &  Martins, 
No.  2.  Telescope  above  ground  24*84  metres.  G.  Y.  Wisner,  observer,  United  States  Lake  Survey. 
July  26  to  August  22,  1884.  30-centimetre  theodolite,  No.  107.  Telescope  above  ground  24*84 
metres.     G.  A.  Fairfield,  observer. 


No.  of 
direc- 
tion. 


Objects  observed. 


r/>ff*/«»{rkne  CorrcctioHS 
Resulting  direc-        Approxi-     fZTifKl--    from  base-  Final  sec- 
tions from  station     mat?  prob-  ^™'"  .^,«!-  net  and  fig-  onds  in  tri- 
adjustment.          able  error.        Jq^Jj}  *       "re  adjust-  angulation. 


I 

2 


Denver 
Onion  Hill 
Olney  West  Base 
Newton 
Check  Base 
Buffalo  Mound 
Olney  Bast  Base 
Hunt  City 
Oblong 
Honey  Creek 
Summit 
Parkersburg 


o 

17 
46 
46 

53 
66 

71 
82 

106 

138 
174 
274 


00 

49 
01 

54 
26 

48 
56 
16 

32 

23 
40 

17 


// 

00  'CO 

15*39 
29  05 

49*55 
II  '07 

68*15 

44  50 
50-46 

51-56 

II  73 
19*45 
40-86 


0-13 


-21 


•16 

•20 

*I3 


+0  65 

— 0*I2 
—0-41 

— o-oi 

— O  -21 
—0-30 
—0-23 
-1-0-56 
+0-07 


ment. 


// 


-O'll 
■o  "20 


// 
00-65 

15  27 
28-64 

49*54 
10 -86 

57*85 
44*27 
51  *02 

51*63 
II  62 

19*25 


Mean  o  -00 

Probable  error  of  a  single  observation  ( D.  and  R. )  in  1884,  =  ^  i''''o3. 

Hunt  City^  Jasper  County,  Illinois.  October,  1879.  35-centimetre  theodolite,  Troughton  &  Simms, 
No.  3.  Telescope  above  ground  23-32  metres.  R.  S.  Woodward,  observer,  United  States  Lake 
Sur\'ey.  September  5  to  September  17,  1884.  30-centimetre  theodolite.  No.  107.  Telescope 
above  ground  23*32  metres.     G.  A.  Fairfield,  observer. 


No.  of 
direc- 
tion. 


objects  obsenrcd. 


Resulting  direc.        Approxi-      ,  . 

lions  from  station    mate  prob.    ^^'^dj^^ 
adjustment.  able  error.         Lr",» 


n^w^^^i^^a  Corrections 

Corrections   f?ilf vl^®  from  base-  Final 

.,I?o«^  «♦  net  and  fi rst  seconds  in 

Sltr^Sn      and  second  triangiila- 

;«?t^tn?:      figure  ad-  tion. 
justments.    ju?tn,ents. 


ment. 


3 
4 


Belle  Air 
Honey  Creek 
Oblong 
Claremont 
Buffalo  Mound 
Newton 
Island  Creek 
Casey 


0 

/ 

// 

// 

// 

0 

00 

(X)-00 

^016 

74 

41 

37*75 

0  '20 

75 

44 

47*03 

-ro-i2 

131 

01 

27-19 

0*27 

—0*07 

145 

05 

08-91 

0  "12 

173 

22 

02  -19 

019 

-^0-07 

232 

34 

09-67 

023 

313 

18 

25*33 

ff 


// 


// 


-o-8o 


-r  0  -40 

00-40 

-^o  -03 

37*78 

47*15 

27  -12 

08-79 

02  -26 

10-47 

Mean        -|-o-i6 
Probable  error  of  a  single  observation  (/>.  and  ^.)  =  it  i'''25,  in  1884. 
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(d)  Abstract  of  resulting  horizontal  directions  at  stations  of  the  Indiana  series  of  triangles ^ 

between  Holton  and  Olney  base  nets — Continued. 

Honey  Creek  ^  Crawford  County,  Illinois.     October  14  to  October  25,  1884.     30-centimetre  theodolite, 
No.  107.     Telescope  above  ground  23*32  metres.     G.  A.  Fairfield,  observer. 


Objects  observed. 

9 

Merom  College 

10 

Summit 

6 

Claremont 

7 

Hunt  City 

8 

Belle  Air 

=bo-i6 
0*17 
0*15 
0*17 
023 

Probable  error  of  a  single  observation  (Z>.  and  R.)  = 


Resulting  direc- 
tions from  station 
adjustment. 

o  /  // 

o  00  oo'oo 

79  27  49-61 

191  16  59  -91 

258  50  52  "24 

291  55  09  '40 


Approxi-  Corrections  Final  sec- 
mate  prob-  from  figure  onds  in  tri- 
able error.        adjustment.        angulation. 


// 


// 


•25 
COO 

-ho  "18 

-ho -14 
— o*o6 
I ''^•04. 


59  75 
49-61 

60*09 

52-38 
09  34 


Belle  Airy  Clark  County,  Illinois.  October,  1879.  35-centimetre  theodolite,  Troughton  &  Simms, 
No.  4.  Telescope  above  ground  30*94  metres.  J.  H.  Darling,  observer,  United  States  Lake 
Survey.  October  3  to  October  6,  1884.  30-centimetre  theodolite.  No.  107.  Telescope  above 
ground  30*94  meters.     J.  B.  Boutelle.  observer. 


// 


// 


/f 


// 


14 

Hunt  City 

Casey 

Martinsville 

II 

Merom  College 

12 

Honey  Creek 

13 

Oblong 

0 

00 

00*00 

±0-16 

—0-12 

59*88 

66 

58 

14-70 

138 

45 

56  50 

251 

52 

08*01 

023 

-ro-45 

08*46 

287 

45 

52-89 

0*23 

0*00 

52  89 

315 

27 

52-39 

—0*32 

52  07 

ratio 

nil 

).  and  R,] 

)  —  ^i'' 

•28. 

in  1884. 

Merom  College,  Sullivan  County,  Indiana.      September  18  to  September  23,   1885.     30-centimetre 
theodolite.  No.  145.     Telescope  above  ground  29*26  metres.     G.  A.  Fairfield,  observer. 

Honey  Creek 
Belle  Air 
Wright 
Sisson 
Summit 


18 

19 

J5 
16 

17 


0 

/ 

ft 

// 

// 

// 

0 

00 

OO'OO 

-^-0*25 

4-0*31 

00*31 

76 

01 

27*12 

022 

—0-26 

26*86 

214 

13 

53-85 

026 

5 

54  20 

248 

15 

06-68 

0*25 

"32 

06*36 

290 

12 

61 -80 

0-22 

—0*08 

61  -72 

Probable  error  of  a  single  observation  {D.  and  /?. )  =  rh  i''^*39. 


Sisson,  Sullivan  County,  Indiana.     October  16  to  November  5,  1885.     30-centimetre  theodolite.  No. 

145.     Telescope  above  ground  23-32  metres.     G.  A.  Fairfield,  observer. 


// 


// 


// 


// 


30 

Wright 

31 

Calvary 

32 

Osborn 

28 

Summit 

29 

Merom  College 

0 

00 

OO'OO 

-+-o'i5 

—0-16 

59 '84 

48 

12 

26*70 

0*28 

-fo*i9 

26*89 

84 

10 

30 '59 

0*17 

—0*08 

30-51 

172 

27 

26  65 

0*17 

—0*25 

26*40 

265 

15 

31*20 

0*22 

-f  0*21 

31*51 

)serv 

atioi 

1  (Z).  audi?.)  =-hi'' 

*22. 
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{d)  Absiract  of  resulting  horizontal  directions  at  stations  of  the  Indiana  series  of  triangles^ 

between  Holton  and  Olney  base  nets — Continued. 

Summit y  Knox  County,  Indiana.  November  5  to  November  11,  1884.  30K:entimetre  theodolite,  No. 
107.  August  II  to  August  26, 1885.  30-centimetre  theodolite,  No.  145.  Telescope  above  ground 
24*84  metres.     G.  A.  Fairfield,  observer. 


Objects  obsened 

23 

Sisson 

24 

Osborn 

20 

Claremont 

21 

Honey  Creek 

22 

Merom  College 

Resulting  direc- 
tions from  station 
adjustment.  * 


o 
O 

252 

284 


/ 
00 

27 

07 

00 

45 


// 

00  "oo 

44-67 

01  '69 
46*01 

58-95 


Approxi- 
mate prob- 
able error. 

// 
itO*I9 

0*22 

023 

0*15 

0*14 


Corrections 

from  figure 

adjustment. 

ft 

4-0-24 

—0-23 
—0-15 
—0*05 
-fo*i9 


Pinal  sec- 
onds in  tri- 
angulation. 

// 
00*24 

44*44 
01  54 
45  96 
59 'M 


Probable  error  of  a  single  observation  {D.  and  A*. )  =  db  1^^*20. 


Wright^  Greene  County,  Indiana.     September  14  to  September  21,  1886.     30-centimetre  theodolite. 
No.  145.     Telescope  above  ground  23*32  metres.     G.  A.  Fairfield,  observer. 


// 


// 


// 


// 


26 

Sisson 

27 

Merom  College 

25 

Calvary 

0 

00     00  "OO 

ibo*i8 

-fO'II 

OO'II 

51 

14     20*94 

0-2I 

— 0*I2 

20*82 

252 

41     05  -05 

0*20 

-fo-oi 

05.06 

fjser 

^'ation  {D.  and  A*. )  =  -1- 

\'^ 

•21. 

Osborn,  Martin  County,  Indiana.  November  14  to  December  2,  1886.  30-centimetre  theodolite.  No. 
145.  June  14  to  June  20,  1887.  30-centimetre  theodolite.  No.  147.  Telescope  above  ground  24*84 
metres.     G.  A.  Fairfield,  observer. 


35 
36 
37 
33 

34 


Calvary 

Beard 

Rariden 

Summit 

Sisson 

Azimuth  Mark 


0 

00 

// 
00 'CO 

-+-0-I2 

— 0*22 

n 

0 

59-78 

49 

22 

10*43 

0*21 

-fo*53 

10*96 

96 

46 

42*19 

0*20 

—0*21 

41-98 

244 

07 

23-58 

0*22 

—0*05 

23-53 

277 

22 

45-82 

o*i8 

—0*05 

45*77 

343 

28 

51-49 

0'20 

Probable  error  of  a  single  observation  (Z>.  and  A*.)  =  zfc  i''^*22. 


Calvary,  Greene  County,  Indiana.     October  11  to  October  30,  1886.     30-centimetre  theodolite,  No.  145. 

Telescope  above  ground  23*32  metres.     G.  A.  Fairfield,  observer. 


40 

41 
42 
38 
39 


Osborn 

Sisson 

Wright 

Leonard 

Beard 


o  /                 //  // 

O  00  00  'OO  d=0  *22 

61  24  44*79  0*20 

85  53  23-99  o-i8 

247  24  4599  0-25 

292  35  58*08  0*26 


// 
-fo'oi 

— 0*02 

-fo*i8 

—0*32 
4-0*15 


00 'OI 

44*77 
24*17 

45*67 
58  23 


Probable  error  of  a  single  observation  (Z>.  and  ^.)  =  ±  i^'*35. 
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(^)  Abstract  of  resulting  horizontal  directions  at  stations  of  the  Indiana  series  of  triangles^ 

between  Holton  and  Olney  base  nets — Continued. 

Beard^  L/awrence  County,  Indiana.    September  14  to  September  25,  1887.     30-centimetre  theodolite, 
No.  147.    Telescope  above  ground  26*97  metres.     G.  A.  Fairfield,  observer. 


objects  observed. 

44 

• 

Calvary 

45 

Leonard 

46 

Weed  Patch 

47 

Fountain 

48 

Rariden 

43 

Osbom 

Resulting  direc> 

tions  from  station 

adjustment. 

Approxi- 
mate prob- 
able error. 

Corrections 
from  figure 
adjustment 

Pinal  sec- 
onds in  tri- 
angulation. 

0       / 

// 

// 

// 

ff 

0     00 

00 'OO 

d=o-i6 

+0-13 

00  13 

57     15 

27-50 

0-17 

—0-07 

27-43 

III     57 

30-11 

0*20 

—0-03 

30-08 

149    48 

18 -IS 

0-22 

+0-13 

18-28 

214    45 

51*97 

0-23 

-I-0-20 

52  17 

296    46 

12  -19 

0-17 

-0-36 

11-83 

Probable  error  of  a  single  observation  (/>.  and  ^.)  =  dt  i^'-i6. 

Rariden^  Lawrence  County,  Indiana.     July  14  to  September  5,  1887.     30-centimetre  theodolite,  No. 
I  147.     Telescope  above  ground  23*32  metres.     G.  A.  Fairfield,  observer. 

50  Beard  o  00  oo-oo 

51  Leonard  8  38  02-96 

52  Fountain  67  27  44-85 

53  Miller  97  03  49-55 
49  Osborn  309  24  49-52 

Probable  error  of  a  single  observation  {D,  and  -^. )  =  dr  i''-o4, 

Leonard^  Monroe  County,  Indiana.    October  1 1  to  October  19,  1887.    30-centimetre  theodolite,  No.  147. 

Telescope  above  ground  23  -32  metres.     G.  A.  Fairfield,  observer. 


// 

ff 

ff 

±0-13 

-1-0 -18 

00 -18 

0-12 

-0-47 

02 -49 

0-17 

-fo-46 

45*31 

0-22 

-fo-ii 

49*66 

018 

—0-28 

49  24 

58 

Calvary 

54 

Weed  Patch 

55 

Fountain 

56 

Rariden 

57 

Beard 

0 

/ 

ff 

ff 

ff 

ff 

0 

00 

00 -QO 

-^o-i8 

-i-o-26 

00-26 

178 

08 

14-12 

0-16 

—0*26 

13*86 

221 

04 

24-51 

0-20 

-0-43 

24-08 

268 

35 

05   92 

0-24 

-ho -16 

06-08 

282 

26 

39*13 

0-I5 

-fo-27 

39*40 

Probable  error  of  a  single  observation  (D.  and  /?. )  =  ±  i^'-i2. 

Fountain^  Jackson  County,  Indiana.     October  30  to  November  13,  1887.     30-centimetre  theodolite, 
No.  147.     Telescope  above  ground  32*77  metres.     G.  A.  Fairfield,  observer. 


59 

Rariden 

60 

Beard 

61 

Leonard 

62 

Weed  Patch 

63 

Miller 

0 

00 

ff 

00 'QO 

ff 
-+-O-16 

ff 
-0-43 

ff 

0 

59*57 

47 

34 

42  -06 

0-22 

+0-27 

42-33 

73 

39 

37*18 

0-18 

-|-0*20 

37.38 

140 

02 

35*25 

0-19 

-f-o-28 

35*53 

252 

45 

43-60 

o-i6 

—0*31 

43*29 

Probable  error  of  a  single  observation  {D.  and  R.)  =  =b  i''-i4. 
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{d)  Abstract  0/  resulting  horizontal  directions  at  stations  0/  the  Indiana  series  0/  triangles, 

between  Holton  and  Olney  base  nets — Continued. 

Weed  Patch,  Brown  County,  Indiana.    August  3  to  September  6,  1889.    30-centimetre  theodolite, 
No.  147.    Telescope  above  ground  23 '32  metres.     G.  A.  Fairfield,  observer. 


Objects  observed. 

Resulting  direc- 
tions from  station 
adjustment. 

Approxi- 
mate prob- 
able error. 

Corrections 
from  figure 
adjustment. 

Final  sec- 
onds in  tri- 
angulation. 

Fountain 

0 
0 

00 

// 
00 'OO 

drO-IO 

// 
—O'lO 

// 

67 

59  90 

68 

Beard 

49 

41 

20-54 

0-2I 

—0-07 

20 -47 

69 

Leonard 

71 

30 

53 '17 

0-19 

+0-42 

53*59 

Wray 

192 

57 

49*37 

0-21 

Union 

224 

16 

03  26 

0-38 

Monroe  (Azimuth  Mark) 

267 

50 

26  64 

0-24 

64 

Green 

268 

47 

46*61 

0-28 

-fo-09 

46-70 

65 

Tripp 

282 

48 

07-44 

0-19 

—0-24 

07-20 

Pinnacle 

321 

t8 

40-37 

0-22 

66 

Miller 

328 

47 

02-66 

0*20 

— o-ii 

02-55 

Probable  error  of  a  single  observation  (/>.  and  R.)  =  ±  1^^-24. 

Miller y  Jackson  County,  Indiana.     October  2  to  November  2, 1889.     30-centimetre  theodolite,  No.  147. 

Telescope  above  ground  24*84  metres.     G.  A.Fairfield,  observer. 


// 


// 


// 


// 


7i 
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72 

Weed  Patch 

Monroe 

Pinnacle 

73 

Tripp 

74 

Stout 

Holman 

Finley 

70 

Rariden 

0 

00 

00 -oo 

-•-0-I5 

+0-49 

00  49 

36 

03 

56 -66 

0-22 

-fO'OI 

5667 

56 

13 

05  97 

0-25 

104 

55 

16-37 

0*41 

122 

29 

32-45 

0*19 

—0-28 

32-17 

147 

51 

57*29 

0-26 

-fo-35 

57*64 

170 

59 

21  '61 

0-25 

209 

25 

19*73 

0'24 

316 

50 

20  05 

0-31 

o'57 

19-48 

Probable  error  of  a  single  observation  (/?.  and  A*.)  =  rfc  1^^-32. 

Tripp,  Jennings  County,  Indiana.    June  10  to  June  26,  1890.     30-centimetre   theodolite.  No.   147. 
Telescope  above  ground  30*94  metres.    G.  A.  F^airfield  and  J.  B.  Boutelle,  observers. 


78 

Stout 

75 

Miller 

Pinnacle 

76 

Weed  Patch 

Monroe 

77 

Green 

0 

f 

// 

// 

ff 

ff 

0 

00 

00-00 

^0'20 

4-0-33 

00  33 

82 

25 

52  05 

0*25 

—0-08 

51-97 

85 

09 

52  32 

0-28 

130 

01 

25*67 

0-22 

0-77 

24*90 

135 

05 

36-42 

0*2I 

246 

03 

20-14 

o*i6 

-fo-51 

20-65 

Probable  error  of  a  single  observation  {D,  and  A*. )  =  :+r  1^^-34.) 
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(d)  Abstract  of  resulting  horizontal  directions  at  stations  of  the  Indiana  series  of  triangles^ 

between  Holton  and  Olney  base  nets — Continued. 

Stout y  Jefferson  County,  Indiana.    August  29  to  September  13, 1890.     30-centimetre  theodolite,  No.  147, 

Telescope  above  ground  41  "91  metres.     J.  B.  Boutelle,  observer. 


No.  of 
direc- 
tion. 


80 


Objects  obftcrved. 


Resulting  direc-     Approxi-    S^IT^J^iJ    from  base-  J?j?SL« 

tions  from  station     mite  prob-   ^S'^iSS"    »ietandfig.  *t2f«^, 

<.H;ii«tm«.nt              ahV*.rT«r        DCt  adjUSt-    ^^  adjUSt-  JJi  *^' 

ments. 
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Tripp 

Green 

Correct 

Mud  Irick 

Holman 

Miller 


a 

djust 

ment. 

able  error. 

• 

ment. 

0 

/ 

// 

ff 

ff 

0 

00 

00  "OO 

-^-0-13 

32 

33 

0572 

0'24 

+0-I4 

74 

01 

21  'OI 

0-20 

—0-17 

III 

17 

21*59 

0*22 

-fo-03 

224 

28 

07*36 

0-32 

287 

48 

14-96 

0*26 

// 


70 


tf 


—0*21 


59  30 
05 -86 
20*84 
21  '62 

1475 


Mean      o  '00 


Probable  error  of  a  single  observation  (Z>.  and  ^. )  =  rt  1^^*38. 

Green ^  Jennings  County,  Indiana.  July  11  to  August  14,  1890.  30-centimetre  theodolite,  No.  147. 
Telescope  above  ground  4679  metres.  J.  B.  Boutelle,  observer.  November  19  to  November  20, 
1890.  30-centimetre  theodolite,  No.  1 18.  Telescope  above  ground  4679  metres.  W.  B.  Fairfield, 
observer. 

o  /  // 


// 


// 


// 


Mean      o  "oo 
Probable  error  of  a  single  observation  (Z?.  and  ^. )  =  dr  i^''i5. 


// 


81 

Tripp 

0 

00 

00 'OO 

-♦-0-I2 

— 0 

-94 

59-06 

82 

Weed  Patch 

49 

57 

43-52 

0-20 

+1 

•31 

44-83 

Glasgow 

222 

13 

20*09 

o-i6 

+0-I5 

20-24 

Holton  North  Base 

235 

33 

52  93 

0-22 

-|-o*io 

53-03 

Correct 

250 

01 

28-54 

0-20 

0-I5 

28-39 

Holton  South  Base 

257 

24 

24-18 

0-18 

--0-41 

24-59 

Stout 

326 

29 

45-14 

0-20 

—0*51 

44-63 

{/)  Figure  adjustment 

Observation  equations. 

I 

0=      0-I7 

-    (3)-    (5)- 

(13)4- (14) 

2 

0  —  -f  0-02  -f 

-    (1)-    (4)- 

•    (6)+    (7) 

3 

0          f  0*69 

(3)-f    (4)- 

■    (7)+    (8) -(12) +  (14) 

4 

0—  — o-i8- 

-    (i)+    (2)4 

■    (6) -(10) -(20)  4- (21) 

5 

0=  -r  V21- 

■    (8)+    (9)- 

■  (II) -(12)- (18) -f- (19) 

6 

o=— o•88- 

-    (9)  +  (io)- 

■  (17) -r  (18) -(21) +  (22) 

7 

o=— 086- 

(16)^(17)- 

(22)  i-  (23)  -  (28)  4-  (29) 

8 

0=4-1-37 

-(i5)  +  (i6)- 

(26) +  (27) -(29)  4- (30) 

9 

0— -^o•65- 

(23) -(24)  4 

■  (28)  -  (32)  -  (33)  4-  (34) 

10 

o  =  —  o"64  — 

(25)  + (26)- 

■  (30)  4- (31)- (41) -r  (42) 

II 

o=+o-47- 

-(3I)^-(32) 

•  (34)  4-  (35)      (40)  4-  (41) 

12 

o=  —  i-ii  - 

-  (35)  -r  (36)  - 

•  (39)  +  (40)      (43)  -^  (44) 

CmM  nnd  a.wleilc  Snrve'j—Trani-conlinejilnl  Trhxgiilut, 
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« 

(r)  Figure  adjustment — Continued. 
Observation  ^^wa/t<ww— Continued. 

13  0=  -I- 0-83  -  (36)  -i-  (37)  -I-  (43)  -  {48)  -  (49)  +  (50) 

14  0=  -0-25-  (38)  +  (39)  -  (44)  +  (45)  -  (57)  +  (58) 

15  o=-  I-05-  (47)  +  (48)  -  (50)  -r  (52)  -  (59)  4-  (60) 

16  0  =  -  2-15  -  (51)  -f  (52)  -  (55)  +  (56)  -  (59)  +  (61) 

17  0=  -  ro6-  (45)  +  (46)  -  (54)  4-(57)  -  (68)  +  (69) 

18  o=-o-20-(46)-f  (47)-(6o)  +  (62)-(67)4-(68) 

19  0=  -  0-43  -  (54)  4-  (55)  -  (6x)  -h  (62)  -  (67)  -f  (69) 

20  0=  -  0-58  -  (52)  +  (53)  -f  (59)  -  (63)  -  (70)  -f  (71) 

21  o  =  -h  i-o6-  (62)  +  (63)  -  (66)  +  (67)  -  (71)  +  (72) 

22  o=  +  o-84-  (65)  -f  (66)  -  (72)  -f  (73)  -  (75)  +  (76) 

23  0=  -ho-28-  (73)  +  (74)  -f  (75)  -  (78)  -  (79)  +  (80) 

24  0=  -3-20-  (64)  -f  (65)  -  (76)  +  (77)  -  (81)  +  (82) 

25  0=  + 0-42 -(77)  4- (78) -(80)  + (81) 

26  o=— 0-5 -1-42  (i)-f  1-23  (5) -0-87  (6)4-4-11  (7)  _  3-24  (8)-o-68  (12)  4  2-14  (13) 

-1-46(14) 

27  0=+  1-5  4-  4-29  (I)  -  2-87  (2)  -0-58  (3)  -f  1-99  (4)  -  2-91  (II)  4-3'59  (12)  -0-68  (14) 

-077  (17)  4-1-29  (18) -0-52  (19) -3*38  (20) +  6-92  (21)— 3-54  (22) 

28  o  =  -r  2*5 -3-12  (15)4-5*46  (16) -2*34  (17) -2-08  (22)+3'37  (23)  -  1-29  (24) -t-o-66  (25) 

-hro3  (26)  — 1-69(27)  -3-21  (33)  4-3-48  (34) -0-27  (35)-i';5  (40)4-578(41) 
-4-63  (42) 

29  0= -6-9- 1-80(35)4-3-73  (36)-i'93  (37) -2-09  (38)  4- 2*97  (39) -0*88  (40)  -  173  (49) 
4-2-61  (5o)-o-88(52)-ri5  (55) -*- 1-61  (57) -0-46  (58)  -  1-92  (59)4-6-23  (60) 
-4-31  (61) 

30  0=4-77-12-99(50)  4-13*87  (51)  -o'88  (52)-i-i5  (55)  4- 8-53  (56) -7-38  (57)  ~i'92  (59) 
4-6-23  (60) -4-31  (61) 

31  0=4-  3-9 4-0-50  (54)  4- 1*15  (55)  -  1*65  (57)  -  4*40  (60)  4-  4*31  (61)  -t-0-09  (62)  -  1-78  (67) 
4-7*03  (68) -5-25  (69) 

32  0= -5-6- 271  (46)4-3*69  (47) -0-98  (48) -0-88(50)  4- 4*59  (52) -371  (53) -3*47  (66) 
4-5*25  (67)  -  1*78  (68)  -  2-24  (70)  4-5*T4  (71)    -  2-90  (72) 

33  o=-f  15*5-8-44  (64)  4- 10-48  (65)  -2-04  (66)  -0-13(72)  4-4*57  (73)  -4*44  (74)  -0-68(79) 
4-  3*97  (80)  -h  4*94  (81)  -  1-76  (82) 

34  0  =  4-07-2-87  (1)4-2-87  (2) -1-41  (4)  -I-0-87  (6) -0-87  (7)  -0-39(9)4-0-39(10) 
-2-34  (16)  4-3*11  (17)  -077  (18)  4-3*38  (20)  -3-38  (21)-  1-29  (23)  +  1-29  (24) 
-o-io  (28)  4-0-I0  (29)  -  2-90  (31)  4-2-90  (32)  4-3*21  (33)  -3*21  (34)  -  1-93  (36) 
4-  193  (37)  -0-88  (39)  4-2-03  (40)  -  1-15  (41)  -h  1*06  (43)  -  i*o6  (44)  -0-98  (47) 
4-0-98  (48)  4-  1-73  (49)  -  1-73  (50)  -3-71  (52)  4-3*71  (53)  4- 1-92  (59)  -  1*92  (60) 
4-0-88(62) -0-88.(63) -2-04  (65) -f  5-51  (66) -3-47  (67)4-2-24  (70) -2-24  (71) 
-4*44  (73)  4-4*44  (74)  4"  i*93  (75)  -  i*93  (76)  4-0*94  (77)  -0-94  (78)  4-0*68  (^9) 
-0-68  (80) -3-18  (81) 
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(f)  Figure  adjustment — Continued. 
Correlate  eqtuUions. 

=  +  C  -  C4  - 1  -420*  +  4-29C,7  -  z-SyCj, 


(I 
(2 
(3 
(4 
(5 
(6 
(7 
(8 
(9 

10 
II 

12 

13 

14 

15 
16 

18 

19 
20 

21 

22 

23 

24 

25 
26 

27 

28 

29 
30 
31 
52 

33 
>34 
35 
36 
37 
38 
39 
40 

41 
.42 

43 


=  +  C4-2-87Ca7-r2'87C34 

=  -C.-C3-o-58C^ 

=  -  C.  +  C3 -f  I  •99C^  - 1  ^iC,* 

=  -f-C,  +  i-23C«5 

=  -  C,  -h  C4  -  o-87C^  -h  0-87C34 

= -f  C,  -  C3 -f- 4- 1  iQKi  -  0-87C34 

=  -fC3-Cs-3-24Ca6 

=  +  Cs-C6-o-39C34 

=  -  C4  4- Cfi -h  0-39C34 

=  -Cs-2-9iC^ 

=  -  C3  -h  Cs  -  o-68C«s  -f  3'59Ca7 

=  -C.  +  2i4C^ 

=  -h  C,  +  C3 -  I •46C^  ~o-68C^ 

=  -C8-3'i2C,8 

=  -  -  C7  -I-  Cb  -f  5-46Crf  -  2-34C^ 

=  -C6 4-  C;  -o77C^  -  2-340,8  -^ 3'"C34 

=  -  Cj  +  C6  -f- 1  -290^  -  077C34 

=  +  C5  -  o-52C^ 

=  -C4-:-38C^4-3-38C34 

=  -^  C4  -  Qs  -H  6-920:^  -  3 -38034 

=  -^-  Cs  -  C7  -  3-54C»7  -  -  2-o8C,8 

=  +  C7  -  C9  -h  3*37C,8  -  I  -29034 

=  -f-C5-r29Crt  I-I-29C34 

=  -C,o  fo-66Crf 

=  -  Cg -r  Co  4- 1 -osCrf 

=  4-08-1-690,8 
=  — O74-O9  — 010O34 
=  4-07  —  084  010O34 
=  4-08  -0,0 

=  4~  Oio     "Cxi        2*90V-34 

=  -09  +  0,,  4- 290034 

=        O9     -3-2lOrf^   3"2l034 

= -f  0,  -  0„  4- 3*480^  -  3-21034 

=  4-  0„  -  0„  -  O-270:*  -  I  '8oO^ 

=  -r  0„  -  0,3  4-  373C^  -  -  i  '93034 

=  -r  0,3 -1-930^  4- 1 -93034 
=  — 0,4-2-090,5, 

=  -0„  + Cm  4- 2-970,9   -0-88O34 

=  -  0„  4-  0„  -  I  •  150,8  -  o-&^0,9  -f  2  03034 

=  -  0,0  4-  Ox,  -r  5780,8  - 1  -15034 
=  4- 0,0 -4 '630,8 

^—  VvX3     |-  ^13  4~   *    00^34 
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(44 
(45 
(46 

(47 
(48 

(49 
(50 

(51 
(52 

(53 
(54 
(55 
(56 

(57 

(5« 

(59 
(60 

(61 

(62 

(63 
(64 
(65 
(66 

(67 
(68 

(69 
(70 

(71 
(72 

(73 
(74 
(75 
(76 

(77 
(78 

(79 
(80 

(81 

(82 


{c)  Figure  adjustment — Continued. 
Correlate  equations — Completed. 

=  -f  C„-C,4-ro6C34 

=  +  Cu-C,, 

=  -f  C,7-Cx8-27lC3, 

.=-  C,s  -{-  Crt  +  3*69C3,  -  0-98C34 
=  -  C,3  -f  C,5  -  0-98C3,  -h  0-98C34 

=  -  C,3  - 1  73Ca9  +  I  73C34 

=  +  C,3  ~  C,s  -h  2-6iC,9  -  I2-99C30  - o-88C3a  -  I -n^^ 
=  -C,6+i3"87C3o 

=  +  C,5  -f  C,6  -  C„  -  o-88Ca9  -  O-88C30  -f  4'59C3a  -  37iCv 
=  -f  C«-37iC3.-h37iC34 

=  -C,7  — C,9-f  O'SOCj, 

=   -  C,6  +  C,9  -  ii5Ca9   -  I'iSCjo  4-  I'lSCji 

=  -rC,6-h8-53C3o 

=  -  C,4 -f  C;  -h  I -61^9  -  7-38C30  - 1 -esCj, 

=  +  C,4  -  o'46C^ 

=  — C,5  —  C,6  -r  C»  -  I  -92019  -  I  92  Cji  -h  I  •92C34 

=  -f  C,5  -  C,8  -r  6-23C:i9  t  6-23C30  -  4*4oC3,  -  i  •92C34 

=  +  C,6  -  -  C,9  -  4'3iCa9  -  4"3i  C30  -h  4*3iC3, 

=  +  Crt  -f  Cx9  -C«  4-  009C3,  -f  0-88C34 

=  -C«,-hC„-o-88C34 

=  -C^-8-44C33 

=  -  C„  +  C.4  +  IO-48C33  -  204C34 

=  -  C„  +  C„  -  3-47C3a  -  204C33  -I-  5-5IC34 
=  -C,8-Cx9  +  Cax-i78C3.4-5'25C3.-3-47C54 
=  -  Cx7+  C,8  -h  7-03C3,  -  1  78C3, 
=  +  C„-hC,9-5-25C3x 

=  -  C  -  2-24C3,  -f  2-24C34 

=  -fC«,  C«-f  5MC3»-2-24C34 
=  -\-  C,x  -  -  C„  —  2-90C3,  —  o*  13C33 
=  -fC„-  C,3  +  4-57C33-4-44C34 
=  -h  C,3  -  4-44C33  -h  4"44C34 

=  -C„  +  C„+i-93C34 
=  -fC«-C,4-i-93C34 

=  +  C^--C^4-o-94C,4 

=  -C,3f  C^-o-94C34 

=  -C„--o-68C33  +  o-68C34 

=  +  C„  -  C5  +  3-97C33  -  0-68C34 

=  -  Ca4  +  Cas  4-  4-94C33  -  3-I8C34 

==  +  Ca4-l76C33 
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o=— o*i7 

-rO*o2 

+069 

-018 

-fl  '22 

088 

-086 

4- 1 '37 

-fo-65 

—0*64 

-TO  47 

-  I  "ii 

-i-o  -83 

—0-25 

UNITED  STATES  COAST  AND  GEODETIC  SURVEY. 

(c)  Figure  adjustment — Continued. 

Normal  equations. 
Ci        C,        C3        C4        C5        C«        Q.-I        C«        C9       Cio       Cii 


'13 


-^4 


+2 
—2 

+6 


—  2 

—2 

-f-6 

...       -f-6 


—2 
—2 
+6 


—  2 
+6 


—2      — 2 

+6  —2 

+6 

•  •  •  •  •  •  ^^^\# 


—  2 

—2 
+6 


—2 
+6 


-13 


'14 


—2 

46 


—2 


+6 


— o  '17 
4-0*02 
+0-69 
-o-i8 

-t-I  '22 
-088 

-0-86 

4083 

—0-25 

o=-   I  05 

-2  15 
-  I  '06 

-  -0  '20 

-  0  43 
-058 

-I  r  06 

-  o  84 
-ro-28 

-  3*20 

-J-O'42 

-05 
-M'5 


C. 


16 


Normal  equations — Continued. 

V-I9  >-t8  V«i9  k-jo  v^ai  V-aa  V- 


17 


»3 


Ca4  C 


»5 


C^ 


-2  37 

— o*io 

-r3'56 

-r2-3o 

-8-13 

—  I  70 

40-55 

43-14 

42  56 

44  69 

—8-40 

4-277 

—2 


46      42 
-6 


-r6 


—2 

•  ■  • 

—2 

—2 

—2 

•  ■  • 

•  •  • 

•     •■                     ••*                     •••                                     ••••                                                            •••• 

—  2 

42 

46 

42 
46 

—2 
—2 

*  «  « 

•  «  • 

-r6 

—  2 
-r6 

—2 

+6 

«•«                      •■■                     •••                                     ••••                                                             •••• 

—2      —2 

-r6             -2 

46    -2 

•  •  •          •  •  •            1    *»                ••••                           •••• 

4-38  '850      -7  '540 

•  •  • 

•  •  • 

•  •  ■ 

•  •  • 

•      •      • 

-f-I27*I26 

J 
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C^ 


(r)  Figure  adjustment — Continued. 
NomuU  egua/ion  s—Contimxed, 

Cao  L-jo  ^,31  V^ji 


-J9 


'33 


-54 


—  o'i7 

-h   0*02 

—  3-20 

+  069 

—   0*54 

—  018 

o*54 

4-    I  "22 

«   ■  •  ■ 

•  •  •  • 

•  •  •  • 

■    •    •    • 

•  ■  •  • 

•   •  •   • 

+  0-38 

-  0-88 

+  026 

+  0*28 

-  086 

-  2-35 

+  4  -36 

+  1-37 

+  5-86 

m 

2*44 

+  0-65 

+  2  03 

-  6-84 

—  0-64 

—  10-04 

•  •  •  • 

•       .  •  •  • 

•     •     •    • 

•  •  •  • 

•   •  •  • 

-  1*75 

-f  0-47 

+  3  -18 

—  0*92 

+  5-83 

—  I  "11 

0-88 

4-  1-68 

—  I-I4 

+  083 

—  I  -32  . 

-12-99 

+  O'lO 

+  048 

—  0*25 

•  •  *  • 

+  299 

+  7-38 

+     1-65 

•  •  •  • 

■  •  •  • 

+  o*i8 

-  I  05 

+  4-66 

+20*26 

--    4-40 

+  o-8o 

-  3-86 

-  2-15 

—    2  '12 

7-46 

+  3 -16 

+  4  59 

-  5-63 

-  I  06 

-f  I -61 

-  7-38 

-14 '43 

-  093 

—   0-20 

—  6  23 

—  6  23 

+13  30 

—  0-63 

+  5  29 

-  0-43 

+  3  16 

+  3 -16 

-  7-04 

-  5  25 

-f  4*35 

—  058 

•  •  ■  • 

—  I  -04 

—  I  -04 

■  ■  •  • 

—  0*92 

•   •  «  ■ 

4-  5  74 

+  I  06 

—  1-87 

+  068 

+  1-91 

-  8*50 

+  084 

-  0-57 

—  7*82 

-  0-75 

+  0-28 

4  36 

+  10-39 

—  3-20 

+  12*22 

+  4-01 

+  042 

«  •  •  ■ 

•  •  •  • 

■    «    ■    a 

•  •  «  • 

•  •  •  • 

+  097 

-  4-38 

-  0-5 

0-257 

+  1-5 

+  9  165 

-61  -557 

0=+  2 '5 

+145  '377 

+  1-498 

-56-532 

-  6-9 

-f  1 10 '622 

+  17-387 

-49  967 

-  6  -336 

35-215 

+  77 

•  •  •  • 

•  ■  •  • 

+551  '515 

-35  -134 

+  7-392 

•    •    •    • 

-I- 10 '090 

-f  3'9 

+122-391 

—21  858 

+  14-704 

-5-6 

+140*146 

+    7-456 

-87716 

+15 '5 

+  269  -566 

-91  -495 

-f  07 

+276  *I96 
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Resulting  values  of  correlates. 


C,=-ho  252 

C,o=— 0044 

Ci9=— o-io6 

Cae=— 0*048  I 

Ca=-0-283 

C„=-f-o*o89 

Cao=+0  394 

C,9=4-0  02I    5 

C3=-o-463 

C„=-ro*288 

Ca,= -0*015 

C»,=— 0*013  8 

C4— 0  -041 

C,3=  4-0*050 

C„=-f  0*091 

C3,= -0*035   2 

C5=— 0*292 

C,4=-4~o*272 

C,3=-hO*227 

C3,=  - -0*033    2 

C6— +0-004 

C,5=  4-0*324 

Ca4=-i-I    070 

C33= -0*137   9 

C7=— 0-II4 

C,6=-f  0*277 

C5=-o*456 

C34=— o'lio  6 

C8=-0  -203 

C,7=  ^0*346 

C,6= --0*034    2 

C9=    -0150 

C,8=-f  0  -467 

Cy^ -0*055    2 

Resulting  corrections  to 

angular  directions. 

// 

n 

ff 

// 

(i)=-o-ii3 

(22)=-^o*i85 

(43)=    0*355 

(64)=-ho*094 

(2)— 0"200 

(23) =4-0 -243 

(44)=-ro*i33 

(65) =-0*241 

(3)-- f-0*242 

(24)=    0*231 

(45)=    0*074 

(66)  —  -  -0-107 

(4)=--o-i34 

(25)  =  -fO*OI2 

(46)=--o*03i 

(67)  =  -o*io4 

(5)  =  -fo-2io 

(26)=-f  0*110 

(47)==-o*i29 

(68)=-o*o67 

(6)  =  4-o-i76 

(27)  — —0*122 

(48)  =  -ho*i98 

(69)=-|-o  -425 

(7)=-rO-i36 

(28)=      0*253 

(49)— 0*278 

(70)=— 0-567 

(8)— o-o6o 

(29)  =  - 0*306 

(5o)=-i-o*i82 

(71  )=-f  0*486 

(9)=    0*253 

(30)  — -0*159 

(5i)=-o*468 

( 72  )=-f  0*008 

(10)— -rC*oo2 

(3i)=-o*i88 

(52)-- fo*458 

(73)=-o'275 

(ii)=-f-o-453 

(32)=— 0*082 

(53)- -^0*107 

(74)=-ho*348 

(12)=— 0*004 

(33)=-o*05i 

(54) =-0-258 

(75)=-o*078 

(13)=    0*325 

(34)—    0*051 

(55)=    0*432 

(76) =-0*765 

(i4)  =  -o-i24 

(35)---o-225 

(56)  =  ^o*i59 

(77)  =  a-o*5IO 

(i5)-io*353 

(36)=-ro*532 

(57)=^o*269 

(78) =+0*333 

(16)     —0*321 

(37)— 0-205 

(58)- ^0*262 

(79)=     0*208 

(i7)=-oo79 

(38)—  0*317 

(59)=   -o*434 

(80)=— 0*701 

(iS)     —0-310 

(39)=-^o*i45 

(60) — -0*272 

(8i)=-o*944 

(i9)  =  -o*263 

(40)  — -^O'OII 

(6i)  =  -fo*i98 

(82)=4-i*3i3 

(20)     —0*146 

(41)=-  -0*018 

(62)=-  0*276 

(21)— 0*053 

(42)  =  -o*i79 

(63)  =  -o*3i2 

No.  Stations. 

Honey  Creek 
I  <    Claremont 
Hunt  City 


{d)  Adjusted  triangles,  Indiana. 


Observed  angles. 

or  // 

67    33    52-33 
56    06    20*71 

56     19    4921 


c-ec-  t^f-  sp^r 

^*^°®-   angles,  excess. 

//  ff         ff 

— o  04    52  *29    o  *75 

—01 1     20*60    o*74 

-TO*  13    49*34    o*74 


02  25 

2*23 

Belle  Air 

72 

14 

07  -11 

—0*12 

06*99 

0*44 

Honey  Creek 

33 

04 

17  *i6 

—0*20 

16*96 

0-44 

Hunt  City 

74 

41 

37*75 

-0-37 

37-38 

0-45 

Log  s. 

4  '535  016  4 
4*488  312  I 

4  '489  451  3 


Distances 
in  metres. 


34  278  *o7 
30  783  -08 
30  863  -94 


4  -488  312  I  30  783  -08 
4  -246  469  9  17  638  -83 
4  *493  845  4   31  177  79 


02  *02 


1*33 
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(d)  Adjusted  triangles^  Indiana — Continued. 


No. 

Stations. 

Observed 

angles. 

^S"--    Wi" 

^^^°«-    angles. 

ical 
excess. 

Log 

5. 

Distances 
in  metres. 

0 

/ 

// 

// 

// 

// 

Belle  Air 

44 

32 

07  '61 

-ro-2o 

07-81 

0-21 

4 -156 

"4  3 

14  -325  -65 

3 

Oblong 

59 

43 

05-85 

-fo-2i 

06  06 

0*2l 

4  -246  470  0 

17 

•638  -84 

Hunt  City 

75 

44 

46-99 

-0-24 

4675 

0*20 

0-62 

4  296 

599  3 

19 

797*00 

00  45 

r  Summit 

31 

53 

44  32 

--0-09 

44-41 

0-84 

4-489 

451  3 

30 

863-94 

4 

Claremont 

3$ 

17 

0772 

—0-09 

07-63 

0-84 

4  -538  691  3 

34  569  36 

Honey  Creek 

III 

49 

10-30 

—0-18 

10  -48 

084 

2    52 

4*734 

229  I 

54 

228 '69 

02-34 

Merom  College 

69 

46 

58-20 

-o'39 

58-59 

o'54 

4  538  691  3 

34 

569  36 

5 

Summit 

30 

45 

12-94 

-024 

13-18 

0-54 

4-275 

022  9 

18 

837  -48 

Honev  Creek 

79 

27 

49-61 
0075 

f  0  -25 

49*86 

0-55 
1-63 

4*558 

923  3 

36 

217  *9o 

Merom  College 

76 

01 

27-12 

-057 

26  55 

0-46 

4  '493  845  4 

31 

177  -79 

6 

Honev  Creek 

68 

04 

50-60 

—0*19 

50-41 

0-46 

4  -474  3f>8  2 

29 

806-31 

.  Belle  Air 

35 

53 

\\  -88 

—0-46 

44-42 

0-46 

1-38 

4*275 

022  9 

18 

837  -48 

02  -60 

Sisson 

92 

48 

04-55 

-ro  -56 

05-11 

0-52 

4  -558 

923  3 

36 

217  -90 

mm 

I 

Summit 

45 

14 

01  05 

:  0*06 

01  -11 

0-53 

4-410 

690  3 

25 

744*85 

Merom  College 

41 

57 

55*12 
00-72 

-  0  -24 

55-36 

053 
1-58 

4-384 

660  6 

24 

247  -^5 

Wright 

51 

14 

20  94 

—0  -23 

20-71 

0-40 

4-4x0 

690  3 

25 

744-85 

8 

Sisson 

94 

44 

28-80 

-0  -47 

28-33 

0*40 

4-517 

2386 

32  903  *23 

Merom  College 

34 

01 

12-83 

—0-67 

12  -16 

040 
I  -20 

4-266 

512  7 

18 

471  -95 

02-57 

Osborn 

33 

15 

22  '24 

0-00 

22  -24 

0-77 

4-384 

660  6 

24 

247  -'5 

9 

Summit 

58 

27 

44-67 

—0-48 

44-19 

077 

4  -576 

168  2 

37 

684-97 

Sisson 

88 

16 

5606 

—0-17 

55*89 

0-78 
2-32 

4  *645  383  5 

44 

196-05 

02-97 

Calvary 

61 

24 

44-79 

—0-03 

44*76 

0-80 

4-576 

168  2 

37 

684-97 

10 

Osborn 

82 

37 

14  -18 

—0*17 

14*01 

0-79 

4-629 

019  3 

42 

561  -74 

Sisson 

35 

58 

03-89 
02-86 

—0*27 

03-62 

o-8o 
2-39 

4-401 

510  5 

25 

206*38 

Calvary 

24 

28 

39-20 

-ro'2o 

39*40 

0-50 

4-266 

512  7 

18 

471  '95 

II  . 

Sisson 

48 

12 

26*70 

-fo-34 

27*04 

0-50 

4-521 

644  2 

33 

238  -72 

.  Wright 

107 

18 

54-95 

-f-O'IO 

55*05 

049 
1*49 

4  '629  019  4 

42 

561  75 

00-85 
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{d)  Adjusted  triangles,  Indiana — Continued. 


No. 

Stations. 

Observed  angles. 

t'^"*-     an^es. 

Spher- 
ical 
excess. 

Log  J. 

Distances 
in  metres. 

0 

/ 

// 

ff 

// 

ff 

Beard 

63 

13 

47-81 

-ho -49 

.48-30 

0  -43      • 

4  -401  510  5 

25 

206-38 

12 

Osborn 

49 

22 

10-43 

-fo-76 

II  -19 

042 

4  -330  945  7 

21 

426  -23 

Calvary 

67 

24 

01  -92 

—0*14 

01  -78 

0-42 

4-416  047  7 

26  064  -40 

oo*i6 

I  -27 

Rariden 

50 

35 

10-48 

-t-o-46 

10-94 

054 

4  -416  047  7 

26  064  '40 

13 

Ostx>m 

47 

24 

3176 

-0-74 

31  -02 

054 

4  '395  097  8 

24 

836  -93 

Beard 

82 

00 

20*22 

055 

19-67 

055 
1*63 

4  523  862  I 

33 

408  89 

02-46 

Leonard 

13 

51 

33*21 

rO*ii 

33*32 

0-13 

4  *395  097  8 

24 

836  -93 

14   . 

Rariden 

8 

38 

02  96 

-065 

02-31 

0-I2 

4* 192  166  7 

15 

565  63 

Beard 

157 

30 

24*47 

4-0-28 

24*75 

0-13 
0-38 

4  *598  439  6 

39 

667-94 

00-64 

Leonard 

77 

33 

20-87 

— o-oi 

20-86 

0*23 

4  *330  945  7 

21 

426-23 

15 

Beard 

57 

15 

27-50 

— 0-20 

27  30 

0-24 

4-266  123  5 

18 

455  40 

Calvary 

45 

II 

12-09 

"ho -46 

12-55 

0-24 
0*71 

4*192  166  6 

15 

565  *63 

00-46 

Fountain 

47 

34 

42-06 

+0-71 

42*77 

059 

4  *395  097  8 

24 

836  -93 

16 

Rariden 

67 

27 

44*85 

-ho -27 

45*12 

0-59 

4  *492  420  3 

31 

075*66 

Beard 

64 

57 

33*82 

4-0-07 

33*89 

0-60 
I  -78 

4  484  054  7 

30 

482  79 

00-73 

Fountain 

73 

39 

37 -18 

-ho  -63 

37  -81 

0-87 

4  598  439  '6 

39 

667-94 

17 

Rariden 

58 

49 

41*89 

-fo-93 

42-82 

0-88 

4  -548  625  7 

35 

369*24 

Leonard 

47 

30 

41-41 
00-48 

-fo-59 

42  -oo 

0-88 
2-63 

4  -484  054  9 

30 

482-80 

Fountain 

26 

04 

55*12 

—0*07 

55*05 

0-41 

4*192  166  7 

15 

565  63 

18 

Beard 

92 

32 

50  65 

-1-0 -21 

50-86 

0-41 

4  -548  625  8 

35 

369*24 

Leonard 

61 

22 

14*62 
00-39 

-1-0-70 

15*32 

041 

- 
1-23 

4  492  420  4 

31 

075 -66 

Weed  Patch 

49 

41 

20-54 

4-0-04 

20-58 

0-66 

4  *492  420  4 

31 

075-66 

19 

Fountain 

92 

27 

53*19 

0-00 

53*19 

0-66 

4  *6o9  754  3 

40  714-99 

Beard 

37 

50 

48-04 

-^o-i6 

48-20 

0-65 

4  -398  005  3 

25  *oo3  -76 

01  -77 

1*97 

Weed  Patch 

71 

3^3 

53*17 

+053 

53*70 

0-68 

4  *548  625  7 

35 

369  24 

20 

Fountain 

66 

22 

58-07 

40  08 

58-15 

0-69 

4  -533  641  7 

34 

169-74 

Leonard 

42 

06 

10-39 

— 018 

10 -21 

0-69 

4  -398  005  3 

25  003  -76 

01  63 

2 -06 
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{d)  Adjusted  triangles,  Indiajia — Completed. 


No. 

Stations. 

.    Observed 

•angles. 

cs-c-  ^r^r  ''tti- 

lions.          -% 

angles,  excess. 

Log  J. 

Distances 
in  metres. 

0 

/ 

// 

// 

// 

// 

Weed  Patch 

21 

49 

32-63 

1      -fo-49 

33*12 

0-44 

4  -192  166  7 

15  565  -63 

21  i 

Beard 

54 

42 

02  -61 

+0-04 

02  65 

0-44 

4  '533  641  5 

34  169-72 

Leonard 

103 

28 

25-01 

+0-53 

25*54 

0-43 
1*31 

4  -609  754  2 

40  714  *98 

c»-25 

Miller 

43 

09 

39*95 

+1-05 

41  -00 

054 

4  -484  054  8 

30  482  -80 

22  \ 

Rariden 

29 

36 

0470 

-0-35 

04*35 

0-54 

4  -342  654  5 

22  on  '75 

Fountain 

107 

14 

16-40 

— 0*I2 

16-28 

055 
1*63 

4  -629  006  0 

42  560-43 

01  -05    . 

Miller 

36 

03 

56-66 

—0-48 

56-18 

0-43 

4  -398  005  3 

25  003  -76 

23 

Fountain 

112 

43 

08-35 

-0-58 

07*77 

0-43 

4  *593  029  I 

39  176-81 

.  Weed  Patch 

31 

12 

57 '34 

O'OO 

57*34 

0-43 
I  -29 

4  -342  654  4 

22  on  '74 

02-35 

Tripp 

47 

35 

33 '62 

—0-69 

32-93 

I  -26 

4  *593  029  I 

39  176-81 

24  . 

Miller 

86 

25 

35  79 

—0-28 

35*51 

I  -27 

4  *723  914  I 

52  955  *87 

.  Weed  Patch 

45 

58 

55*22 

-fo-13 

55*35 

I  -26 



3*79 

4  *58i  559  4 

38  155  -70 

04-63 

Tripp 

113 

56 

39*86 

— o-i8 

39*68 

0-23 

4  '453  827  3 

28  433  '30 

25 

Green 

33 

30 

15*37 

0-94 

M*43 

0-22 

4  -234  844  I 

17  172  -92 

.  Stout 

32 

33 

05-86 

-f-o-7o 

06-56 

0-22 
0*67 

4-223  741  2 

16  739  *45 

01  -09 

Tripp 

82 

25 

52-05 

—0-41 

51*64 

0-55 

4  '599  073  6 

39  725  89 

26 

Stout 

72 

II 

45*04 

-049 

44*55 

0-55 

4  *58i  559  5 

38  155  -71 

^  Miller 

25 

22 

24*84 

-}-o-62 

25*46 

0-55 
1*65 

4  -234  844  I 

17  172  -92 

01-93 

Tripp 

116 

01 

54*47 

-f-i  -28 

55*75 

0-68 

4  *793  440  5 

62  149-90 

27 

Weed  Patch 

14 

00 

20-83 

034 

20 '49 

0-67 

4  -223  741  I 

16  739  "45 

Green 

49 

57 

43*52 

-f2-26 

45*78 

0*67 

4  -723  914  I 

52  955  -87 

58-82 


2  -02 


{e)  Precision  of  the  Indiana  series  of  triangles. 

The  probable  error  in  length  of  any  side  of  the  series  of  triangles  due  to  the  angular 
measures  may  be  found  as  usual  by  the  formulae: 


m 


^\2\vv\  ^  ,,^  ^^3(tf^  Y^^^a\P'^^-^A^B^-^lA  and  ea  =0*674  5^  V^ 


To  this  must  be  added  the  probable  error  due  to  that  of  the  side  of  the  base  net. 
From   the  solution   of   34  normal   equations  involving    82    directions  we  have 


m  —  ito"-72. 
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The  side  Calvary  to  Osborn  is  selected  as  dividing  the  series  into  Jtwo  nearly  equal 
parts,     ^a  =17*2  in  units  of  the  sixth  place  of  decimals  in  the  logarithm.     Starting 

n 

from  the  side  Green  to  Stout  of  the  Holton  Base  Net,  we  have  2  =  99*0  (8  triangles), 
fa  =  ±0*228  metre,  ^6  =  d=  o -080  metre,  and  ^,  =  ±0*242  metre.    Starting  from  the  side 

n 

Hunt  City  to  Claremont of  the  Olney  Base  Net  2  =  6g'6  (6  triangles)  ,ea  =  db  o'  192  metre, 
ei,=  ±:  o'oSS  metre,  and  <?,  =  d=  0*2 1 1  metre.  Then  the  probable  error  in  length  of  Calvary 
to  Osborn  as  a  side  of  the  adjusted  triangulation  is  found  by  the  expression  ^  =    .  -^  *  »-^ 

=  ±0*159  metre,  or  about  TTT^inr  part  of  the  length. 

The  effect  on  the  arc  is  approximately  (the  distances  being  measured  on  the  thirty- 
ninth  parallel  between  the  projections  of  the  middle  points  of  the  terminal  lines)  as 
follows: 

Terminal  lines.  Distances.  Probable  errors.  Average. 

km.  nt, 

Green-Stout  to  Calvary-Osborn  113  yis^sog  y^g^goo  aiiSoo  :to*54 

Calvary-Osborn  to  Hunt  City-Claremont  102  T^^HTriy  ir^T^Tnr  iTyrSnnr  ±0  '5° 


215  Sum  zirl  '04 

5.    THE   ILLINOIS  SERIES  OF  TRIANGLES.       1880-81-82-83. 

(a)  Introduction. 

This  series  forms  the  connection  of  the  Olney  Base,  measured  by  the  United  States 
Lake  Survey,  and  the  American  Bottom  Base  east  of  St.  Louis,  Missouri.  The  distance 
along  the  axis  of  the  triangulation  between  Newton  and  Clarks  Mound  is  about  172 
kilometres  (107  statute  miles);  the  number  of  intermediate  stations  is  12,  and  the 
average  length  of  a  side  is  29  kilometres  (18  statute  miles);  the  average  number  of 
series  observed  (mean  of  telescope  D.  and  R.^  at  a  station  is  103,  and  the  number  of 
positions  of  the  circle  17. 

The  obser\^ations  were  made  by  G.  A.  Fairfield,  J.  B.  Weir,  and  F.  W.  Perkins, 
assistants.  The  theodolite*  was  mounted  at  all  the  stations  on  scaffolds  with  an 
average  elevation  above  the  ground  of  18 'i  metres.  Respecting  the  physical  aspects  of 
the  country  traversed  by  this  series,  the  observer,  Assistant  G.  A.  Fairfield,  remarks  as 
follows: 

The  great  plane  which  stretches  across  Illinois,  in  the  vicinity  of  the  thirty-ninth  parallel,  from 
the  bluffs,  rising  from  the  eastern  edge  of  the  Great  American  Bottom,  to  the  Wabash  River,  may  best 
be  described  as  a  slightly  undulating  prairie,  more  or  less  deeply  scored  by  river  and  creek  bottoms. 
The  diversity  of  the  surface  is  almost  entirely  due  to  erosion.  The  average  elevation  of  the  line 
above  sea  level  is  about  500  feet;  the  western  half  being  somewhat  above  that  figure,  while  the 
eastern  half,  which  gradually  slopes  to  the  Wabash,  falls  somewhat  below  it. 

The  forests  are  scanty  and  of  recent  growth,  except  in  the  deeper  bottoms,  and  the  trees,  which 
are  mainly  confined  to  the  slopes,  rarely  exceed  75  feet  in  height.  The  summit  levels  are  for  the 
most  part  flat  and  under  cultivation.     The  great  economy  of  building  to  overlook  the  trees  in  a  flat 


♦The  diameter  of  the  horizontal  circle  of  the  theodolites  employed  in  the  work  is  given  in  connection  with  the 
abstract  of  resulting  directions. 
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country,  rather  than  cutting  lines,  being  well  established,  towers  were  used  at  all  the  stations,  their 
height  being  governed  by  that  of  the  trees  of  the  region.  Whexse  a  natural  elevation  existed,  the 
height  of  the  towers  was  correspondingly  less. 

During  the  first  season,  in  1880,  observations  were  made  on  poles;  after  that  all  observations 
were  made  on  lights  at  night. 

No.  30. 


J^rth 


l0iar*id  QneeA. 


Huntdty 


.Amerii 


ThrkeyNOl 


StatntB  "hSImm 


w  •  •  %  t  o 


10 


20 


Kilometras 


R>      »      0 


10  to 


«0 


The  adjustment  of  the  figure  involves  33  conditions  to  be  satisfied,  of  which  two  are 
necessary  to  preserve  the  length  and  relative  distance  of  the  base  net  sides  and  one  the 
accord  in  length  between  the  two  measured  base  lines.* 


{d)  Abstract  of  resulting  horizontal  directions  at  each  station  from  local  and  from  figure 

adjustments,  1880-8 1-S2-8J, 

Dreyery  St.  Clair  County,  Illinois.  October  26  to  October  27,  1871.  30-centimetre  theodolite,  No.  32. 
O.  H.  Tittmann  and  R.  E.  Halter,  observers.  June  20,  1873.  25-centimetre  theodolite.  No.  74. 
C.  H.  Van  Orden,  observer.  November  19  to  December  i,  1880.  30-centimetre  theodolite.  No. 
107.     Telescope  above  ground  in  1880,  10*67  metres.     G.  A.  Fairfield,  observer. 


objects  observed. 


rr>rr«>^f<nne    CorTCCtlOnS 

Resuldng  direo       Approxi-      f rom  bSlr-    ^"""  ^^'    ^'"«*  ^^ 


adjustment. 

able  error. 

nci  aajusi- 
nieut. 

figtire  ad- 
justments. 

angulation 

0         / 

// 

ff 

// 

ff 

ff 

0     00 

00 'GO 

-4-0 '19 

+077 

0077 

56     04 

42-32 

O'lO 

—  I  -40 

40-92 

85     08 

41  -16 

0  "09 

140     08 

3276 

0*14 

+0-63 

33*39 

184     06 

2779 

0-32 

-0-99 

26-80 

Kleinschmidt 
Insane  Asylum 
Standpipe 
Clarks  Mound 
Turkey  Hill 

Mean    o  'oo 
Probable  error  of  a  single  observation  of  a  direction  ( /?.  and  ^. )  =  d=  o^''-98. 

*  In  these  equations  plane  angles  were  used  to  obviate  the  reduction  from  arc  to  sine. 
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(^)  Abstract  of  resulting  horizontal  directions  at  each  station  from  local  and  from  figure 

adjustments,  1880-81-^2-^3 — Continued. 

Sugar  Loaf  Mound,  Madison  County,  Illinois.  May  12  to  May  24,  1873.  25-centimetre  theodolite, 
No.  74.  C.  H.  Van  Orden,  observer.  September  13  to  September  24,  1880.  30-centimetre  theod- 
olite, No.  107.     Telescope  above  ground  14*20  metres  in  1880.     G.  A.  Fairfield,  observer. 


Objects  observed. 


r'^«-*'<k#.«-;/>«ia  Corrretions 
Resulting  direc-        Approxi-     V?I^^I.    from  base-     Final 

^^"3/,T^!!f.'^^"    ?Al%Pi°^    net  adjust- 


adjustment  able  error.        nient 


sec- 
net  and      ond^in  tri- 
figure  ad-    angulation, 
justments. 


4 
5 


Parkinson 

Berger 

American  Bottom  Lower  Base 

Clarks  Mound 

Insane  Asylum 

Standpipe 

Minoma 


o  /  //  // 

o  00  OO'OO  dbo*2o 

30  24  26  70  0*19 

114  53  21*82  0*20 

117  35  06*48  o-ii 

161  07  27  '22  O  *23 

174  35  29*21  0*13 

185  II  47*19  0*22 


// 


// 
— o*o8 
—0*24 


// 


-{-0*09 
—0*24 

-o*33 
-fo*4S 


59  92 
26*46 
21  '91 
06*24 
26*89 

47*67 


Mean     o  "oo 
Probable  error  of  a  single  observation  of  a  direction  ( D.  and  R. )  = 


I  ^''•20. 


Clatks  Mound,  ^X^diAXx  County,  Illinois.  October  13  to  November  10,  187 1.  30-centimetre  theodo- 
lite, No.  32.  O.  H.Tittmann  and  R.  E.  Halter,  observers.  May  28  to  May  3^,  1873.  25-centimetre 
theodolite,  No.  74.  C.  H.  Van  Orden,  observer.  August  13  to  September  4,  1880.  30-centimetre 
theodolite.  No.  107.     Telescope  above  ground  in  1880  10*52  metres.     G.  A.  Kairfield,  observer. 


0 

/ 

// 

// 

// 

ff 

// 

Dreyer 

0 

00 

00*00 

dbo*l3 

-fo-39 

00 -39 

Kleinschmidt 

17 

23 

30  "35 

o*i8 

—1*80 

28*55 

Insane  Asylum 

46 

08 

58-34 

O'lO 

+075 

59  09 

Minoma 

73 

51 

07  94 

0*31 

-fo-73 

08*67 

Standpipe 

77 

38 

29  97 

0*14 

Sugar  Loaf  Mound 

149 

26 

05-45 

0*I2 

+0*95 

06*40 

American  Bottom  Upper  Base 

154 

17 

03-14 

0*17 

—I  02 

02  *I2 

2 

Berger 

210 

04 

34-22 

0*23 

-fo 

•95 

35-17 

3 

Turkey  Hill 

256 

01 

II  -05 

0*19 

-*-o 

•12 

11*17 

\  Mean     o  'oo 

Probable  error  of  a  single  observation  of  a  direction  (/A  and  R.)  =  ±:  i''^*39. 

Turkey  Hill,  St.  Clair  County,  Illinois.     October  7  to  November  6,  1880.     30-centimetre  theodolite. 
No.  107.     Telescope  above  ground  11*73  metres.     G.  A.  P'airfield,  obser\'^er. 


Objects  observed 

9 

Berger 

10 

Geoffrey 

6 

Dreyer 

7 

Clarks  Mound 

8 

Parkinson 

Resulting  direc- 
tions from  station 
adjustment. 

Approxi- 
mate prob- 
able error. 

Corrections 

from  base-net 

and  figure 

adjustment. 

Final 
seconds  in 
triangula- 

tion. 

0         / 

// 

// 

// 

// 

0     00 

00*00 

drO*IO 

+0*05 

00*05 

37    59 

37-77 

0*16 

—0*69 

37-08 

236     15 

04-35 

0*21 

+0*23 

04*58 

268     18 

22*39 

0*I2 

-f-0*20 

22*59 

350    58 

00*59 

0*13 

-fO*2I 

oo*So 

Probable  error  of  a  single  observation  of  a  direction  (Z>.  and  ^.)  =  rb  1^^*32. 
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{d)  Abstract  of  resulting  horizontal  directions  at  each  station  from  local  and  from  figure 

adjustments  y  1880-81-82-83 — Continued. 

Berger^  St.  Clair  County,  Illinois.    July  15  to  August  6,  1881.     30-centimetre  theodolite,  No.  135. 

Telescope  above  ground  14*17  metres.    G.  A.  Fairfield,  observer. 

Resulting  dircc-        Approxi-       f^TSSSSt*      J^\\r^ 
tionfl  from  sution       matcprob-     »«>«»  »»8e-net      seconds  in 

•diustment.  ablee?ror.       Xfi«2«         ^^J^^^' 


Objects  observed. 

14 

Parkin.son 

15 

Geoffrey 

II 

Turkey  Hill 

12 

Clarks  Mound 

13 

Sugar  Loaf  Mound 

au 

juaLU. 

LCUU 

auic  crrur. 

adjustment 

tion. 

0 

00 

00 'OO 

±015 

// 
o*49 

// 

0 

59*51 

86 

24 

46*21 

0*17 

-fo-62 

46*83 

202 

36 

51-15 

0'20 

— o'i4 

51  'oi 

244 

58 

38*47 

0*I2 

—  O'OI 

38*46 

277 

09 

30*78 

0-17 

4-0*02 

30*80 

Probable  error  of  a  single  observation  of  a  direction  (/?.  and  ^.)  =  i  I'^'oi. 

Parkinson^  Madison  County,  Illinois.     August  21  to  September  28,  1881.    30-centimetre  theodolite, 
No.  135.    Telescope  above  jiround  14*17  metres.    G.  A.  Fairfield,  observer. 

o  /  // 

19  Berger  o    00    oo'oo 

20  Turkey  Hill  13    34    53  -38 

21  Sugar  Loaf  Mound  66    45    06*36 

16  Hoile  216    12    i6"-97 

17  Bording  273    04    28*03 

18  Geoffrey  292    20    45*52 

Probable  error  of  a  single  observation  of  a  direction  i^D,  and  ^.)  =  ± 0^^*86. 


// 

// 

if 

±0*12 

+0*63 

00*63 

o*i6 

-0*25 

53*13 

0*13 

— oi8 

06 '18 

0*13 

— 0'12 

16*85 

o*i6 

+008 

28*11 

0*14 

—0*15 

45*37 

Geoffrey^  Clinton  County,  Illinois.     October  19  to  November  6,  1881.    30-centimetre  theodolite,  No. 

135.    Telescope  above  ground  11*13  nietres.    J.  B.  Weir,  observer. 


// 


26 

Bording 

22 

Turkey  Hill 

23 

Berger 

24 

Parkinson 

25 

Hoile 

// 


// 


ff 


0    00    00*00 

±0*11 

—0*14 

59*86 

205    10    07*46 

0*13 

+o*i8 

07  64 

230    58    27  72 

0*18 

—  0*04 

27 -68 

256    54    26*39 

0*13 

-0*36 

26*03 

311     32    40*14 

o*i6 

H-o  -36 

40*50 

on  of  a  direction 

( /?.  and  R,  ] 

1  =  ±z  o'^*86. 

Bording^  Clinton  County,  Illinois.    September  18  to  October  9,  1882.     30-centimetre  theodolite.  No. 
135.    Telescope  above  ground  14*17  metres.    G.  A.  Fairfield,  J.  B.  Weir,  and  T.  P.  Borden,  observers. 


27 

Geoffrey 

28 

Parkinson 

29 

Hoile 

30 

Sturgess 

31 

Hartlin 

0 

/ 

ff 

// 

// 

// 

0 

90 

00*00 

±0*11 

+0*06 

00*06 

57 

38 

09*67 

o*i6 

-fo*i5 

09*82 

115 

35 

28*24 

0*17 

—0*18 

28*06 

155 

38 

41*89 

0*22 

H-0-20 

42-09 

200 

01 

46*38 

0*18 

— 0*22 

46*16 

Probable  error  of  a  single  observation  of  a  direction  (Z>.  and  ^.)  =  d=  i'^*03. 
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(d)  Abstract  of  resulting  hoHzantal  directions  at  each  station  from  Jocal  and  from  figure 

adjustments^  1880-8 iS 2-8 j — Continued. 

Hoiley  Bond  County,  Illinois.     July  25  to  September  3,  1882.     30-centimetre  theodolite,  No.  135. 
Telescope  above  ground  23*32  metres.     G.  A.  Fairfield  and  J.  B.  Weir,  observers. 


Objects  observed. 

34 

Bording 

35 

Geoffrey 

36 

Parkinson 

32 

Sturgess 

33 

Hartlin 

Resulting  direc- 
tions from  station 
adjustment. 


O 

15 

65 
268 

307 


00 

57 
10 

23 
17 


00  "GO 
1376 

33 'oi 
18 -60 

51*56 


Approxi- 
mate prob- 
able error. 

// 
±0-13 

O'lO 

0'20 

0'20 

0*17 


Corrections 

from  base-net 

and  figure 

adjustment. 

// 

+019 

—0-07 

-foo8 

-f-o'io 

—0*30 


Final 
seconds  in 
trian  gela- 
tion. 

// 

00*19 

13*69 

33*09 
18*70 

51   26 


Probable  error  of  a  single  observation  of  a  direction  (Z?.  and  -^. )  =  ±  0^^*98. 


Hartlin y  Marion  County,  Illinois.     November  23  to  December  3,  1882.     30-centimetre  theodolite.  No. 

135.     Telescope  above  ground  23*32  metres.  G.  A.  Fairfield  and  J.  B.  Weir,  observers. 

o  /  // 

Holtzhausen  o  00    00 '00 

Bording  190  34    08 'lo 

Hoile  233  25    44*75 

Sturgess  267  44    09*19 

Mound  315  20    07  -87 


41 

37 

38 

39 
40 


// 

// 
—0*26 

// 

-4-0*17 

59*74 

0*16 

-fo*43 

08 -53 

0*22 

—0*22 

44*53 

0*12 

-fo*o6 

09*13 

0*17 

-fo*ii 

07*98 

Probable  error  of  a  single  observation  of  a  direction  (/>.  and  -^.)  =  dr  I'^'oo. 


Sturgess^  Fayette  County,  Illinois.     May  27  to  June  11,  1883.     30-centimetre  theodolite,  No.  135, 

Telescope  above  ground  23*32  metres.     G.  A.  Fairfield,  observer. 


46 

Hoile 

42 

Mound 

43 

Holtzhausen 

.44 

Hartlin 

45 

Bording 

0 

/ 

// 

// 

ff 

// 

0 

00 

00*00 

d=o*i8 

-fo*i6 

00*16 

167 

20 

00*18 

o*i6 

-I-009 

00*27 

217 

22 

57*05 

o*i8 

-fo*3i 

57*36 

253 

12 

55*20 

0*13 

-|-o*o6 

55*26 

3" 

39 

54*04 

o*i6 

—0*61 

53*43 

Probable  error  of  a  single  observation  of  a  direction  {D,  and  R,)  =  dio'''*97. 

Holtzhausen y  Fayette  County,  Illinois.     August  6  to  August  21,  1883.     30-centimetre  theodolite.  No. 
135.     Telescope  above  ground  23*32  metres.     G.  A.  Fairfield  and  F.  W.  Perkins,  observers. 


47 

Hartlin 

48 

Sturgess 

49 

Mound 

50 

Lucas 

51 

Denver 

0 

/ 

// 

// 

// 

// 

0 

00 

00*00 

ibo*i4 

-fo-o5 

00*05 

51 

54 

13*23 

0*20 

+0*09 

13*32 

103 

36 

04*93 

0*17 

—0*16 

04*77 

172 

53 

41*45 

o*i6 

+o*34 

41*79 

210 

56 

39  07 

o*i6 

0-33 

38*74 

Probable  error  of  a  single  observation  of  a  direction  {D.  and  R,)  =  di  i''''oi. 
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(^)  Abstract  of  resulting  horizontal  directions  at  each  station  from  local  and  from  figure 

adjustments,  1880-81-82-83 — Continued. 

Moundy  Effingham  County,  Illinois.    June  27  to  July  30,  1883.     30-centimetre  theodolite,  No.  135. 
Telescope  above  ground  24*84  metres.     G.  A.  Fairfield  and  P.  W.  Perkins,  observers. 


Objects  observed. 

54 

Holtzhausen 

55 

Hartlin 

56 

Sturgess 

52 

Island  Creek 

53 

Lucas 

Resulting  direc^ 

lions  from  station 

adjustment. 

Approxi- 
mate prob- 
able error. 

Corrections 

from  base-net 

and  figure 

adjustment. 

Pinal 
seconds  in 
triangula- 

tion. 

0.       ^ 

ff 

±o-io 

ff 
—0-24 

ff 

0     00 

5976 

31     44 

04-62 

0'l6 

+0-37 

04  99 

78     15 

13-84 

0-17 

—0-25 

13  59 

277     13 

07  08 

o-i8 

— 0*04 

07-04 

309    09 

0876 

0*2I 

-i-o  -17 

08-93 

Probable  error  of  a  single  observation  of  a  direction  (/?.  and  ^.)  =  ±  I'^'orj, 

Lucas,  Effingham  County,  Illinois.     August  26  to  September  3,  1883.     30-centimetre  theodolite.  No. 
135-    Telescope  above  ground  23*32  metres.     G.  A.  Fairfield  and  P.  W.  Perkins,  observers. 


57 

Holtzhausen 

58 

Mound 

59 

Island  Creek 

60 

Newton 

61 

Denver 

0 

00 

ff 

00 -oo 

ff 

=fcoi4 

ff 
— o-i6 

ff 

0 

59  84 

59 

51 

33-87 

o-i8 

-fo-io 

33 '97 

148 

08 

01  -22 

0-20 

+0-52 

01-74 

217 

04 

41-30 

0-15 

—0*70 

40*60 

257 

34 

15-15 

0-14 

+0-25 

15-40 

Probable  error  of  a  single  observation  of  a  direction  (/?.  and  ^. )  =  ±o''*96. 

Island  Creek,  Jasper  County,  Illinois.     September  9  to  September  25, 1883.    30-centimetre  theodolite, 
No.  135.     Telescope  above  ground  24*84  metres.     G.  A.  Fairfield  and  F.  W.  Perkins,  observers. 


63 

Newton 

64 

Denver 

65 

Lucas 

66 

Mound 

62 

Hunt  City 

0 

00 

ff 

00 'OO 

ff 
=ho*09 

ff 
—0*36 

ff 

0 

59*64 

20 

39 

49*53 

0*20 

-ho  25 

49-78 

61 

23 

49*69 

0*15 

+0*13 

49*82 

121 

II 

22  'OI 

0-18 

— o*i6 

21-85 

315 

08 

57*40 

o-i6 

-fo-14 

57*54 

Probable  error  of  a  single  observation  of  a  direction  (/?.  and  ^. )  :=  dr  0^^*99. 

Newton,  Jasper  County,  Illinois.     October  3  to  October  16,  1883.    30-centimetre  theodolite,  No.  135. 

Telescope  above  ground,  12*65  metres.     G.  A.  Fairfield,  observer. 


70 
71 


Objects  observed. 


Denver 
Lucas 

Island  Creek 
Hunt  City 
Claremont 


r.__^^,-__-  Corrections 
Resulting  direo-        Approxi-     V^^^^     from  base- 
tions  from  station     mate  prob-    i*^™  j;„^* 

oHS»atm»ti*  <iK1»«i-mt-        nei  aOJUSl- 


adjustment. 

o  f  ff 

o  00  00*00 

79  44  13*01 

129  23  4569 

205  20  35*47 

307  38  00*83 


able  error. 

ff 
drO*IO 
0*26 
0*18 
0*18 
0*15 

Mean 


ment. 
ff 
—0*13 


net  and 
figure  ad- 
justment. 

ff 


Pinal 

seconds  in 

triangula- 

tion. 

ff 


—0*07 
—0*69 


+0-46 
—0*32 


5987 
12*94 

45 'OO 

35*93 
00-51 


0*00 


Probable  error  of  a  single  observation  of  a  direction  (Z?.  and  ^.)  =  d:  I'^'oo. 


440 


UNITED  STATES  COAST  AND  GEODETIC  SURVEY. 


(d)  Abstract  of  resulting  horizontal  directions  at  each  station  from  local  and  front  figure 

adjustments,  i8So-8iS2-^j — Continued. 

Denver y  Richland  County,  Illinois.  November,  1879.  35-centimetre  theodolite,  Troughton  and  Simms, 
No.  3.  R.  S.  Woodward,  observer,  United  States  Lake  Survey.  November  12  to  December  2, 1883. 
30-centimetre  theodolite,  No.  135.  Telescope  above  ground  in  1879  and  1883,  23*16  metres.  G.  A. 
Fairfield,  observer. 


Objects  observed. 

Newton 

Onion  Hill 

Buffalo  Mound 

Olney  West  Base 

Claremont 

Parkersburg 

67 

Holtzhausen 

68 

Lucas 

69 

Island  Creek 

Resulting  direc- 
tions from  station 
adjustment. 

Approxi- 
mate prob- 
able error. 

\.urrccuona 

from  base- 
net  adjust- 
ment. 

from  base- 
net  and 
figure  ad- 
justment 

rinai 
seconds  in 
triangula- 

tion. 

0         / 

ff 

// 

// 

ff 

ff 

0     00 

OQ'QO 

=h0*09 

-fo*7o 

00*70 

19    57 

16*27 

-fo*09 

16*36 

29    06 

41  "03 

— o*i6 

40*87 

30    07 

07-33 

—0*19 

07*14 

80    43 

13  71 

0*18 

-o*44 

13  27 

129    20 

12 -16 

260    42 

27*11 

o*i8 

+0*03 

27*14 

300    13 

46*61 

o*i8 

+0*94 

47*55 

330    03 

35  36 

o*i6 

—0*24 

35  12 

Mean  o  *oo 

Probable  error  of  a  single  observation  of  a  direction  (/?.  and  -^.)  =  it  i^'*oi  in  1883. 

Hunt  Cityy  Jasper  County, Illinois.  October,  1879.  35-centimetre  theodolite,  Troughton  and  Simms, 
No.  3.  R.  S.  Woodward,  observer,  United  States  Lake  Survey.  September  5  to  September  7, 18S4. 
30-centimetre  theodolite,  No.  107.  Telescope  above  ground  in  1879  and  1884  23*32  metres. 
G.  A.  Fairfield,  observer. 


72 


Belle  Air 
Honey  Creek 
Oblong 
Claremont 
Buffalo  Mound 
Newton 
Island  Creek 
Casey 


0 

/ 

ff 

ff 

ff 

0 

00 

00*00 

±0*16 

74 

41 

37  75 

0*20 

75 

44 

47*03 

H-0*I2 

131 

01 

27*19 

0*27 

—0*07 

145 

05 

08*91 

—0*12 

173 

22 

02  *i9 

0*19 

4-0*07 

232 

34 

09*67 

023 

313 

18 

25*33 

// 


// 


-fo*8o 


47*15 
27*12 

08 -79 

02*26 

10*47 


No. 

I 

0 

2 

0 

3 

0 

4 

0 

5 

0 

6 

0 

7 

0 

Mean  o  *oo 

Probable  error  of  a  single  observation  of  a  direction  {D.  and  ^.)  =  di  1^^*25  in  1884. 

(r)  Figure  adjustment. 
Observation  equations. 

=  ^1*14+    (I)-    (3)-    (6)-+-    (7) 

=  ~I*22-f     (2)-     (5)-(l2)-f  (13) 

=  -+-0-84-  (2)4-  (3)-  (7)-f  (9) 
=  4-1-49-  (4)-f  (5)-(i3)-f  (14) 
=  +  172-  (9) -h  (10)  4- (II) -(15) 
=  -1-57 -(14) +  (15) -(18) -(19) 
=  -i-54--    (S)^  (ID) -(18) -^(20) 


(II)  4- (12) 
(19)4- (21) 
(22) +  (23) 
(23)  ^  (24) 
(22)-r  (24) 


TRANSCONTINENTAL  TRI ANGULATION — PART  III — TRI ANGULATION.      44 1 

(c)  Figure  adjustment — Continued. 
Observation  equations — Completed. 

-o-io-  (17)  -h  (18)  -  (24)  +  (26)  --  (27)  -h  (28) 
-0-85-  (16)  +  (18)  -  (24)  +  (25)  -  (35)  +  (36) 
4- 0-25-  (16)  +  (17)  -  (28)  -f  (29)  -  (34)  -f  (36) 

-  1-23  -  (29)  +  (30)  ~  (32)  +  (34)  -  (45)  +  (46) 
+  0-2I  -  (29)  +  (31)  -  (33)  +  (34)  -  (37)  4-  (38) 
-f  1-58-  (30)  -f  (31)  -  (37)  -f  (39)  -  (44)  -f  (45) 
+  0-41  -  (39)  4  (41)  -  (43)  +  (44)  -  (47)  +  (48) 
+  0-49  -  (39)  +  (40)  -  (42)  -f  (44)  -  (55)  -^  (56) 
-f  O-04  -  (42)  +  (43)  -  (48)  +  (49)  -  (54)  -h  (56) 
-0-35  -  (49)  -h  (50)  -  (53)  +  (54)  -  (57)  +  (58) 

-  0-34  -  (52)  -f  (53)  -  (58)  -h  (59)  -  (65)  +  (66) 
-f  o-i7~  (50)  +  (51)  +  (57)  -  (61)  -  (67)  +  (68) 
+  1-34-  (59)  +  (60)  -  (63)  -h  (65)  -  (70)  -f  (71) 

:  +  o-o6-  (60)  +  (61)  -  (68)  -h  (70) 
:  -  o-i6  -  (63)  -f  (64)  -  (69)  +  (71) 
-o*99-  (62)  +  (63)  -  (71)  -f  (72) 
:  +  2*3   +  2-i8  (i)  -f  o-io  (5)  -t-  3-36  (6)  -  3'30  (7)  — o-o6  (9)  +  2-30  (11)  —  5*64  (12) 

+  3*34(13) 
^- 6-1+ 3-22(2) -2-03  (3) -3-58  (4) +  3-68  (5) +0-06(7) +2-64  (9) -2  70  (10) -0-87  (18) 

H-  178  (19)  -  0*91  (21 )  -  4*36  (22)  -f  8-69  (23)  -  4-33  (24) 
:  —  8-8  -  13-25  (8)  +  15-95  (9)  —  2-70  ( 10)  -  0-87  ( 18)  4-  9'59  ( 19)  —  8*72  (20)  -  4-36  (22) 

+■8-69(23) -4-33  (24) 
:  —  0-6-  1-38  (16)  -  7-41  (17)  ~  6-03  (18)  +0-49  (24)  +  1-87  (25)  -  2-36  (26)  -6-39  (34) 

+  7-36(35) -0*97(36) 
:  -  o-i  -  2-51  (29)  +  4-66  (30)  -  2-15  (31)  —  2-67  (32)  +  2-6i  (33)  +  0-06  (34)  -  0-48  (37) 

+  3-09  (38)  -  2-6i  (39) 
:  —4-0  +  0-08  (39)  +  2-13  (40)  -  2-21  (41)  -  1-76  (42)  +  4*68  (43)  —  2-92  (44)  -  2-97  (54) 

+  3-41(55) -0-44(56) 
:  -  10-3  -  0-80  (49)  +  3*49  (50)  -  2-69  (51)  -  3-38  (52)  +  5-09  (53)  -  1-71  (54)  -  2-45  (64) 

+  3-67  (65)  -  1-22  (66)  -  2-55  (67)  +  6-22  (68)  -  3-67  (69) 
:  + 2-5  -0-81  (59)  +3-28  (60)  -  2-47  (61)  -4-43  (63)  +  5-58  (64)  -  I-I5  (65)  -  1-22  (68) 

+  3-66(69) 
:  +  4-6  -2-12  (62)  +  770  (63)  -  5-58  (64)  -  3*66  (69)  -  1-25  (72) 

: -0-3 +  1-19(2)  -3-58  (4)  +3-58(5)  +3-34  (12)  -3-34  (13)  -0-13  (14)  +0-13(15) 

- 1-38  (16)  + 1-38  (17)  +  0-91  (19)  -0-91  (21)  +  4-33  (23)  -3-84  (24)  -0-49  (26)  + 1-33  (27) 

~  1-33  (28)  -  2-15  (30)  +  2-15  (31)  +0-06  (32)  +0-91  (34)  -0-97  (36)  +  0-48  (37)  -0-40  (39) 
-o-o8  (41)  -  176  (42)  +  176  (43)  + 1-87  (45)  -  1-87  (46)  +  1-65  (47)  -  1-65  (48)  -0-80  (49) 
+  0-80(50)  -3-38(52)  +3-38(53)  +0-44(54)  -0-44(56)  +  1-22(57)-  1-22(58)  -o-8i  (59) 

+  0-8I  (60)  —2-12  (62)  +(2-I2  (63)  +  1-22  (65)  —  1-22  (66)  +  1-79  (70)  —  1-79(70  —  1*25  (72) 


No. 

8 

0 

9 

0 

10 

0 

II 

0 

12 

0 

13 

0 

14 

0 

15 

0 

16 

0 

17 

0 

18 

0 

19 

0 

20 

0 

21 

0 

22 

0 

23 

0 

24 

0 

25 

0 

26 

0 

27 

0 

28 

0 

29 

0 

30 

0 

31 

i  0 

32 

0 

33 

0 
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(f)  Figure  adjustment — Continued. 

Correlate  equations. 

(i)=-f.C,  +  2-:8C^ 

(2)  =4-0,-03  + 3-220,5 -+-ri9C33 

(3)  =  -Cx  + 03-2-030,5 

(4)  =  -04 -3-580,5 -3-58033 

(5)  =  - 0.  +  O4  +  o-ioO„  +  3-680,5 -f- 3-58033 

(6)  =-0,-h  3-360,4 

(7)  =  4- 0,  -  O3  -  3-300,4 +0-060,5 

(8)  =  -07 -13-250,6 

(9)  =  +  O3  -  O5  -  0-060,4  -  2-640,5  + 15-950*$ 

10)  =  +  O5  +  O7  -  2-700,5  -  2-700,6 

11)  =  -03  +  05  +  2-300,4 

12)  =  - 0, + O3  -  5-640,4 -- 3-34O33 

13)  =  + c,  -  C4 + 3-340,4  ~  3-34O33 

14)  =  +  04-06-0-13033 
i5)  =  -Os  +  06  +  o-i3033 

16)  =  -  0,  -  0,0  - 1 -380,,  -  I -38O33 

17)  =  -08  + 0,0  +  7-410,7 

18)  =  -  Oft  -  O7  +  Oe  +  O9  -  0-870,5  -  0-870,6  -  6-030,7 
i9)  =  -04  +  06+r780,5  +  9-59Cii6-ho-9i033 

20)  =  +  07 -8-720,6 

21)  =  +  04-0-910,5  — 0-91033 

22)=-05-07-  4360,5  -  4-360,6 

23)  =  -f  C5  -  06  -h  8-690,5  +  8-690,6  +  4-33C33 

24)  =  +  06  +  O7  -  Og  -  C9  -  4-33C.S  -  4-33Crt  +  0-490:^  -  3*84033 

25)  =  +  0^  +  1-870,7 

26)  =  +  Oe  -  2-360,7  -  0-49O33 

27)  =-08+ 1-33033 

28)  =  +  08 -0,0 -1-33033 
29)=  + 0,0-0,, -0„-2-5iOrf 

30)  =  +  0„- 0,3 +  4-660,8-  2-15033 
I3O  =  +  0„+  0,3  —  2-i50rf  —  215O33 
32)  =  —  0„  -  2-670^  +  0-06O33 
33)=  — 0„  +  2-6iOrf 

34)  =  -  0,0  +  0„  +  0„  -  6-390,7  -^  o-o60rf  +  0-91033 

35)  =  -09  + 7-360,7 

36)  =  +  O9  +  0,0  -0970,7  -  0-97O33 

37)  =  -  0„  -  0,3  -  0-480,8  +  0-48O33 
;38)=  +  0„  + 3-090,8 

39)  =  +  0,3  -  0,4  -  0,5  -  2-610,8  +  0-080,9  -o-4oCj3 

40)  =  +  0,5  + 2-130,9 

41  )  =  + 0,4  —  2*210,9  —  0-08033 

;42)  =  -o,5-o,6— 1-760,9— 1-76033 

43)  =  -Ou+  0,6  +  4-680,9+  I -76O33 
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(^)  Figure  adjustment — Continued. 
Correlate  equations — Completed. 


(44 
(45 
(46 

(47 
(48 

(49 
(50 

(51 
(52 

(53 
(54 
(55 
(56 
(57 
(58 

(59 
(60 

(61 

(62 

(63 
(64 

(65 
(66 

(67 
(68 

(69 
(70 

(71 
(72 


=  -  Cx3  +  Cm  +  Cx5  -  2-92Ca9 

=  -C„  +  C,3+r87C33 

=  +  Cx,-r87C33 

=  -Cx4  +  i-65C33 

=  +  Cx4-C,6-r65C33 

=  -h  Ci6  —  C,7  —  o-SoCjo  —  o-8oC33 

=  +  C,7  -  C,g  -f  3-49C30  -h  0-80C33 

=  +  Cx9-2'69C3. 

=  -  Cx8  -  3'38C3o  -  3-38C33 

=  -  Cx7  +  Cxa  +  5-09C30  +  3'38C33 

=  -  Cx6  +  Cx7  -  2-97Ca9  -  I  ^iCjo  +  0-44C33 

=  -Cx5  +  3*4iCi9 

=  +  C,5  +  Cx6  -  o-44C^  -  0-44C33 

=  -Cx7  +  Cx9+I-22C33 
=  -f  Cx7-Cx8-I-22C33 

= -f- C,8  —  C„  —  o-SiCjx  —  o-8iC33 

=  -f  C«  -  Cax  4-  3'28C3x  +  0'8lC33 

=  —  Ci9  -f"  Cai  —  2*47C3i 

=  — C,3  — 2I2C3,-2I2C33 

=  —  Cao  —  C«,+  C„  —  4*43C3i  -h  77oC3,4-  2-I2C33 

=  +  C«  -  2-45C30  4-  5-58C3X  -  5-58C3a 

=  -Cx8+  C«  +  3-67C3o-  ri5C3x-h  r22C33 

= -f  C18  —  I  •22C30  —  I  •22C33 

=  -Cx9-2-55C3o 

=  +  Cx9  -  Cax  +  6-22C30  -  I-22C3, 

=  -  C«  -  3-67C30  +  3-66C3X  -  3*66C3. 

=  -C«  +  Cax+I79C33 

=  +  Cao -f  Caa  -  Ca3  -  I79C33 
=  +  Ca3  -  I  •25C3a  -  r  25C33 
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+1 

•14 

—I 

•22 

-fo-84 

-hi 

•49 

4-1 

72 

—  I 

•57 

+1 

•54 

— o 

•lo 

— o 

•85 

+  1-58 

-fo-41 

o=-fo  '49 

-fo-o4 

-o*35 

-o*34 
-fo-i7 

-hi'34 
-f-o-o6 

—o'i6 

— 099 

+  2*3 

-6-1 
-8-8 


(c)  Figure  adjustment — Continued. 
Normal  equations. 


Cx 

c 

c. 

C4 

C5 

c. 

c, 

c, 

c» 

Co 

C.. 

c„ 

c, 

Cu 

o=+i  -14 

4-4 

—a 

• 

—  I  '22 

+4 

—2 

—2 

4-0-84 

+6 

—2 

-hi -49 

+6 

—2 

4-1-72 
-1-57 

•  •  ■ 

■  ■   • 

•     •     • 

•     •     • 

+6 

—2 

+6 

•     •     * 

—2 

•   •  • 

—2 

•     •     • 

•      •      ■ 

•  •  • 

•     •     • 

■      ■      • 

+  1*54 

+6 

—2 

—2 

— O'lO 

4-6 

+2 

—2 

-0-85 

+6 

+2 

4-0-25 

•  ■  • 

•  •  • 

•     •     • 

•     *     • 

■     •     ■ 

•  •  • 

•     •     • 

•  •  • 

•   •   • 

+6 

—2 

—2 

•     ■     • 

•      •      • 

—  1-23 

•  +6 

+2 

—2 

4-0 -21 

+6 

+2 

4-1-58 

+6 

—  2 

4-0-41 

4-6 

IS 


'Z6 


-17 


Normal  equations — Continued. 

L.18  V.X9  i-ao  ^ax  ^aa  v-aj 


'•4 


c^ 


-4-48 

4-8-88 
-470 

-3  "24 

4-2*36 


4-2-09 

—  0-46 
--  2-67 

4-  4-57 
+  7*71 

-10-37 

—  I -So 

4-  3 '46 

4-  3-46 


4-15  •95' 

—  9  59 

—  5'6o 

—  2-56 
-h  2*73 
4-  3^46 
4-  3  46 


—2 
4-2 
.■f6 


—2 
4-2 
+6 


•  •  •  • 


•  •  •  ■ 


—2 

+6 


—2      —2 

+6  -2 

+6 

+6 


•     •  •     • 


—2     • 

—  2        -f2 

4-4 

4-4 


—2 

—2 
4-4 


•  •  • 


•  •  • 


4-75-20    4-    o-oi    —    0*96 
—     4-173*14    4-180-50 

4-719-29 
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(c)  Figure  adjustment — Continued. 
Normal  equations — Completed. 

Ca7  V^  VJag  v-jo  V^ji 


-33 


+  I -14 

—    I  '22 

9-07 

-f   0-84 

■ 

+ 

2-15 

+  1*49 

+ 

8-55 

-f  172 

•  •  •  • 

•    •    ■    • 

•  •  »  ■ 

•      •      •      • 

•    •   •   • 

•  •  •  • 

+ 

4*20 

-  1*57 

4-  6-52 

— 

7  -oo 

-i-  1*54    1 

4-  6  52 

— 

3-84 

—    O'lO 

—  16-29 

— 

0*69 

-  0-85 

—  II  '60 

+ 

4-25 

+  0-25 

-hi4*2i 

-2*57 

•  •  •  • 

•      •      •     • 

•    •   •    • 

•  •  •  • 

4- 

2  -21 

-  1-23 

-  6*39 

4-9  90 

5-04 

4-   0-2I 

-  6-39 

4- 1  -38 

+ 

2-58 

4-  1-58 

-8-94 

4-3 'oo 

+ 

5-29 

+  0-41 

4-2-61 

-989 

— 

4*74 

-f  0-49. 

•   •  «  • 

+2  61 

—2-96 

•       •       •       ■ 

•    •    ■    • 

■   ■   ■  • 

+ 

I  72 

4-0*04 

+8-97 

4-0-91 

+ 

3-49 

0-35 

-2  "97 

-2-51 

— 

378 

-  0-34 

4-3-58 

4-0-34 

-- 

4*73 

4-  0-I7 

4-2-59 

4-1-25 

-- 

0*42 

4-  I  "34 

•   •  •  ■ 

•  ■  •  ■ 

•  •  •  • 

4  3  67 

+7-37 

7-70 

2-86 

--  o-o6 

—6*22 

4*53 

4- 

0-98 

—  o-i6 

4-1  -22 

4-6-35 

—9-62 

3-91 

099 

1 

-4-43 

4-8-57 

1 

4-78 

4-  2*3 

29-64 

61 

!       4-3-12 

•   •  •  ■ 

■  •  •  ■ 

•    •    •    • 

•   •  •  • 

•   •  •   • 

86-53 

8-8 

;          4-     3 '12 

+ 

62  98 

o=—  o*6 

!       4-198-42 

-  0  -38 

4- 

6-53 

—    O'l 

+63-17 

—    0'2I 

~ 

13-93 

-  4-0 

4-63-60 

4-5-08 

__ 

10-37 

—10-3 

•    •    •    • 

•  •  •  • 

•       ■       •       k 

4-139-93 

-38  -91 

4-  27  'lo 

4- 

37-27 

4-2-5 

4-84-48 

-  78-64 

— 

7-48 

4-  4-6 

• 

+109-88 

1 

-t 

22  38 

0-3 

+ 

170-92 
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Resulting  values  of  correlates. 


Cx 

=—0*690  6 

c„= 

-TO 

dao 

7 

Ca3=+0  -452 

I 

c. 

=+0*310  8 

Cx3= 

— 0 

•453  5 

Ca4=-0 

•137 

6 

C3 

=—0*429  2 

Cm= 

— 0 

•070  4 

C2s=+o-o7o  7 

C4 

=—0*130  3 

Cx5= 

— 0 

•077 

2 

C,6-+0 

-002 

I 

Cs 

=    0  -255  4 

C.6- 

— 0 

•142 

0 

C,7-+o 

•031 

2 

Qs 

=+0  -364  8 

C,7- 

— 0 

•023 

2 

Cae=-o 

*o89 

7 

C7 

=— 0  -236  7 

C,8= 

— 0 

•105 

7 

C^=+o 

•085 

9 

Cs 

=—0-070  6 

^9= 

— 0 

*I72 

7 

C3o=+0 

•057 

2 

C9 

=4-0  -304  8 

Cao= 

— 0 

429 

2 

C3i  =  -0 

*226 

0 

. 

Co 

=—0-209  4 

Ca.= 

— 0 

•479  9 

C3a=-0 

•265 

6 

c„ 

=-f  0  -134  7 

c«= 

-^0 

•171 

I 

C33=-0 

-012 

34 

Corrections  to 

angular 

directions. 

tf 

i 

V 

// 

// 

(i: 

)=-o  -991 

(19)= 

+  0 

•630 

{37. 

)  = +0-430 

(55, 

)  =+0-370 

(2. 

) — ho  '953 

(20)_ 

— 0 

•253 

(38; 

)  —  — 0*216 

(56: 

)  =  — 0  -252 

(3; 

)— -rO'iiS 

(21)- 

— 0 

•183 

(39; 

|  =  — 0-061 

(57: 

)=— 0-165 

(4: 

i=— 0*079 

(")  = 

+  0 

•175 

(40; 

)  — +0-106 

(58: 

)  =+0-098 

(5: 

)=— 0-239 

(23)  = 

—  0 

-041 

(41; 

)  = -0-259 

(59: 

)=+o-5i6 

(6: 

|  =  -|-0-229 

(24)  = 

— 0 

•359 

(42; 

1  =+0-090 

(60: 

1  —  —o-yco 

(7; 

)=-j-oi96 

(25)  = 

+0  -363 

(43; 

1  =+0-308 

« 

(61: 

)=+o-25r 

(s; 

1 [-0*209 

(26)- 

— 0 

•139 

(44: 

>  = +0-055 

(62: 

l=+o-i37 

(9; 

1= +0-054 

(27)- 

+  0 

•055 

(45: 

)      -o-6ii 

(63; 

)=— 0360 

(10; 

)= -0-689 

(28) 

+0 

■154 

(46; 

>-+o-i58 

(64; 

|=i-o-252 

(»: 

)=~o-i42 

(29)- 

—  0 

-180 

(47; 

)—- 1  0050 

(65; 

l=+o-i32 

("] 

)=— 0-005 

(30) 

+  0 

•196 

(48; 

(—+0-092 

(66; 

|=— o-i6i 

(13; 

)—-f  0-022 

(31) 

—  0 

•225 

(49; 

1=    0*155 

(67; 

(=+0-026 

(14: 

)— 0-493 

(32)  = 

+  0 

-103 

(50; 

(  =+0*340 

(68! 

»=+o*939 

(is; 

)=  ro-6i8 

(33)  = 

—  0 

■295 

(51; 

(=    0*327 

(69] 

(=-0-236 

(16; 

>=-o-i22 

(34)- 

+0 

-190 

(52; 

1=    0-045 

(70; 

>=-o-073 

(17; 

(=+0-076 

(35)  = 

—  0 

•075 

(53: 

)  =  +o-i66 

(71; 

(—    0-688 

(18) 

►—0*146 

(36)= 

+0 

-078 

(54; 

(—0-239 

(72; 

(=-4-0-799 

No.  Stations. 

'  Turkey  Hill 
I  I   Dreyer 

Clarks  Mound 


Berger 
2  <  Turkey  Hill 
Clarks  Mound 


(d)  Adjusted  triangles,  Illinois, 


Observed  angles. 

o  /  // 

32    03     18  04 

43    57    54-40 

103    58    49  "34 

01  -78 
42  21  47  -32 
91  41  37  '61 
45    56    36-83 

01  -76 


Correc  ^P^f "  ^P^f 

tion        ^  ^ 

'    angles,  excess. 

//  //  // 

—0-03     1801     0-21 

— o'99    53*41     0-21 

— 0*I2      49*22      0-22 


Log  5. 


Distances 
in  metres. 


0*64 
+0*14  47*46  0*31 
-0*14  37*47  0-30 
—0-84    35-99    0-31 

0-92 


4-149  726  7  14  116*49 

4  *266  345  9  18  464  -86 

4 -411  792  5  25  810*27 

4  *266  345  9  18  464  '86 

4  437  608  I  27  391 *oi 

4  294  316  o  19  693  -19 
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(flf)  Adjusted  triangles^  Illinois — Continued. 


STo. 

Stations. 

Observed  angles. 

Correc- 
tion. 

Spher- 
ical 
angles. 

Spher- 
ical 
excess. 

Log  5. 

Distances 
in  metres. 

0 

/ 

// 

ff 

ff 

ff 

Berger 

32 

10 

52-31 

-1-0 -03 

52*34 

030 

4*164 

534  3 

14  606-10 

3 

Clarks  Mound 

60 

38 

27-82 

+0*95 

28*77 

030 

4  '378  436  0 

23  902  -10 

Sugar  Loaf  Mound 

87 

10 

39*54 
59*67 

+0*24 

39  -78 

029 
0*89 

4*437 

608  0 

27  391  '01 

Parkinson 

13 

34 

53*38 

~o-88 

52-50 

0*09 

4-294  316  0 

19  693  -19 

4 

Berger 

157 

23 

08  85 

-0*35 

08-50 

0*08 

4*508 

500  2 

32  247  -81 

.  Turkey  Hill 

9 

01 

59*41 

— o-i6 

59*25 

0*08 



4*119  488  0 

13  167*04 

01  -64 

•0-25 

t 

f  Parkinson 

66 

45 

0636 

-o*8i 

05*55 

0-26 

4  '378  436  0 

23  902  "lO 

5 

Berger 

82 

50 

29*22 

—0*52 

28-70 

0*26 

4*411 

815  7 

25  811  -64 

Sugar  Loaf  Mound 

30 

24 

26*70 
02  28 

— o-i6 

26*54 

027 
0  79 

4*119 

488  I 

13  167*04 

Geoffrey 

25 

48 

20*26 

—0-22 

20-04 

0-41 

4  *294  316  0 

19  693  19 

6 

Turkey  Hill 

37 

59 

37*77 

-0-74 

37*03 

042 

4*444 

7895 

27  84771 

Berger 

116 

12 

04  94 

—0*76 

04*18 

0-42 
I  25 

4  608 

424  2 

40  590*48 

02  '97 

Geoffrey 

51 

44 

18*93 

-0*53 

18-40 

0-81 

4  508 

500  2 

32  247*81 

7 

Turkey  Hill 

47 

01 

37*18 

—0-90 

36*28 

0-81 

4-477 

840  4 

30  049  *72 

Parkinson 

81 

14 

07*86 
03*97 

—  O'll 

07*75 

o-8i 
2*43 

4 -608 

424  2 

40  590  -48 

Geoffrey 

25 

55 

58*67 

-0*32 

58*35 

0*31 

4-119 

488  0 

13  167*04 

8 

Berger 

86 

24 

46*21 

-fi  -11 

47*32 

0*31 

4 '477 

840  5 

30  049  -72 

Parkinson 

67 

39 

14-48 
59*36 

40-78 

15 '26 

0-31 
0*93 

4 '444 

7896 

27  847  *72 

Hoile 

49 

13 

19*25 

-fo-15 

19-40 

0-80 

4*477 

840  4 

30  049  72 

9 

Geoffrey 

54 

38 

13*75 

+072 

14*47 

0-80 

4-510 

030  I 

32  361  -61 

Parkinson 

76 

08 

28*55 
01*55 

—0-02 

28  *53 

080 
2  40 

4-585 

773  7 

38  527  *75 

Bording 

57 

38 

09-67 

-fo-io 

09-77 

0-29 

4-477 

840  4 

30  049  72 

0  - 

Geoffrey 

103 

05 

33  •61 

+0-22 

33*83 

029 

4  -539  717  6 

34  651 -14 

Parkinson 

19 

16 

17*49 

— 0-22 

17*27 

0*29 

4  -069  726  9 

II  741*59 

00-77 

0-87 

ft 

Bording 

115 

35 

28-24 

—0-24 

28*00 

0-29 

4  -585  773  7 

38  527  -75 

I 

Geoffrey 

48 

27 

19-86 

-0*50 

19*36 

0*29 

4-504  771  4 

31  972*12 

.  Hoile 

15 

57 

13*76 

—  0*26 

13*50 

0-28 
0-86 

4*069  726  8 

II  741  -59 

OI-86 
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(flf)  Adjusted  triangles,  Illinois — ^Continued. 


No. 


12    < 


14 


19 


20 


Stations. 


Bording 

Parkinson 

Hoile 


Hartlin 
13  \   Bording 
Hoile 


Sturgess 

Hartlin 

Bording 


Sturgess 
15  {   Hartlin 
Hoile 


Sturgess 
16  {   Bording 
Hoile 


Holtzhausen 

17  \   Hartlin 
Sturgess 

Mound 

18  \   Holtzhausen 
Hartlin 


Mound 

Holtzhausen 

Sturgess 

• 

Mound 
Hartlin 
Sturgess 


Observed  angles. 

o       /  // 

57    57     18-57 
56    52     II -06 

65     10    33  'oi 


02*64 

42  51  36*65 
84  26  18*14 
52    42    08  *44 


03*23 
58  26  58*84 
77  09  61  '09 
44    23    04*49 


106 
34 
38 


04*42 
47  04  'So 
i8  24  '44 
54  32-96 


02  *20 
48  20  05  -96 
40  03  13*65 
91   36   41  -40 


01  "OI 

51  54  13*23 
92  15  50  *8i 

35  49  58*15 


02  •19 

31  44  04  -62 

103  36  04*93 

44  39  52-13 


01  -68 
78  15  13  -84 

51  41  51  -70 
50  02  56  87 


02  -41 

46   31   09  '22 

47  35  58-68 
85  52  55  -02 

02  *92 


Correc-  ^pher-  Spher- 
*!«_         ical         'cal 

t***"^-    angles,  excess. 

//  //  // 

— o  *34     18  -23  o  '80 

-fo  *20     II  *26  o  *8o 

— o'li     32*90  o*79 


2*39 
— o  '65    36  -oo     I  *oo 

— o  '05     18  '09     I  *OI 

-f-o  '49    08  *93     I  *oi 


3-02 
— o  *67  58  -17  o  95 
— o  *49  60  *6o  0*94 
— o  '42    04  *o7    o  '95 


2*84 
-f o  'lo  04  '90  0*68 
-fo*i6  24*60  0*69 
— o  '40    32  '56    o  '69 

2 -06 
-fo*77  06  "73  o*75 
4-0*37  14*02  o*75 
-fo*09    41*49    o*74 


2  '24 
-f  o  *o4  13  -27  o  '59 
— o  '20  50  *6i  o  '60 
—0*25    57*90    0-59 


1*78 
-f-o  *6i  05  -23  o  *57 
— o*2i  04*72  o'57 
—0*36    51*77    0-58 


1  '72 

— o  'OI  13  *83  o  *79 
—0*25  51*45  o*79 
-f-o  '22    57  '09    o  '79 


2*37 
—0*62    08  60    o*8i 

-fo-17    58*85    0*81 
— o  04    54  -98    o  -81 

2*43 


Log  J. 


4*510  030  I 
4  *504  771  4 

4  '539  717  5 

4*504  771  4 
4  '670  081  6 

4  -572  769  5 

4  '572  769  5 
4*631  253  3 
4*487  006  6 

4  '670  081  6 

4  '439  977  i 
4*487  006  6 

4  -504  771  4 

4  *439  977  o 
4*631  253  3 

4*487  006  6 

4  '590  707  7 
4  *358  513  5 

4*358  513  5 
4*625  186  2 
4  -484  464  3 


4  '590  707  7 
4*494  629  6 

4 -484  464  4 

4*487  006  6 
4  '494  629  4 
4*625  186  I 


Distances 
in  metres. 


32  361  -61 

31  972*12 

34  651  14 

31  972*12 
46  782  *3o 

37  391  *2i 

37  391  '21 
42  781  -24 
30  690*69 

46  782  *30 
27*540*84 

30  690*69 

31  972*12 
27  540  -83 
42  781  -24 

30  690  69 
38  967  -96 

22  830*40 

22  830*40 
42  187*74 

30  511*55 

'38  967  96 

31  234  14 
30  511*56 

30  690*69 

31  234*13 
42  187*73 
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(d)  Adjusted  triangles,  Illinois — Continued. 


No. 

Stations. 

Observed  angles. 

Correc- 
tion. 

Spher- 
ical 
angles. 

Spher- 
ical 
excess. 

Log  J. 

Distances 
in  metres. 

0 

f 

n 

ff 

n 

ff 

Lucas 

40 

29 

33-85 

+0-95 

34-80 

0-34 

4*242  702  7 

17  486-49 

21 

Newton 

79 

44 

13 'H 

—0-07 

13-07 

0-34 

4  -423  216  3 

26  498  -20 

Denver 

59 

46 

14  09 

-0-94 

13-15 

0-34 
I  -02 

4  -366  741  7 

23  267-07 

01  08 

• 

Lucas 

102 

25 

44-85 

—0-41 

44-44 

0*60 

4-623  100  2 

41  985  -58 

22 

Denver 

39 

31 

19-50 

+0-91 

20*41 

o-6o 

4-437  113  8 

27  359  -86 

Holtzhausen 

38 

02 

57*62 

—0*67 

56  95 

0-60 
1-80 

4  -423  216  3 

26  498  *20 

01-97 

Lucas 

59 

51 

33-87 

-fo-26 

34-13 

0-66 

4  -484  464  4 

30  5"  -56 

23 

Holtzhausen 

69 

17 

3^^-52 

+0-50 

37  02 

0-66 

4-518  550  3 

33  002  76 

Mound 

50 

50 

51-24 
01  -63 

—0-41 

50-83 

0-66 
I  -98 

4-437  "3  9 

27  359  -86 

r  Island  Creek 

44 

51 

02*60 

—0-50 

02-10 

0-41 

4  307  622  I 

20  305  89 

24 

Hunt  City 

59 

12 

07-41 

-1-0 -80 

08 '21 

0*41 

4  -393  256  I 

24  731  -82 

Newton 

75 

56 

50  24 

-fo-69 

50-93 

0*42 

1*24 

4  -446  078  0 

27  930  46 

00-25 

Island  Creek 

20 

39 

49-53 

-ro-6i 

50-14 

028 

4-242  702  7 

17  486  -49 

25 

Newton 

129 

23 

45-82 

—0*69 

45-13 

0*28 

4-583  126  I 

38  293  -59 

Denver 

29 

56 

25-34 

-1-0-24 

25   58 

0*29 
085 

4  -393  256  2 

24  731  -83 

00-69 

Island  Creek 

61 

23 

49-69 

-ro-49 

50-18 

037 

4  -366  741  7 

23  267-07 

26 

Newton 

49 

39 

32 -68 

—0-61 

32  07 

0-37 

4  -305  338  0 

20  199-38 

Lucas 

68 

56 

40-08 
02-45 

—  I  '22 

38-86 

0-37 
I  *ii 

4393  256  0 

24  731  -82 

Island  Creek 

40 

43 

60  16 

--0-I2 

60-04 

0-43 

4  -423  216  3 

26  498  -20 

27 

Denver 

29 

49 

4875 

—  I  -18 

47-57 

0*42 

4  -305  337  9 

20  199-37 

Lucas 

109 

26 

13-93 

—0-26 

13-67 

043 

4  -583  125  9 

38  293  -58 

/ 

02-84 

1-28 

Island  Creek 

59 

47 

32-32 

.      -0  -29 

32-03 

0-56 

4-518  550  3 

33  002  -76 

28 

Lucas 

88 

16 

27-35 

f  0-42 

27 -7Z 

0-57 

4-581  736  3 

38  17'  -25 

Mound 

3^ 

56 

01  -68 

-fO-2I 

01-89 

0-56 
I  -69 

4  305  337  9 

20  199  -37 

01-35 

18732 — No.  4— 
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{e)  The  precision  of  the  Illinois  series, 

A  proper  measure  of  the  precision  of  this  triangulation  may  be  had  by  considering 
it  in  three  parts  with  dividing  lines  Mound  to  Holtzhausen  and  Parkinson  to  Geoffrey, 
and  computing  the  probable  error  of  these  sides.  To  do  this,  we  start  from  the  side  of 
the  base  net  Hunt  City  to  Newton  and,  following  the  triangles  (as  already  used  in  the 
establishment  of  the  length  equation  between  the  base  nets),  compute  the  probable  error 
of  the  two  sides.  Next  we  repeat  the  same,  starting  from  the  opposite  base  net,  and  add 
for  each  line  its  respective  weights  to  obtain  its  resulting  probable  error. 

In  the  first  place,  we  have  for  the  mean  error  of  an  observed  angle  from  \yv\  =  8*88 
(as  found  from  the  72  values  of  v')  and  from  the  33  conditions — 


;2  X  8-88       ^     „. 

and  we  have  given  from  the  adjustments  of  the  base  nets: 

;//.        tn. 

Hunt  City  to  Newton  =  20  305  -89  rto  '07     j     Probable  error  =  j^^^ffoiy  part. 

Sugar  Loaf  Mound  to  Clarks  Mound  =  14  606  'lo  ±:0*19    i     Probable  error  =  7|f-\jj^j  part. 

We  also  have  for — 

Mound  to  Holtzhausen     log  s  =  4*484  46    and     (5,,  =  14-2  (units  of  sixth  place  of  logs.). 
Parkinson  to  Geoffrey     log  5  =  4477  84  ^^—\^-^ 

Then  for  the  probable  error  of  the  division  line  Mound  to  Holtzhausen: 
Proceeding  westward  with/(^,  B)^~  33 "6,  the  probable  error — 

dz 0*165  and  -'^^-?^-  X  007=  ±0*105 

20  306 

hence  probable  error  ±0*196  metre  and  p  =  26*0.     Similarly  proceeding  eastward  with 
/  {A,  B)=  jG's,  the  probable  error — 

d=  0*249  and  ^^-^^,  X  0*19  =  d=o*40 

14  606 

hence  probable  error  zfc  047 1  metre  and  /  =  4*5  and  after  addition  of  the  weights  the  prob- 

able  error  of  the  side  becomes  dz  o*  1 8 1  metre  and  -  =  1  g  ?^i» ^nr  part.     Likewise  we  have  for 

e 

the  probable  error  of  the  other  division  line  Parkinson  to  Geoffrey: 

Proceeding  westward  with  /  {A,  B)  —  57*1,  the  probable  error — 

zbo'2ii  and  ^  — -^    X  0*07  =  ±0*104 

20  306 


•An  abbreviation  for  ^  [*  5  "*"  *y|  *i?  "'"  *^] 
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hence   probable   error  dz  o' 235   and   p=iS'i.      Similarly   proceeding  eastward  with 
/  {A,B)  =  ^yo,  the  probable  error — 


0*203  and  ^    -  ^  X  o'lQ 

1 A     f\rkf\ 


14    606 


0*391 


hence  probable  error  zb  0441  and  /  =  5'  i ,  and  after  adding  the  weights  the  probable  error 
of  the  side  becomes  ±0*208  and     =  n^VTrir  P^^t. 

The  effect  on  the  triangulation  when  projected  on  the  thirty-ninth  parallel  becomes — 


Terminal  lines. 


Hunt  City  to  Newton,  and  Mound  to  Holtz 

hausen 
Mound  to  Holtzhausen  and  Parkinson  to        75 

Geoffrey 
Parkinson   to  Geoffrey,   and   Sugar   Loaf        43 

Mound  to  Clark's  Mound 


Distance. 

Probable 

errors. 

Average. 

Effect  on 
parts. 

km. 

m. 

«oltz- 

56 

^^^ffffO 

T^ir^offif 

21  f^iJTJff 

-^-o"26 

K>n  to 

73 

i«7^ff(5(r 

TTl^OOTT 

ISS^TyTJTT 

^0-47 

Loaf 

43 
17^ 

TTr^jfffff 

75    TiOa 

Total 

rto-43 

Sum 

±1  -16 

6.    THE   MISSOURI   SERIES   OF   TRIANGLES,    1873-74,    1878-79. 

(a)  Ijitrodiictio7i. 

The  measures  of  the  horizontal  directions  of  the  triangulation  connecting  the  Ameri- 
can Bottom  Base  Net  near  St.  Louis,  Mi.ssouri,  with  the  Versailles  Base  Net,  Missouri, 
a- distance  of  195  kilometres,  or  about  121  statute  miles,  were  made  by  three  observers 
at  different  times  between  the  years  1873  and  1879.  It  is  here  that  the  least  width  of 
the  belt  of  triangulation  between  the  eastern  and  western  coasts  occurs.  This  is  due  to 
the  general  flatness  of  the  country  and  the  desire  to  strengthen  the  connection  by  quad- 
rilaterals or  other  complex  figures,  though  in  one  case  (the  only  instance  in  the  whole 
arc)  the  distances  and  angles  had  to  be  carried  forward  across  a  single  but  well  shaped 
triangle.  The  average  length  of  sides  is  20*6  kilometres  or  12  "8  statute  miles.  Between 
the  two  base  nets  there  is  a  gradual  ascent  of  the  ground  from  about  450  feet  near  St. 
Louis  to  somewhat  over  i  000  feet  near  Versailles.  The  country  is  for  the  most  part 
under  cultivation,  and  sufficiently  timbered  to  offer  obstacles  to  the  triangulation.  The 
observers,  C.  H.  Van  Orden,  C.  H.  Boyd,  and  H.  W.  Blair,  had  about  equal  shares  in 
the  measures.  The  theodolite  was  generally  mounted  on  scaflFolds  of  no  great  height, 
about  10  metres,  more  or  less. 
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No.  31. 


TveAaybunt 


HcmpikeBlu/r 


yarOt^ 


ChriBtiocrt 


Poit/or90ft 


Xyneh, 


elsTie 

eallea^cLsellfet 
uiicpoii  Lixies) 


Statute  Mies 


Si^H^aiivb 
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(^)  Abstracts  of  resulting  horizontal  directions  at  ea^h  station  from  local  and  from  figure 

adjustments,  18JJ-74,  1878-79. 

*  nsane  Asylum,  St.  Louis  County,  Missouri.  November  8  to  November  10, 187 1.  30-centimetre  theodo. 
lite,  No.  14.  W.  Eimbeck,  observer:  October  2  to  October  12, 1872.  25-centimetre  theodolite,  No- 
92.  C.  H.  Van  Orden,  observer.  June  5  to  June  23, 1873.  28-centimetre  theodolite,  No.  100.  C.  H. 
Boyd  and  C.  H.  Van  Orden,  observers. 

Resulting  directions    Corrections     rSPIfl^lS"'*    Pinal  seconds 

from  station  ad-      from  base-net      at?d^^         in  triangu- 

justment.  adjustment.      adiustmcS.  lation. 


No.  of 
direction. 


Objects  observed. 


// 


4 

5 
6 


Minoma 

Standpipe 

Sugar  Loaf  Mound 

American  Bottom  Upper  Base 

American  Bottom  Lower  Base 

Clarks  Mound 

Dreyer 

Kleinschmidt 

Patterson 

Kessler 

Morgan 


o 


00  00  'CO 

39    46  44*35 

65     21  06-63 

73    46  19 '17 

89    50  07  -81 

98    31  40-32 

148     18  49*26 

200     16  12*64 

235     18  46-97 

271     34  38-11 

306    29  30  *88 

Mean 


// 
-0  -27 

-fi-27 
~o*88 
—  I  *oo 
1 0*29 
-ho -66 
—0-07 


// 


— 0*69 
—0-25 
—0*05 


0*00 


// 
5973 

0790 
18-29 
06-81 
40-61 
49  92 

12*57 
46*28 

37-86 

30-83 


Probable  error  of  a  single  observation  of  a  direction  (3  £>.  and  3  -^.)  =  zb  i''-30. 

Kleinschmidt,  St.  Louis  County,  Missouri.  November  21  to  December  9,  1871.  30-centimetre  theodo* 
lite.  No.  32.  W.  Eimbeck,  observer.  June  21  to  June  22,  1873.  25-centimetre  theodolite,  No.  74. 
C.  H.  Van  Orden,  obser\'er. 


2 

Patterson 

3 

Morgan 

Insane  Asylum 

Azimuth  Mark 

Standpipe 

Clarks  Mound 

Dreyer 

0 

/ 

// 

// 

0 

00 

00 -oo 

85 

05 

58 '5  r 

124 

05 

37  73 

-0-58 

124 

37 

35  99 

132 

54 

24  14 

173 

35 

37'" 

—0-76 

196 

03 

35  63 

-fo*i9 

// 

// 

-ho  50 

00-50 

-hi -86 

60 -37 

38-31 

36  "35 

35-82 

Mean        o  'oo 
Probable  error  of  a  single  observation  of  a  direction  (3  A  and  3  ^. )  =  ^  o''*90. 

Minoma,  St.  Tx>uis  County,  Missouri.     June  5  to  June  11,  1873.     25-centimetre  theodolite.   No.  74. 

C.  H.  Van  Orden,  observer. 


Sugar  Loaf  Mound 

American  Bottom  Upper  Base 

Standpipe 

American  Bottom  Lower  Base 

Clarks  Mound 

Insane  Asylum 

* 
Morgan 


o  /  // 

o     00     OO'OO 

lO 

28 
28 


18  59*95 

II  26*91 

30  3895 

36  48  21-53 

90  34  30-33 

164  32  12  '93 

Mean 


—  I  *20 

-fi*6o 

4-0*52 
—  I  08 
-ho -16 


// 


// 


-0-58 


O'OO 


58-80 
61-55 

39*47 
20  45 
30*49 
"•35 


Prol>able  error  of  a  single  observation  of  a  direction  (3  A  and  3  ^.)  =  ±  0^^*84. 
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(d)  Abstracts  of  resulting  horizontal  directions  at  each  station  from  local  and  from  figure 

adjustments,  iSjj-y^,  iSyS-yg — Continued. 

Morgan,  St.  Louis  County,  Missouri.     September  27  to  October  22,  1873.     25-centimetre  theodolite, 
No.  74.     Telescope  above  ground  10*52  metres.     C.  H.  Boyd  and  C.  H.  Van  Orden,  observers. 


No.  of 
direction. 

Objects  observed 

7 

Minoma 

Standpipe 

8 

Insane  Asylum 

9 

Kleinschmidt 

10 

Patterson 

II 

Kessler 

12 

Tavern  Rock 

Resulting  direc- 
tions from  station 
adjustment. 


16     54 

52     3r 

87 

133 
171 

182 


00    00*00 
26  04 

52-47 
18    55*15 

24-59 
46*94 

28*84 


25 
03 

45 


Corrections 
from  figure 
adjustment. 

// 

-fl-34 

—  I -61 
—0*13 

— O'OI 

-fo*9o 
-0  *49 


Pinal  seconds 

in  triangu- 

lation. 

// 
01-34 

50-86 
55  02 
24-58 
47-84 
28-35 


Probable  error  of  a  single  observation  of  a  direction  (3  D,  and  3  -^. )  =  =b  i'''*3i. 

Kessler^  St.  Louis  County,  Missouri.     September  22  to  October  14,  1873.     2S-centimetre  theodolite. 

No.  100.     C.  H.  Boyd,  observer. 


// 


// 


// 


19 

Morgan 

20 

Insane  Asylum 

21 

Patterson 

22 

Tavern  Rock 

0 

00 

00*00 

-0-35 

59*65 

26 

33 

09*78 

-fo'38 

10*16 

104 

31 

57*30 

—0*51 

56  79 

203 

39 

37  23 

-^0-48 

37  -7r 

Probable  error  of  a  single  observation  of  a  direction  (6  D.  and  6  A*. )  =  =^  o'''*66. 

Patterson^  Jefferson  County,  Missouri.     October  24  to  October  31,  1873.     28-centinietre  theodolite,  Xu. 

ico.     C.  H.  Boyd  and  C.  H.  Van  Orden,  observers. 

o  / 

o    00 

59    09 
99    08 

136     58 

164     54 

185     45 
Probable  error  of  a  single  observation  of  a  direction  ( 6  D.  and  6  R. )  =  rh  o^'*79. 

Tavern   Rock^  Franklin  County,  Missouri.     November   12  to  November  18,   1S73.     Septenil^er  22  to 
September  25,  1874.     28-centimetre  theodolite,  No.  100.     C.  H.  Boyd,  observer. 


13 

Lynch 

14 

Tavern  Rock 

15 

Kessler 

16 

Morgan 

17 

Insane  Asylum 

18 

Kleinschmidt 

// 

// 

—  I  '02 

// 

00  "OO 

58*98 

22*44 

-019 

22*63 

36  -54 

-t-o  *73 

37*27 

17*25 

-f  0  27 

17*52 

00  38 

-0-30 

00  08 

48  -89 

:o-i3 

49*02 

// 


// 


// 


23 

Morgan 

24 

Kessler 

25 

Patterson 

26 

Lynch 

27 

Halleck 

28 

Peters 

29 

Dieckhaus 

0- 

00 

00  "GO 

—0*92 

5908 

II 

57 

5676 

-to -13 

56*89 

52 

51 

02    39 

o*39 

02  'OO 

99 

18 

19*48 

-to  -25 

19  73 

148 

H 

27 -66 

+0*18 

27  84 

163 

27 

28  49 

—0*29 

28  '20 

187 

08 

25*70 

-f  I  *o4 

26*74 

Probable  error  of  a  single  observation  of  a  direction  (6  Z^.  and  6  A*. )  =  dbo'''*78. 
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(d)  Abstracts  0/  resulting  horizontal  directio7is  at  each  station  front  local  ayid  from  figure 

adjustments,  187J—J4.,  i8'/'/-yg — Continued. 

Lynch,  Jefferson  and  Franklin  counties,  Missouri.     November  13  to  November  17,  1873.     September 
25  to  September  26,  1874.     25-centimetre  theodolite,  No.  74.     C.  H.  Van  Orden.  observer. 


No.  of 
direction. 

Objects  observed 

30 

Peters 

1 

31 

Halleck 

32 

Dieckhaus 

33 

Tavern  Rock 

34 

Patterson 

Resultitifc  direc- 

tiotij;  from  station 

adjustment. 

Corrections 
from  fifi^tire 
adjustment. 

Final  seconds 

in  triangu- 

lation. 

0 

00 

00 'CO 

033 

// 

0 

59  67. 

10 

08 

47  75 

—0-52 

47  23 

35 

19 

09-97 

— 0-2I 

0976 

73 

31 

06  65 

-018 

06-47 

147 

54 

24  85 

-1-24 

26*09 

Probable  error  of  a  single  observation  of  a  direction  (6  D,  and  6  ^. )  =  ib  0^^*84. 


Halleck,  Franklin  County,  Missouri.     September  15  to  September  21,  1874. 

No.  100.     C.  H.  Boyd,  observer. 


28-centimetre  theodolite, 


// 


// 


// 


35 

Peters 

36 

Enochs  Knob 

37 

Dieckhaus 

38 

Tavern  Rock 

39 

Lynch 

0    00 

CXJ  "OO 

—0-19 

59 -81 

36     28 

15*52 

-008 

15*44 

85     II 

36  93 

-foo9 

37  02 

137     29 

45  40 

—0-19 

45*21 

205     II 

18-39 

-r  0  37 

1S76 

)f  a  direction  (6  D, 

and  6i^.)  —  -  o"-j\. 

Dieckhaus,    Franklin    County,    Missouri.      September    15    to    September    23,    1874.      25-centinietre 

theodolite.  No.  74.     C.  H.  Van  Orden,  observer. 


// 


// 


// 


47 

Tavern  Rock 

48 

Lynch 

49 

Halleck 

50 

Peters 

51 

.  Enochs  Knob 

52 

Berger 

1 

i  Dutzow  Church 

0 

00 

00  00 

—  I  -04 

58-96 

53 

57 

56  33 

— 015 

56-18 

88 

47 

52-54 

-  0  -09 

52-45 

133 

19 

06  71 

-fo-32 

07  03 

183 

13 

45*18 

- 1  03 

44*15 

189 

10 

22-86 

-*-i  '99 

24*85 

194 

58 

55*15 

Probable  error  of  a  single  obser\'ation  of  a  direction  {3  P.  and  3  A*. )  =  _  j(/^-7o. 

Peters,  Franklin  County,  Missouri.     September  28  to  October  2,   1874.      2S-centimetre  theodolite, 

No.  100.     C.  H.  Boyd,  observer. 


// 


// 


// 


40 

41 
42 

43 
44 
45 
46 


Jacobs 

Berger 

Enochs  Knob 

Dieckhaus 

Tavern  Rock 

Halleck 

Lynch 


0 

00 

(W  "OO 

—  I  -09 

58-91 

45 

53 

II  -14 

-fo  -20 

II  *34 

72 

07 

33*39 

-  -0  -36 

33  '03 

135 

08 

00-89 

}  0-06 

00  95 

158 

07 

54*99 

-    O'll 

54-88 

185 

25 

09-42 

-L0I4 

09  56 

200 

27 

40-01 

-I -17 

41-18 

Probable  error  of  a  single  observation  of  a  direction  (6  D.  and  6  ^.)  =  rtz  0^^-93. 
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UNITED  STATES  COAST  AND  GEODETIC  SURVEY. 


(^)  Abstract  of  resulting  horizontal  directions  at  each  station  from  local  and  front  figure 

adjustments,  18^3-74,  i8y8-yg — Continued. 


Enochs  Knobf  Franklin   County,  Missouri.     September   29  to  September  30,  1874. 

theodolite,  No.  74.     C.  H.  Van  Orden,  observer. 


No.  of 
direction. 

Object 

53 

Dieckhaus 

54 

Halleck 

55 

Peters 

56 

Jacobs 

57 

Berger' 

Resulting  direc- 
tions from  station 
adjustment. 


o 
36 

67 
130 

193 


00 

50 
04 

17 

12 


ff 
00 'OO 
47-02 

54  73 

33-18 
48-84 


Corrections 
from  figure 
adjustment. 

ff 
—0-29 

— 0-02 

-ro-5i 
—0-30 
-fo'io 


25-centimetre 


Final  seconds 

in  triangu- 

lation. 

ff 


5971 
47-00 

55 '24 
32-88 
48-94 


Probable  error  of  a  single  observation  of  a  direction  (3  /?.  and  3  /?.)  =  ±0^^-80. 


Berger^  Franklin  County,  Missouri.  October  10  to  October  13,  1874.  28-centimetre  theodolite,  No. 
loA.  C.  H.  Boyd,  observer.  September  13  to  September  19,  1878.  35-centimetre  theodolite, 
No.  10.     Telescope  above  ground  i'62  metres.     H.  W.  Blair,  observer. 


// 


// 


// 


5S 

Dieckhaus 

59 

Enochs  Knob 

60 

Peters 

61 

Jacobs 

Azimuth  Mark 

62 

Winter 

63 

Gasconade 

0 

00 

00-00 

—0-27 

59  73 

7 

16 

09 '33 

— o'95 

08  38 

34 

53 

53  96 

-o*57 

53*39 

Si 

38 

5673 

• 

-j-o-27 

57 'oo 

119 

30 

21  -16 

126 

52 

52-45 

+  I-I6 

53 '61 

174 

53 

30-64 

-r-o-36 

#  # 

31-00 

ectic 

)n — 

(6/;.  an(16  A^)  — 
(/>.  andi?.)         — 

r  f 

"^0*76 
-S-0-90 

in  1874. 
in  1878. 

Probable  error  of  a  single  observation  of  a  direction — 


JacobSy  Franklin  County,  Missouri.  October  12  to  October  15,  1874.  25-centimetre  theodolite.  No.  74. 
C.  H.  Van  Orden,  observer.  September  30  to  October  2,  1878.  35-centinietre  theodolite,  No. 
10.     Telescope  above  ground  i  "60  metres.     H.  W.  Blair,  observer. 

o 

65  :  Gasconade  o 

66  Berger  39 

67  Enochs  Knob  81 

68  Peters  126 
64  ,  Winter  325 


/ 

// 

// 

ff 

00 

00 'OO 

-0-58 

00-58 

12 

51*65 

-0  -83 

50  -82 

54 

46-99 

-0  -23 

46-76 

34 

33  '93 

-*-i  -69 

35*62 

24 

03  64 

-   1  -21 

02  43 

// 


Probable  error  of  a  single  observation  of  a  direction — 


{  \D.  and  3  A'. )  =  i  i  '09  in  1874. 
( D.  and  A*. )        =  rb  oSi  in  1878. 
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(d)  Abstracts  0/  resulting  horizontal  directions  at  each  station  from  local  and  from  figure 

adjustments,  /<y;y-7/,  i8yS-'/g-  Continued. 

Gascoftade,  Gasconade  County,  Missouri.     October  25  to  October  31,  1878.     35-centimetre  theodolite, 

No.  10.     Telescope  above  ground  11 73  metres.     H.  W:  Blair,  observer. 


No.  of 
direction. 

Objects  observed 

So 

Turnpike  Bluff 

75 

Berger 

76 

Jacobs 

77 

Winter 

78 

Geyer 

79 

Bradford 

Resulting  direc- 
tions from  station 
adjustment. 

Approximate 

probable 

error. 

Corrections 
from  figure 
Adjustment. 

Final  seconds 

in  triangu- 

lation. 

0         /           // 

/f 

// 

// 

0      00      00 'GO 

-»-o*ll 

-0-57 

59  43 

177    50    43 '14 

0-I2 

-  J  -30 

41-84 

225     23     16  '99 

0*14 

—  I  '30 

18-29 

259     20    Jij  69 

0*13 

0-50 

47-19 

306    03    46  -86 

0*20 

-0  -43 

47-29 

354    35     3274 

0*13 

—0*64 

33-38 

Prol)able  error  of  a  single  observation  of  a  direction  {D.  and  R.)  =  .-- &^'^2>- 

Winter,  Gasconade  Count)-,  Missouri.     October  8  to  October  18,  1878.     35-centimetre  theodolite,  No. 

10.     Telescope  aVx)ve  ground  io'o2  metres.     H.  W.  Blair,  observer. 


72 

Gasconade 

73 

Berger 

74 

Jacobs 

69 

Gever 

70 

Bradford 

71 

Turnpike  Bluff 

0 

00 

00*00 

-^-0*I2 

—0*78 

ff 

0 

59*22 

50 

29 

16*91 

OT7 

;-o*i4 

17*05 

III 

26 

32  00 

0*16 

~o*68 

32-68 

275 

55 

49*59 

o*i6 

—0*26 

49*85 

302 

35 

28*81 

0*14 

-   0*57 

28-24 

330 

20 

07*78 

0*17 

•  0*27 

08-05 

Prolxible  error  of  a  single  observation  of  a  direction  {D.  and  R, )  =  .tr 0^^*92. 

Ge.xery  Gasconade  County,  Missouri.     November  18  to  November  25,  1878.     35-centimetre  theodolite, 

No.  10.     Telescope  alx)ve  ground,  1 1 -40  metres.     H.  \V.  Blair,  observer. 


// 


// 


// 


// 


88         ' 

Turnpike  Bluff 

89 

Gasconade 

90 

Winter 

86 

Pilot  Knob 

87 

Bradford 

0 

00    00*00 

-^o-i2 

o*43 

59*57 

29 

23     26*55 

0*15 

-0*10 

26-65 

78 

36     17*82 

0*14 

-0  '09 

17*73 

228 

51     32  -58 

0*15 

— O'lO 

32-48 

303 

30    39-84 

0*I2 

-ro-52 

40-36 

atioi 

1  of  a  direction 

(/;.  audi?.) 

=  :+tO''-8o. 

Turnpike  Bluff,  Gasconade  County,  Missouri.     November  5  to  November  13,  187S.     35-centimetre 
theodolite,  No.  10.     Telescope  above  ground  1 1  '34  metres.     H.  W.  Blair,  observer. 


// 


81 

Gasconade 

82 

Winter 

83 

Geyer 

84 

Pilot  Knob 

«5 

Bradford 

// 


// 


Probable  error  of  a  single  observation  of  a  direction  (/?.  and  R,)  =  dzo'^'Ss^ 


ff 


0 

00 

00*00 

-r-0*IO 

—0-38 

59*62 

49 

40 

55*91 

0*15 

f  0  -67 

56-58 

96 

40 

21  '27 

0-13 

—0-50 

2077 

125 

05 

12  -98 

013 

+  1-07 

14*05 

171 

38 

43*51 

0*20 

-  -0  -86 

42  65 
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UNITED  STATES  COAST  AND  GEODETIC  SURVEY. 


{d)  Abstracts  of  resulting  horizontal  directions  at  each  station  from  local  and  front  Jig  nre 

adjustments^  i8yj-y^,  iSyS-'^g — Continued. 

Brad/ofd^  Osage  County,  Missouri.     August  4  to  August  12,  1879.     35-centinietre  theodolite,  No.  10. 

Telescope  above  ground  19*81  metres.     H.  W.  Blair,  observer. 


No.  of 
direction. 


Objects  observed. 


Resulting  direc-       Approximate      Corrections      Final  seconds 
tions  from  station         probable  from  figure         in  triangu- 

adjustnient.  error.  adjustment.  lation. 


// 


// 


// 


// 


lOI 

102 

96 

97 
98 

99 
100 


Mc  Daniel 


0 

00 

00 'OO 

-f-o-o8 

—0-28 

5972 

58 

02 

56-54 

o-i8 

—0-36 

56  18 

221 

39 

28  63 

0*16 

-063 

28  'OO 

224 

36 

18 -oi 

0*17 

+0-98 

18 -99 

251 

57 

03  02 

014 

0-17 

02  85 

270 

ir 

47-25 

0*17 

+036 

47  -61 

324 

57 

14-44 

0T5 

-010  • 

14-54 

Cedar 

Turnpike  Bluff 
Gasconade 
Winter 
Geyer 
Pilot  Knob 
Probable  error  of  a  single  observation  of  a  direction  ( D.  and  Id.)  =  ±: 0^^*89. 

Pilot  A'fiod,  Osage  County,  Missouri.     July  18  to  July  22,    1879.     35 -centimetre  theodolite,  No.  10. 

Telescope  above  ground  11 '31  metres.     H.  W.  Blair,  observer. 


// 


// 


// 


// 


92 

!  McDaniel 

93 

Bradford 

94 

Turnpike  Bluff 

95 

Geyer 

r 

i  Koeltztown 

91 

Kennedy 

0 

00 

00  "00 

^008 

-|-0'22 

00 '22 

33 

30 

15-62 

0-13 

053 

15  "09 

63 

39 

0074 

0*14 

4-0-33 

01  '07 

84 

05 

41-55 

012 

~o'i9 

41-36 

296 

16 

50  92 

o'39 

302 

53 

20  -83 

O'lO 

— 016 

20*99 

Probable  error  of  a  single  observation  of  a  direction  {/?.  and  A*.)  =  :irO''^*7i. 

McDaniel,  Osage  County,   Missouri.     July  28  to  July  31,   1879.     35-centimetre  theodolite.  No.   10. 

Telescope  above  ground  11*09  metres.     H.  W.  Blair,  observer. 


// 


// 


// 


// 


106 

103 
104 

105 


Pilot  Knob 
Koeltztown  spire 
Kennedy 
Cedar 
Bradford 
Probable  error  of  a  single  observation  of  a  direction  ( /).  and  ^. )  =  -^r  o'''7o. 


0 

00 

00  '00 

-^-o-o8 

—  0*40 

59  60 

71 

36 

44-43 

024 

85 

42 

50-95 

0-15 

—0*14 

51  09 

154 

38 

47*36 

0  '12 

-^  0*17 

47-53 

248 

32 

59  "OO 

O'll 

-  0*09 

59 '09 

Cedar,  Callaway  Count\' ,  Missouri,     August  21  to  August  29,  1879.     35-centimetre  theodolite,  No.  ro. 

Telescope  above  ground  i  "68  metres.     H.  W.  Blair,  observer. 


0 

/ 

// 

// 

// 

// 

Meridian  Mark 

0 

00 

00  "OO 

-^o*io 

National  Cemetery  flagstaff 

I 

09 

25*11 

0-37 

115 

Belshe 

22 

20 

55-75 

0*20 

^-0  *22 

55  97 

,  Capitol 

25 

52 

06  58 

0-23 

116 

Moreau 

51 

30 

14*21 

o*i8 

-0-94 

13  "27 

117 

Medlock 

83 

29 

23*27 

0*17 

+  055 

23-82 

112 

'  Bradford 

1 

256 

55 

56  05 

o*i6 

-fo*26 

56-31 

^13 

1 

McDaniel 

284 

58 

49  74 

0*22 

—  0*40 

49*34 

,  Koeltztown 

1 

323 

41 

08-77 

0*29 

114 

!  Kennedy 

331 

22 

36-39 

0'22 

-^03 1 

36  70 

Probable  error  of  a  single  observation  of  a  direction  {D.  and  -^. )  =  rtr  i'^*o6. 
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{d)  Abstracts  of  resulting  horizontal  directions  at  each  station  from  local  and  from  figure 

adjustments,  iSjj-y^,  i8j8-jp — Continued. 

Medhcky  Cole  County,  Missouri.     October  17  to  October  21,  1879.     35-centimetre  theodolite,  No.  10. 

Telescope  above  ground  12*59  metres.     H.  W.  Blair,  observer. 


No.  of 
direction. 

Objects  observed. 

Resulting  direc- 
tions from  station 
adjustment. 

Approximate 

probable 

error. 

Corrections 
from  figure 
adjustment. 

Final  .seconds 

in  triangu- 

lation. 

Moreau 

0 
0 

00 

// 

00  00 

=bO-I3 

// 

-023 

// 

120 

59  77 

121 

Christian 

54 

48 

3970 

o-l8 

-ro-37 

40  07 

118 

Cedar 

251 

-24 

43-05 

o*i6 

—0-31 

4274 

L'Ours  Creek 

spire 

260 

38 

32  97 

0-44 

Capitol 

261 

57 

34*15 

028 

119 

Belshe 

339 

39 

29-28 

018 

^017 

29*45 

Probable  error  of  a  single  observation  of  a  direction  {D.  and  R.)  =  ±:  i^'^'oo. 

Kennedy,  Osage  County,  Missouri.     September  4  to  September  12,  1879.     35-centimetre  theodolite, 

No.  10.     Telescope  above  ground  11*28  metres.     H.  W.  Blair,  observer. 


Koeltztown,  Roman  Catholic 

0 

/ 

// 

// 

// 

// 

Church  spire 

0 

00 

00  'OO 

:i:0-I2 

107 

Belshe 

156 

09 

33*56 

o*i6 

+054 

34  TO 

108 

Moreau 

184 

39 

38-44 

022 

o*57 

37*87 

109 

Cedar 

231 

29 

46-19 

o-l8 

-^0  '08 

46-27 

L'Ours  Creek  spire 

275 

57 

14 -86 

0-18 

no 

McDaniel 

296 

10 

04-19 

o*i8 

—0-31 

03-88 

III 

Pilot  Knob 

333 

20 

33*77 

0-2I 

—0  -26 

34-03 

127 


122 
123 
124 
125 


126 


o 
O 


/     // 
00   00  "OO 


Probable  error  of  a  single  observation  of  a  direction  (D.  and  A*. )  =  zb  i^^'o6. 

Moreau,  Cole  County,  Missouri.     October  7  to  October  11,  1879.     35-centimetre  theodolite,  No.  10. 

Telescope  above  ground  19-87  metres.     H.  W.  Blair,  observer. 

High  Point 

Cole  40  19  35*30 

California  spire  59  31  26  -40 

Christian  61  55  12  *27 

Medlock  137  37  10 '81 

Cedar  177  02  43  '82 

Kennedy  230  05  01  -07 


// 

ff 

ft 

O'll 

+0*87 

00-87 

o*i8 

0*27 

0*17 

-0-94 

11*33 

0-2I 

-fo-28 

II  09 

0-20 

—0-29 

44-11 

0-15 

— o*io 

00-97 

Belshe 


280    05    50  -46 


0*17 


—0-40 


50*06 


Probable  error  of  a  single  observation  of  a  direction  {D,  and  R.)  =  ziz  i'*'oo. 


46o 


UNITED   STATES   COAST   AND   GEODETIC   SURVEY. 


{d)  Abstracts  of  resulting  horizontal  directiotis  of  each  station  from  local  and  front  Jiq^ure 

adjustments — Continued . 

Christian^  Moniteau  County,  Missouri.     October  25  to  November  7,  1879.     35-centimetre  theodolite. 

No.  10.     Telescope  above  ground  12*28  metres.     H.  W.  Blair,  observer. 


No.  of 
direc- 
tion. 


Objects  observed. 


r>r>r^«wr««i/ina   COtTeCtionS 

Resulting  directions    Approxi-      f™f^a2r  from  base-      Final  sec- 

from  station  ad-     mate  proba-  net  adhSt    "*^  *°**  ^?"  oods  in  tri- 

justment.  ble  error.         n^t         "readjust-  angulation. 

menL 


128 
129 


High  Point 

Hunter  (Versailles  South  Base) 

Versailles  North  Base 

Hughes 

Cole 

Tipton,  Baptist  Church  spire 

Hubbard 

California,  Christian  Church  spire 

Medlock 

Moreau 

Belshe 


o  00 

30  12 

44  54 

45  29 
8i  30 

87  02 

89  08 

100  45 

254  50 

304  19 

324  18 


// 

00 'GO 

30*25 
30   92 

22-83 

23 '13 

15*50 
40-05 

10-25 

12  -26 

34*86 

41  '00 


// 
ro-09 

0-2I 

o-i8 

0'22 
0-18 
0-22 

o-i6 
0-38 
0-20 
0*17 
0*17 


ment. 

// 
-i-o  -40 
-0-68 
-0-37 
— 0*29 
-rO  -70 

— 0-2I 


// 


■0-I3 

-2  -24 


-ro-45 


// 
00-40 

29*57 
30  55 

22*54 

23*83 

39*84 

12-13 
32-62 

41*45 


Mean  o  tx^ 

Pi-C)l>able  error  of  a  single  observation  of  a  direction  {/).  and  A*. )  ^  :±:  i^^'o\. 

High  Point,  Moniteau  County,  Missouri.     July  10  to  July  17,  1880.     35-centimetre  theodolite,  No.  10. 

Telescope  above  ground  9*69  metres.     H.  W.  Blair,  observer. 


130 


0 

/ 

// 

// 

// 

Christian 

0 

<X) 

00  00 

:tO-H 

—0-51 

Moreau 

62 

24 

21  -31 

0*17    . 

Belshe 

"7 

56 

13  -So 

0-18 

-<'*35 

Hunter  (  Versailles  South  Base ) 

235 

44 

«)  -73 

0-16 

--()  -45 

Versailles  North  Base 

258 

50 

31  -60 

0-21 

-0-65 

Hubbard 

298 

ID 

34*62 

0-15 

—0  92 

Tipton,  First  Baptist  Church  spire 

305 

18 

53*98 

0-I5 

Cole 

310 

03 

36-27 

0*19 

-:-()  -67 

California,  Christian  Church  spire 

353 

37 

15  09 

0*29 

// 


// 


-r-o  '44 


59*49 

21*75 

13*45 
01  -18 

32*25 
33*70 

36-94 


Mean  o  'oo 

Probable  error  of  a  single  observation  of  a  direction  {D.  and  R. )  =  =±=0^^-99. 
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(d)  Abstracts  of  resulting  horizontal  directions  of  each  station  from  local  and  front  figure 

adjustments — Continued. 

Belshe^  Cole  County,  Missouri.     September  20  to  October  i,  1879.     35-centimetre  theodolite,  No.  10. 

Telescope  above  ground  975  metres.     H.  W.  Blair,  observer. 


No.  of 
direc- 
tion. 


Objects  observed. 


131 

Moreau 

132 

Medlock 

133 

Cedar 

St.  Thomas  spire 

134 

Kennedy 

Koeltztown  spire 

Hunter  (Versailles  South  Base) 

'  Versailles  North  Base 

High  Point 

California  spire 

Christian 

Corrections  Correction? 
Resulting  directions    Approxi-      from  base      f">°* *****       Final  sec- 
from  station  ad-     mate  proba-  „rtadiu«t"  "^^  *°^  ^^'    **°^  *°  ^'^' 
justment  ble  error.  J.^^         "^c  adjust-  angulation. 

ment. 


o  / 

o  00 

17  10 

47  47 

98  47 

loi  29 

105  24 

286  21 

296  16 

315  25 

339  35 

341  48 


// 


00*90 
49  00 

35-48 
48*10 

0571 
14*06 

33-83 
08*69 

60*07 

39-60 
26*80 


// 
±0*09 
0*16 
0*19 
0*31 
o*i8 
0*25 
0*20 
0*15 
o*i8 
0*38 
o*i8 


// 


// 


// 


-2*45 

57  55 

-0-37 

48-63 

—0*09 

35*39 

-f  O  *I  I 


-fo*i8 
-[-0*01 
—0*62 

-fo*44 


05*82 

34-01 
08*70 

59*45 
27*24 


Mean  o  'oo 

Probable  error  of  a  single  observation  of  a  direction  ( D.  and  -^. )  =  db  I'^'ia 


{c)  Figure  adjustment, 
Obsen*ation  equations. 


No. 

I 

0=4-3-48  4- 

(I)- 

(6)- 

(7)- 

(8) 

2 

0— 4-0*43   — 

(3)- 

(6)- 

(8)  + 

(9) 

3 

0  =  4-0*76  — 

(^)~ 

(4)- 

(17) -i- 

(18) 

4 

o=-i*34    - 

(2)  + 

(3)- 

(9)  + 

(10)- 

(16)  + 

(x8) 

5 

0  =  —  0*30   — 

(10)  +  ( 

:")- 

(15)^ 

(i6)- 

(19)  + 

(21) 

6 

0=4-  1*48    — 

(4)  + 

(5)- 

(15)  + 

('7)- 

(20)  + 

(21) 

7 

o=  — 0*14   — 

(10)  T    ( 

■12)- 

(14)  + 

(16)- 

(23)  + 

(25) 

8 

0=4-1*16   - 

(")^    ( 

:«)  + 

(19)- 

(22)- 

(23)  -f- 

(24) 

9 

0— —  3*27    — 

(13)+    ( 

;i4)- 

(25)  + 

(26)- 

(33)  + 

(34) 

10 

o=  — 0*83    — 

(26)+    ( 

:«7)- 

(31)  + 

(33)- 

(38)  + 

(39) 

11 

o=  — 1*71    — 

(s6)-    ( 

[29) 

(32)  -f 

(33)- 

(47)  + 

(48) 

12 

o=  — 1*52    — 

(27)+    ( 

;29) 

(37)  + 

(38)- 

(47)  + 

(49) 

13 

o=  — 1*70    — 

(30)+    ( 

:32)- 

(43)  + 

(46)- 

(48)  + 

(SO) 

14 

o=  — 0*29    — 

(30)+    ( 

:3i)  + 

(35)- 

(39)- 

(45)  + 

(46) 

15 

o=  — 2*52    — 

(»8)+    ( 

[29)  — 

(43)  + 

(44)- 

(47)  + 

(50) 

16 

0=4-  0*50  — 

(36)+    ( 

[37)- 

(49)  + 

(51)- 

(53)  -r 

(54) 

17 

o=- 1*85    - 

(40)+    ( 

[42) 

(55)  + 

(56)- 

(67)  + 

(68) 

18 

0=  — 2*20     — 

(56)+    ( 

[57)- 

(59)  + 

(61)- 

(66)  + 

(67) 

19 

o=— 4*64    — 

(40)+    ( 

:4i)- 

(60)  + 

(61)- 

(66)  + 

(68) 

20 

0  =  —  I  *24     — 

(41)+    ( 

[43)- 

(50)  + 

(52)- 

(58)  + 

(60) 

462 


No. 

21 

22 

23 

24 

25 
26 

27 

28 

29 
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(c)  Figure  adjustment — Continued. 
Observation  equations — Continued. 


o 
o 
o 
o 
o 
o 
o 
o 
o 


-i'96   -    (51)+    (52 
—  1-82    -    (61)  +    (62 


=  —  1*29 


(61) 


=  —  0-92  —  (62) -f-  (63 


(63 


-f-o"o8  —    (71) 

-rO-3i  — 

-fo-8i  -    (69) 

+  023  -^ 
-^0-087--    (79) 

30  0--=— 070  —    (86) 

31  o=-:-o-35  —    (84) 

32  o=-o72  -    (83) 

33  o=  +  i-62  —    (92)  - 

34  o=- I-I7  -    (91) 

35  0= -7-0-82  —  (loi)  - 

36  o  =  — 036  -(103)- 

37  o=-ro-33  -(107) 
3S     0  =  -f  I'oo      -  (laS)  -f 

39  o=-i-i7        (107) 

40  o=  — 107  --  (115)  - 

41  0=  —  I  "58        (116) 

42  o="-o"o3  —(128) 

43  "=  --0-87  ■•    (122)  - 

44  o=-ri'62         (126) 


(72 

(69)-    (72 

(71 

(70)  -;-  (71 

-  (80 

-  (87 

-  (85 

-  («S4 

-  (93 
(92 

-  (102 
(104 
(109 

-(109 

(108 

-(117 

(117 

■(132 

(127 

( 127 


-( 
f-( 
■-( 

( 
--( 

—  ( 

-  { 

-  ( 

V 

( 

-( 

—  t 

-  ( 


53)  -  (57 

64) -r  (66 

65)4-  (66 

72)  -  (73 

77)-  (80 

77)-^-  (78 

82) -r  (83 

82) -r  (85 

81) -t-  (85 

93) -r  (95 

93)  -r  (94 
86} -f    (88 

00)  -r  (loi 

03)  —  (106 

04)  +  (105 
09)  -r  (no 

14)  -:  (115 
14)   :■  (116 

31)   :   (134 

18)  -  - (  119 

23)  ■•-  (124 

19)  •  (121 
29) -r (130 
30) -   ( 131 


-  (58)-!-  (59) 

-  (73)4-  (74) 

-  (75)^  (76) 

-  (75) -f  (77) 

-  (81) -r  (82) 

~    (89)4-    (90) 

-  (88)4-    (90) 

-  (96)4-    (98) 

-  (96)4-    (97) 

-  (99)  4- (100) 

-  (96)  + (100) 

-  (94) -T-  (95) 
105)  ^  (106) 
no)  -:  (in) 
n2)  -t-  (n3) 

113)   -(114) 

133)  -fi34) 
124)  -  (125) 

-  (125)  :  (126) 

-(132)  -(133) 

-  (n8)-i-(i2o) 


45  :  0  = 

46  0  = 

I 

47  0  = 

48  0  = 


49 


o 


50     0  = 


51   I  0  = 


52 

53 
54 


0  = 


0  = 


0  = 


—  1-37   •o'6i  (I ) —  2-60(3)   *-i"6i(7)       4*64  (8 j  ^-3-03(9) 

-0-5--3-CXX.4) --0-6I  (6)   -3'03^'^) -506(9)   ^-2-03(10)   -  1-84  ( 16) —5-52(17)   ;- 3-68  (18) 

—  5-0— 2-87(4)  T-5*89f5i   -  3'o2(6)--i-i5(8)   -  2-73(10)  -3-88(11)  -  176(15) -r  2-71  (16) 
-~o'95li7) 

—  30-9  --  2-73(10)  -r  12-91  (ni  --  10-18  (12)    --  2-51  (14)  -5-22(15)     -  2-71  (16)  --9-93(23) 
-i- 12-37  (24)  -  2-44(25) 

-1-5  :- 1-83(26) -4-44  (27) -r-2-6i  (29)-^  3*43  (3^)  -4-48(32)  -  1-05(33)   -0*04(47) 

—  3'03<48)4-2-99(49) 

-7'6-  5"i3127)  -7-74(28) -•-2-6i  (291    -  i75(43»  -■4'<>9(44)   -2-34<45)   •  0-04(47) 

-2-18(49)    i   2-14(50) 

~i2-2  ;   11-77(30)- 16-25(31)   -4-48(32)- 175(43)   -9-58(45) --7-83  (46) -r  3-03  (48) 

—  5-17(49)   T- 2-14  (50) 

4-  2-3  4-  2-67  (35)       2-85  (36)  -  0-18  (37)  —  2-14  (49)  -  3-91  (50)  -  1-77  (51)  -r  0-89  (53) 
-3'62(54)4-  2-73(55) 

4- 78-9 -.4-27  (41)  4-5'35(42)       i-o8(43)  -i-77(5o)  -21-99(51)  -    20-22(52)  -  16-51(58) 
-r  20-53  (59)— 4-02(60) 

—  i-o  -0-68  (40)  4-4*27  Ui)  -  359  (42)    -  3-43  (59)  -^4*o2  (60)    -0-59  (61)  -  2-29  (66) 
-r  4*42  (67)- 2-13  (68) 


No 

55 
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(^)  Figure  adjustment — Continued. 
Observatioti  equations — Continued. 


56 


57 

0 

58 

0 

59 

0 

60 

0 

0=  -i-  14*5  -f  2-09  (6r)  -  3'99(62)  -\- 1-90  (63)  +  2*44  (64)  -  3*o5  (65)  -ho-6i  (66)  -  3-13  (76) 

-h  2-82  (77) -h  0-31  (75) 
0=  -7*3— i'5i  (69)+ 5*21  (70  -370(72)  4-0-40(77)  +  1-53(78)  -  i'93(8o)  —  3'3i  (88) 

+  373(89)  --0-42(90) 

4-5-0 -1-51  (69)   f  4-01  (70)  — 2-50(71) -1-40(87)   f   1-82(88)      0-42(90) —  1-75  (96) 

+  3-61  (98) -1-86  (99) 

-85-7  -  1-53  (78)  -  22-25  (79)  -  -  20-72  (80)  -  1-40  (87)  -5"i3  (88)  -3-73  (89)  -  39'04(96) 

+  40-90(97)    -  1-86(99) 

-ri2-o-r-3-32(83)    -3-89(84)  -1-0-57  (85)     -  5*65  (94) -^  3'92  (95) -r  i73  (93)  -f  1-86(96) 
-3'35(99)   ■  1-49(100) 

-r4'6"  1-36(91)    i- 4*54  (92) -3*18(93) —3'oo(ioo)   ;  4-32  (loi )- 1-32  ( 102)  —  i-<x)(  109) 

-r3-77  (no)  -  2-77(111)   -  3*95(112) -r  5*96  (1 13)     -2-OI  (114) 

61  ;  o=-f  1-1-1-3*33(^07)     -3-88(108)  -1-0-55(109)-^  1-71  (114)     -5*49(^5)  -*-3*78(ii6) 
i  —0-49  (124)  —  1-77  (125)   t   2-26(126) 

62  0=4-2-4  +  3-78(115)  -  7-15(116)  -r3*37  (117)     -0-70(118)     -5-68  (119)  -6-38(120) 

-  4-90(131)  -  6-8i  (132)  A-  1-91  (133) 

63  I  0=  + 26-0    -3-78(115)   1-7-15(116)  -  3*37(117)  +0-70(118)  +0-79(120)    -  1-49(121) 

-  1-80(128)    i  3-24(129)  f  2-55(130) +4-05  (131)  -     1-91(133) 

64  ,  o=-2i-3    -4-35  (129)  --2-55  (130)-    4*26(131) 

65  t  0=  —  6-6  —  o-t8  (2)   ;  0-18(3) — 0-61(6)   •-3-03  (8) — 3*03  19)  —  i-8i  (10)  —  1-81  (12)  —  1-26  (13) 
1  +  1-26  (14) -i- 1-84  (16)  —  1-84  (18)       1-60(23)  —  I -60  (25)    -0-08  (26)   --0-08  (29) —  2*97  (30) 

•-2-97(32)    .0-59(33)  -0-59(34)  -2-04  (40)  -2-04  ('41)    •    0-97  (43)— 0-97  (46)     ;    1-54(47) 

-  1-54(48)  — 1-43  (50)   r  1-43  (52) +3*o2  (58) —3-02  (60)— 1-90(62)       1-90(63)— 0-61  (64) 
1          +0-71  (66)  — o-io(68)    -0-21  (69)  +0-21  (72)  -{-  I-I7  (73)  -  1-17(74)   !  0-31  (75)— 0-31  (77) 

-1-86(78)   ^   1-86(79)— 0-58  (86) +  0-58  (87) -r  I -82  (89)       1*82(90)  -  1-36  (91) -I- 1-36  (92) 

-  ^'73,  (93)   -  1*73(95)   r  2-07  (97)  — 2-07  (99)  —  yoc^  (100)   i  3-00  ( loi) —0-81  (103) 

-  -0-81  (104)  0-83  (105)  i-0-83  (106)  —0-55  (107)  -:-o-55  (109)  —2-77  (no)  —  2-77  (III) 
'-  2-01  (113)  —  2-01  (114)  -  I -17  (115)  r-  I -17  (1 17)  ;  0-07  (118)  -0-63  (119)  -:- 0-56  (121) 
t- 0-79  (128)   •   1-55  (133)  -  1-55  (134) 

C  orre'/ate  equaiipns, 
(I)  =  —  Ci  -0-61C45 

(2)=-C3-     C4-O-18C6S 

(3)=    -C2-:-C4  — 2 -60C45  -0-18065 

(4)  =  -C3-C6-3*ooC46      2-87C„ 

(5)=  rQ-:  5-89C47 

(6)=-Cx-^-C,      0-6 1 C46   -3-02047     o-6iC65 

(7)=    -C,+  i-6iC45 

( 8 )  =  ^  Cx  -  C,  -  4  -64045      3  03046  -r  r  *  1 5C47  t  3  •03C65 

(9)  =  r- 0, -    O4  +  303C45 - 5  06046 -- 303C65 

( 10)  =  +  C4  -  O5  -  0;  -  2-03046  +  2-73C47  -  2-73C48    - 1  -81065 

(11)  =  +  C5 -  Cs  -  -  3*88047  +  12-91048 
(i2)  =  +  07-r08-io-i8C48+i-8i065 

(13)=    _C9-I-26065 
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(r)  Figure  adjustment — Coutinued. 
Correlate  equations — Continued. 
( 14)  =  - Cy -f  C,  -  2-51048  +  I -aeCfis 

(  15  )  =  —  Cs  -  Cfi  —  1 76C47 -h  5'22C48 

( 16)  =  -  C4 -h  C5  4- C7 -r  r84C46  +  271C47  -  271C48  +  I-84C65 

( 17)  =  -  C3 4  C6  - 5-52C46  - 0-95C47 

( 18)  =  4- C3  4- C4 -f  3-68C46  -  I •84C6S 

(I9)=-C5  +  C8 

{2o)  =  — C6 

(2I)=  +  Cs  +  C6 

(22)=  — Cb 

(23)  =  -C7-C8-9-93C48+i*6oC6s 

(24)=  + C8+I2-37C48 

(25)  =  +  C,-C,-2-44C48  -i-6oC65 

( 26)  =  +  C9  -  Co  ~  C  4- 1  -83049  -  0-08C65 

(27)  = -f  Co  -  C„  -  4-44C49  4- 5'i3C5o 

(28)  =  -Cr5-774C5o 

(29)  =  +  Cx  +  C„  -r  Cs  -h  2-6IC49  4-  2-6IC50  +  o-o8C«s 

(30)  =  -Ci3-C,4  4  II77C5I-2-97C65 
(31  )  =  -  Co  4-  C,4  -h  3"43C49  - 16-2505, 

(32)  =  - Cx  -f  0,3  -4-48049 4- 4-480sx  4  2-97065 

(33 )  =  -  C9  +  0x0  4-  0„  -h  I  -05049  +  O-59065 

(34)  =4- 09-^0-59065 

(35)  =  4- 0x4  4- 2-6705, 

(36)  =  -0x6-2-8505, 

(37)  =  -0„ +  0x6  +  0-1805, 

(38)  =  —  Oxo  +  Oia 

(39)  =  -rOxo-C.4 

(40)  =  —  0x7  —  Cx9  —  0-68054  —  2-O4C65 

(4i)  =  +  Ox9-0,o-4'27053  +  4"27054+2-o406s 

(42 )  =  +  0x7  4  5 '35053   -  3  •59C54 

(43 )  =  -  Cx3  -  0,5  4  C„  +  I  -75050  +  I  •75C51  —  I  -oSCj ,  +  0-97O6, 

(44)  =  +  0x5  -4-09050 

(45)  =  -  0x4  -f  2-34050  -  9'5805x 

(46)  =  +  0x3  +  0x4  4  7-8305X-O-97065     • 

(47)  =  —  Oxx  -  0,a        0x5  +  0-04049  +  0-04050  +  I  '54065 

(48)  =  +  C.  -  0x3  ~  3*03049  +  3-O305X  -  I  -54065 

(49)  =  4-  Oxa  —  0x6  +  299049  -  2-  18O50  -  5-I7C51  +  2-14059 

(50)  =  +0x3  +  0x5     -  Oao  \-  2-I4O50  +  2-1405,  -3-9105,-  I-77C53~  1-43^65 

(51 )  =  +  0x6  -  0,x  4   I  -7705a  +  21 -99O53 

(52)  =  +  C»  +  Ci  -  20-22O53  4  I  •43C65 

(53)  =  -  Ci6  +  Ci  +  0-8905, 

(54)  =  +  0x6     -3-6205, 

(55)  =  -Cx7  +  2-73C5a 

(56)  =  +  0x7  -  Cx8 
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.57 

:58 
:59 

;6o 
[61 

63 
:64 
:65 

;66 

;67 
;69 

70 

71 
72 

73 
74 
75 
76 

77 
78 
79 

:83 
:84 
;85 

;86 

;87 

;88 

:89 
92 

^93 
94 
95 
9^ 
^97 
;98 
^99 


(c)  Figure  adjustment — Continued. 

Correlate  equations — Continued. 
=  -\-  Cx8  —  Cax 

-  Cao  —  C«  —  l6-5lC53  —  302C«5 

=  -  Ci8  +  C«  -f-  20'53C53  -  -  3  •43C54 

-  C,9  +  Cao  -  4'02C53  +  4'02C54  —  3'02C6s 

-f-  Cx8  -!-  C,9  -  C„  -  C,3  -  0-59C54  -f  2-09Cs5 
+  C«. ~ C14  - 3'99Css  -  I-90C6S 

-f  C,3 -f  C4  +  I -90^55 -f  I -90^65 

-  C„  +  2  •44C55  ~  06 1  Ces 
-C,3-3-o5C55 

-  Cx8  -C,9-f  C«-h  C,3  -2-29C54  -4-0-6IC5S  +,07lC<55 
:-C,7-i-Cx8-t-4*42C54 

-+-Cx7-f-Cx9  — 2-I3C54-0-IOC65 

-  C:i6  —  C^  —  I  'SiCje  —  I  'SiCsy  —  0-2IC6S 

-Ca8-h4*oiCs7 

-  C^ -f  C;  +  Ce -I- 5-2IC56  -  2-50C57 

-  Ca4  +  C,s  -f  C,6  -  370C56  -t-  0-2IC65 

-C«  +  C:m+i-I7C«s 
+  C«-i-i7C65 

-  C33  -  Cm4-o-3iC55  +  o-3iC65 

H-C,3-3-i3C55 

-f  C,4  -  C,5  -  C,6  -r  2-82C55  4-  0-40C56  -  0-3IC6S 
+  Cks  -f- 1  "53^56  -  I  •53C58  -  I  -SeCes 
-C^  +  22-25C58+r86C6s 
4-  C,5  4-  C9  -  I  •93C56  —  2072C58 

t 

'  T"  ^9$       ^aj        ^a8 
:-fQr7-C3,4-3-32C59 

-  C3X  -f"  C33  —  3'89C59 

-fC:tf4-C:,5-rC3x4-o-57C59 
-Cjo-Cja-o-sSCfis 

:  -h  C30  -  I  •40C57  -  I  •40C58  +  0-58C<55 

-C^  +  C3,-3-3iC56-ri-82C„-'  5-I3C58 

-  C^  -f  373C56  -  373C58  -h  I  •82C65 

-f  C:rt  +  C:^  -  0-42C56  "  0-42Cs7  -  I  •82C65 

—  C34  - 1  •36C60  —  1  •36C65 

-  C33  +  C34  -h  4-54C60  -f  I  •36C65 

:  -  C30  -  C3X -}- C33 -r  I  73C59  -  3' 18C60 -f- 1 73C65 
-r  C3X  —  Cja  —  5'65Cs9 
4-  Cjo  +  C3,  ^  3-92C59  -  1 73C65 

-  C*  -  C^  -  C3X  - 1 75C57  -  39-04C58  + 1  -SeCs, 

:  -h  C19  +  40-90^58  -f-  2O7C6S 

-fC^  +  3-6iC57 
:  -  C30  -  r86C57  -  r86C58  -  3'35C59  -  207C65 

18732 — No.  4 30 


466  UNITED  STATES  COAST   AND  GEODETIC  SURVEY. 

(c)  Figure  adjustment — Continued. 

Correlate  equations — Completed. 

( loo)  =  +  C^  -f  C31  -  C33  -f  I  -49^59  -  3"ooCeo  -  S'ooCss 
( loi )  =  4-  C33  -  C35  -f  4'32C<so  +  3*ooC«s 

(I02)=  +  C3s— I*32C6o 

( 103)  =  +  C34  -  C36  -  o-SiCes 

(104)  =  -Css-f  C36-f  o-8iC65 

( 105)  =  -  C33  -f  C35  -  0-83C65 

( 106)  =  +  C33  —  C34  4-  0-83C6S 

( 107)  =  -  C37  -  C39  +  3'33C6i  -  0-55C65 

( 108)  =  -  C38  +  C39  -  3*88C6. 

( 109)  =  -  C36  +  C37 -f  C38  —  I -ooCeo  +  o*55  Cei -f  0-55C65 
( no)  =  -  C34 -f  C36  4  377C60  +  277C65 

(ill)  = -f  C34- 277C60 -  277C65 
(ii2)=r-C35-3-95Qo 

( 1 13)  = -f- C35  -  C36  +  5-96C<to  +  2-OIC65 

( 114)  =  4-  Cje  —  C37  ~  C38  —  2-OIC60  4- 1  71C6,  —  2-OIC65 

(115)  =  +  C37  -  C4o-5*49C6i  4-378Cfa-378C63  -  ri7C«j5 

(ii6)=4-C38-C4x4-378C6x-7'i5C6a4-7*i5C63 
(ii7)  =  4-C4o4-C4i4-3*37Cfa-3'37C63  4-i*i7C6s 

( 1 18)  =  —  C40  —  C41  —  o7oCfa  4-  070C63  4-  0-07C65 

( 1 19)  =  4-  C40  -  C43  -  5'68C6,  -  0-63055 

( 1 20)  =  4-  C4, 4-  6'38Cfa  4-  079C63 

( 121 )  =  +  C4,  -  I  •49C«3  4-  o-56C<5s 
(i22)  =  4-C43 

(i23)  =  -C4, 

( 124)  =  —  C38  -h  C4,  —  o-49C<ix 

( 125)  =  4- C38  -  C39  -  1 77C6X 

( 126)  =  4-  C39  -  C44  4-  2-26C6, 

(l27)  =  -C43-hC44 

( 128)  =  —  C4,  -  I  -SoQ,  4-  079055 

(129)  =  -  C43-h  3-24053-  4'35Cd4 

(130)  =  4-  C43  -  C44  4-  2-55053  +  2-55O54 

( 131 )  =  -  Cjs,  4-  C44  4-  4"90C6a  4-  4'05C63  —  4'26C64 

( 132)  =  -  C40  4-  C4,  -  6-81C6, 

(133)  =  -C37  +  C404-  J-9iC<sa-  i'9iC63  +  r55C6s 

( 134)  =  4- C37 -f  C39  -  I  •55C65 
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{c}  Figure  adjustment — Continued. 
Normal  equations, 
Ci       Ca        C3        C4        C5        Ge        Cy        Ce        C9        Ci©       Cji       d. 


I 

0=4-3  -48 

2 

4-0 -43 

3 

4-076 

4 

-1*34 

5 

—0*30 

6 

4-1-48 

7 

—0*14 

8 

+116 

9 

-3*27 

10 

-0-83 

II 

-171 

12 

—  I  52 

13 

—I  70 

14 

—0*29 

.13 


II 

o=— I  71 

12 

—  I  '52 

13 

—I  70 

15 

—2-52 

16 

4-0-50 

17 

-1-85 

18 

—2 '20 

19 

-4-64 

20 

—  I  '24 

21 

-1-96 

22 

—  1-82 

23 

—  I  '29 

24 

—0*92 

25 

-foo8 

26 

4^  "31 

27 

-ho  81 

23 

4-:>-23 

4-4 


—2 

4-4 


—2 

4-4     4-2 
4-6 


—2 

4-6 


—2 

4-2 
4-6 


—2 

4:2 

4-6 


—2 


-\-2        —2 

4-6 

4-6 


—  2         ~2 

4-6      +2 

4-6 


—2 

4-2 
4-6 


—2 


—2 


4-6 


4-2 
4-6 


-«s 


-x6 


Normal  ^^na/fVwM— Continued. 

Ciy        C18  V-19  V-«o  Cai  Cn  C»3  L^  C}5 


C»7         Cee 


-h2 

4-2 

4-2 

4-6 


—2 


-2 
2 


+6      ... 

4-6 


—2 


—2 
-h6 


4-2 

4-2 
4-6 


4-6 


•  •  •  •  ■ 


—2 

— 2. 

—2 

—  2 
—2 

4-2 

4-6 

■  •  • 

+6 

•    •    • 

4-2 

+6 

•   ■   • 

—2 
4-2 
4-6 

•  •  • 

—a 

•      •      • 

—2 

•  ■  • 

•     •     • 

+6 

4-2 

—a 

~X 

•  •  • 

•      •      ■ 

•  •   • 

•  *  • 

•      ■      • 

4-6 

+6 

4-2 
4-6. 
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(^)  Figure  adjustment — Continued. 
Nortnal  equations — Continued. 


I 

2 

3 

4 

5 
6 

7 

8 

9 
lo 

II 

12 

13 
14 

15 
i6 

'TO 

*   «« 


c^ 

C,o 

c,. 

c„ 

c„ 

C34 

C35         C36 

C37     C38 

C39     C40 

C4. 

C4. 

C43 

C44 

1 
25 

o=-^-o  '08 

r  2 

■ 

27 

-fo*8i 

—2 

28 

-fo-23 

4-2 

4-2 

29 

4-0-087 

4-6 

-1-2 

30 

—070 

•  •  • 

+6 

4-2 

-^2 

—2 

•         •         • 

•      •     ■                   •     «      • 

■  •  •          •  •  ■ 

•  •  ■          •  •  • 

•  •  • 

•      •      ■ 

•  •  • 

•      •      ■ 

31 

+o'35 

4-6 

—2 

—  2 

• 

32 

—072 

-h-6 

33 

+  1-62 

+6 

—2 

—  2 

34 

I -17 

+6 

—2 

, 

35 

-f-o-82 

. . . 

•      •      » 

•  •  • 

•  •  • 

•      •      • 

■      •      • 

-h6      -2 

•  •  •          •  •  ■ 

■  •  ■          •  «  • 

■  •  » 

•      ■      • 

•  ■  « 

•      •       • 

36 

—0-36 

4^6 

—2    —2 

37 

-1-0  '33 

4-6    4-2 

4-2    —2 

38 

-j-i  -oo 

+6 

—2 

—2 

39 

-I -17 

4-6 

—  2 

40 

—  I  07 

•  •   ■ 

■      •      « 

■  ■  » 

»  •  • 

•     •      ■ 

•     ■     • 

■  •  •          ■  •  • 



...     4-6 

+2 

—    2 

•  •  • 

■    •    • 

41 

-1-58 

+6 

42 

-f  0  -03 

4-4 

43 

-0-87 

-t-4 

—  2 

44 

4-1-62 

-r4 

-45 


Normal  equations— Q.onWnM'&di, 
C46  C47  C48 


'49 


'SO 


o=-h3  -48 

4-  o  '43 
4-  076 

—  1*34 

—  030 

-h  1-48 

—  0*14 
-h  i'i6 

—  3  27 

—  0-83 

—  171 

—  I  52 

—  I  70 

—  0*29 

—  2  52 

4-  0-50 

—  J  '24 

-'3  7 


-  5-64 
+  5*07 

-  0-43 


-f3"64 
-8  70 

4-6  20 

-f8-93 

— 019 

-2  52 

—0*19 


44-17 
-4  17 

—  I  92 

4-0 '02 
—  2    14 

-f9'57 
— 002 

4-3-88 


— 0*02 

4-771 
-5 '22 

— o*i6 

-079 

— o'07 


•     •    •    • 


-r  078 

-  8-65 

.4-  3  '24 
4-io*oo 

-  1-45 
-f  3 '43 
-f  2*57 
-2-99 


4-5*13 
-r2-57 

-4  74 
+o'39 
-2  34 
+6 -61 

4-2-18 
-0-39 


-M6-25 

-  1*45 

-  5'J7 

-  2  -lo 

-  10 -61 
-h  0-39 
-^  5'i7 

-  039 


+40  -435       -29  -391 


-  5-34 


TRANSCONTINENTAL  TRIANGULATION — PART  III — TRIANGULATION.      469 


12 

13 
14 

15 
16 

18 

19 
20 

21 
22 

23 

24 

25 
26 

27 
28 

29 
30 
31 
32 

49 
50 

51 
52 

53 
54 
55 
56 

57 
58 


0= 


—  1*52 

—  I  70 

—  0*29 

—  2  52 

+  050 

—  1-85 

—  2  '20 

-4*64 

—  I  '24 

^  1-96 

--    I  "82 

—  I  '29 

—  0*92 

-f  008 
-f  0-31 

+  o-8i 
4-  023 
4-  0-087 

—  070 

+  o*35 

—  072 

—  1-5 

—  7-6 

—  12  '2 
+    2*3 

+78-9 

—  I  'O 

+14-5 

-7*3 
+  50 

-857 


(c)  Figure  adjustment — Continued. 
Normal  ^yiki//^»5— Continued. 


C.S 

C4. 

C4, 

C48 

C49 

c,. 

Cs. 

46 

-  05 

+95  676 

+2971 

~    10-53 

47 

+  50 

•  •  ■  • 

•  •  •  • 

+87  -22 

-  74-08 

■    •    •    • 

•    •    •    • 

•  •  •  • 

48 

-30*9 

+576  -22 

49 

-  1*5 

+80-94 

—    22-48 

-100-45 

50 

-  7-6 

+  127-64 

-    3*50 

51 

—  12*2 

4-619  30 

-5a 


Normal  equaiions^CaoXSxixxsA, 

Co  Cqi  C55 


-54 


-57 


+  1-96 

-3*91 
+267 

-3*91 
—  1-85 

-2-73 


4-3-91 
-0-88 


—      0-69 

—  0*69 
+21-99 

+  5*35 
~20  -53 

—  0-25 

-  2-77 

-  5-17 


+  6-40 
-13  03 
-19-43 
+59  -63 


-  5*68 

-  5-68 
+45-84 

+1  653-78 


-.9  46 

+9-55 
+0-50 

—0-25 

-3  43 
—  I  -70 

—I  -70 


—  124-02 
+  89-17 


+1-48 
+  1-48 


■  •  •  • 


-7-91 
+0-03 

+8-40 

—  2-82 
—2-82 


—    2-63 

+57  37 


+4-IO 

—II  -24 

+2  50 

-  5 -21 

+1  '09 

+  9 -61 

-3-23 

+  5-21 

—I -15 

-  I  93 

+  1*75 

+046 

•   •  •  • 

+  1  -75 

-  3-31 

-fi  -Sa 

+  I -13 

+74  '39 


-58 


—20  72 

4-2-20 

—  5 '^3 

+39*^ 
4.36  -97 
4.  0*46 

+-39  *°* 
4-  5*^^ 


— 16-59 
-f-49   61 


4-  6-76 
+-83  o® 

+4  x^;^^ 
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(c)  Figure  adjustment — Continued. 
Normal  equations —ContixiVieA. 


'59 


Cto 


Cfa 


Cte 


C63 


C64 


I 

0— f- 

3'4» 

2 

+ 

0-43 

• 

3 

+ 

076 

4 

— 

I '34 

5 

— 

0-30 

•  •  •  • 

•  •  •  • 

•  •  •  • 

•  •  •  • 

•  •  •  • 

7 

— 

0-14 

8 

+ 

I  16 

9 

— 

3*27 

lO 

— 

0-83 

Il- 

— 

171 

•  •  •  • 

•  •  •  • 

•  •  •  • 

•  •  •  • 

•  •  •  • 

ia 

— 

1*52 

13 

— 

I  70 

• 

14 

— 

0*29 

15 

— 

2-52 

17 

— 

1-85 

•  •  •  • 

•  •  •  ■ 

•  •  •  ■ 

•  •  •  • 

•  ■  •  • 

i8 

— 

2 -20 

19 

— 

4  64 

20 

— 

I  -24 

21 

— 

1-96 

22 

— 

1-82 

«  ■  •  • 

•  •  •  • 

•  •  •  • 

•  •  •  < 

•  •  •  • 

23 

— 

1-29 

24 

— 

0*92 

25 

+ 

008 

26 

+ 

031 

27 

+ 

o-8r 

+3-32 

•      •     V     • 

•  •  •  ■ 

•  •  •  ■ 

•  •  •  • 

28 

-h 

0*23 

—  I  '29 

29 

+ 

0*087 

—  I  "29 

30 

0*70 

-f  7-03 

+0-I8 

31 

4- 

0-35 

3  29 

4-0 -18 

32 

— 

072 

+2-36 

•   •  •  • 

•  •  •  • 

•  •  •  • 

•  •  •  • 

33 

+ 

1-62 

+0-24 

—0*40 

34 

I -17 

—0-64 

35 

+ 

082 

+4-27 

36 

— 

0-36 

—3  "20 

-hi -16 

37 

+ 

033 

•   •  •  • 

+  1  "OI 

-998 

-f  1-87 

—  1-87 

38 

+ 

I  'OO 

-f  I  -oi 

+5  22 

-  7*15 

-h  7-15 

39 

— 

I -17 

-3 -18 

-  4-90 

-  4*05 

40 

I  '07 

+5*49 

+  3 '33 

—  2  -20 

41 

— 

1-58 

-4-27 

+17-60 

-10-43 

42 

+ 

0*03 

•   ■  •  • 

•  •  •  « 

« •  •  ■ 

~  I '13 

-f  0-31 

43 

0-87 

—  0-69 

+4-26 


C«5 


-f3'64 


-6-85 

-1-66 

—2  -lo 

+3*65 

-hi  -oo 

-ho -2 1 

+2-86 

+0-67 

—5  "30 

—I  -46 

-h4-ii 

-h2*0O 

-3*86 

+1*94 

—071 

+6 '29 

-4*25 

-1-59 

—2  -92 

4-2-30 

+4*14 

-ho -52 

-4  77 

-I -61 

-ho -21 

-3*23 

-4  73 

-I -15 

+8-03 

-4-46 

—2*63 

— o-i8 

-I -16 

4-2-56 

—  I  -oo 

4-3  "19 

4-1  -lo 

4-0*40 

4-6-90 
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44 

45 
46 

47 
48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 
60 

61 

62 

63 
64 


-59 


(c)  Figure  adjustment — Completed. 
Normal  egualtons—Complettd. 
C«o  Cei  C««  C63 


+  1-62 

-137 

-  0-5 
4-  5'o 
-30 '9 

-  1*5 

-  7-6 

—  12  '2 

+    2*3 

+  78-9 

—  I  "O 

-fi4*5 

-  7'3 

-J-  50 
-857 

-f  12*0 

-f  4'6 
-f  I  'I 
4-2-4 
4-26 'O 
—21 '3 

4-6-6 


4-2-98 
-66-38 
+93-66 


C,  =-0-790 
C  =-0-782 
C3=-o-693 
C4  =4-0  -213 
C5  =--0-124 
C6=-o-384 
Cj  =-|-o-7io 
Cg  =-0-475 

C9=-i-ii73 
C,o=— 0-139 

C„= -^0-877 
C„=    0-056 

C.3=-ii39 
C,4=— 0-231 

C,5=— o  -031 

C,6=^  0-033 
C,7=— O  -465 


—2-26         4-4*90 


4-  I '50 


•    •   •   • 


•  •  •  • 


-    9*97 
4-140-03 


-  3'99 

4-82  -28 


-  47  -78        4-  47  78 

4-224-26        —  56-02 

+120-39 


Resulting  values  0/  correlates. 
C,8= -0-169  C35=— 0-334 


C.9=4-i  -886 
C=+i  -188 
C„=— o  -266 
C«= +0-538 
C^=+o  349 
Ca4=-^o-8i9 

C,5=-*-o  505 
0,6=^0*048 
C^=— 0340 
Crf=— o-i8o 

Ca9=— 0-129 

0,0=— o  502 

C3,=-0   825 

C3,=-o-327 
C33=-o-327 

C34=— 0-024 


Cjj=— 0065 

C37=4-0  657 

C^=— 0-623 
C»= -0-730 
C4o=+o-473 

C4i=— 0-276 
C4a= -^0-257 

C43=-o-94o 
C44=-o-o67 

C45=+0  340  5 

C46=-}-o-io6 

C47=-^-0-022  2 
€48= -O  -049  2 
€49=- 0-043   2 

C5o=+oo33  9 

C5,=-^-Ol8    2 


C64 


C6S 


-6 -81 


•    •    •    • 


—20-87 

-24-84 

+43  *57 


—    22  -77 

+  17-825 

+    5 '37 

—  33*62 
-7-90 

—  1-09 
~  35  28 
+    5  59 

-  73-86 

-  3-46 
+  936 
+     4*12 

+      4*12 

+125-14 

-  I  -32 

+  58-07 

+  1-46 
-h    6-01 

-  4-69 
+193-25 


Cs,= -^0-015  7 

C53=— 0061   5 

€54=— 0-120 

€55= -0-304 

C56=+o-i33 
€57=— o  096  6 

C58=+oo33  2 

C59=— 0-146 

C«o=4-o-oi8  4 
C<s,=-ho-ii8  5 

Cte=4-0  022   6 
C6,=  — 0-123 

Ci4=-ro-639 
C«s=— 0-121  6 
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Resulting  corrections  to 

angular  directions 

// 

// 

// 

( I)— 0-582                     ( 

:35)=-o-i89 

(69)     +0-263 

(2)  — +0-502                     ( 

36)— —0-078 

(70)=— 0*567 

(3)==-hi*858                     1 

[37)  — -rO-092 

(71) =+0*269 

(4)— —0*691                      { 

[38)=    0-195 

(72)=— 0*784 

(5)=-o*253                      \ 

;39)=-f  0-370 

(73)=4-o-i39 

(6)— — 0  -050                     \ 

[40)=— I  -091 

(74)_+o*68o 

(7)=+i  -338                     i 

;4i)=4-o-2oi 

(75)=     I  '300 

(8)=-i  -609                     ( 

[42)=-o-363 

(76)=+!  *3oi 

(9)=    0*131                      I 

;43)=-f  0-057 

{77)— 0*500 

(io)=— o-oii                      1 

44)=— 0*108 

(78) —+0*426 

(ii)=-(-o-9oo                     ( 

[45)=+o-i36 

(79) — [-0*642 

(12)— 0-486                     ( 

[46)=-}-i  -169 

(80)— 0  *569 

(13)=— 1-020                     1 

[47)=-i-036 

(81) =—0*376 

(i4)=-|-o*i87                     ( 

[48)— 0 -151 

(82)=+o-665 

(i5)=4-o726                     ( 

[49) =-0-094 

(83)=-o-498 

(i6)=-|-o-27i                      ( 

,50)— +0-316 

(84)=+!  *o66 

(17)=— 0*297 

[50=— I  *025 

(85)=-o*857 

(i8)=-|-o-i34                     { 

[52)=+!  -992 

(86)=— 0  -104 

(i9)=-o-35i                     ( 

[53) =-0-285 

(87) =+0-520 

(20)—- 1-0-384                     ( 

[54)=— 0 '024 

(88)=-o-433 

(21)=— 0-508                     \ 

;55)=+o-5o8 

(89)=+o-io3 

(22) =-[-0-475                     I 

[56)=— 0-296 

(90)=— 0 '086 

(23)=— 0-919                     ( 

[57)=+o-097 

(9i)=+o-i64 

(24)=4o-i34                     I 

[58)=    0-274 

(92)=+0-222 

(25)==-o*388                     ( 

[59)-    0-948 

(93)  =  — 0-526 

(26) =4-0 -246                     ( 

[60)— 0  -566 

{94)=+o-327 

(27)=-ro-i77                     ( 

• 

;6i)=  f  0*266 

(95)=    0-187 

(28)=— 0-293                     ( 

[62)=+i  -163 

(96)=-o-625 

(29)=  f  I -043                     ( 

[63) =+0-359 

(97)=-f-o-977 

(3o)=-o-333                     ( 

[64)=— I  -206 

(98)= -0*169 

(31)=— 0-518 

(65)=+o-578 

(99)=+o-357 

(32)=— 0 -211 

(66)=— 0-826 

(100)  =+0-096 

(33)=    0-184 

[67)=-o-234 

(ioi)=— 0*279 

(34)=-f  I  -245                     ( 

[68)— +1-689 

(102)=— 0*358 

103 

104 

105 

106 
107 

108 

109 
no 
III 

112 

"3 

114 

116 
117 
118 
119 

120 

I2T 
122 
123 
124 

125 
126 
127 
128 
129 
130 

131 
132 

133 
134 


=+0  *i39 
=+0*171 
=  +0  *o94 
=  -o  '404 
=+0*535 
=-0*567 
=+0*079 
=—0*309 
=+0*262 
=+0  -261 
=-0*403 
=+0*311 
=+0  -225 
=— o  *94o 
=+0-548 
=— o  -308 
=+0-165 
=— o  -229 
=+0  -372 
=—0*940 
=+0*276 
=  +0  *289 
=—0*103 

=-0  -395 
=+0*873 
=—0*132 
=  -2*239 
=+0  *442 
=—2  -446 
=—0-370 
=—0*094 
=+0*115 
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(^)  Adjusted  triangles^  Missouri, 


No. 


I  < 


Stations. 


>f organ 
Mi  noma 
Insane  Asvlum 


Morgan 
2  {   Insane  Asylum 
Kleinschmidt 


Patterson 

3  {   Morgan 
Insane  Asylum 

Patterson 

4  {   Morgan 
Kleinschmidt 

Patterson 

5  \  Insane  Asylum 
Kleinschmidt 

Kessler 

6  {   Morgan 
Insane  Asylum 

Kessler 

7  \  Morgan 
Patterson 

Kessler 

8  {  Insane  Asylum 
Patterson 


Tavern  Rock 

Morgan 

Kessler 


Obs< 

irve< 

I  angles. 

Correc- 
tion. 

ical 
angles. 

ical 
excess. 

T  rv«  r         Distances  in 
^^  '•            metres. 

0 

/ 

// 

// 

// 

// 

52 

31 

52*47 

—2-95 

49*52 

0*09 

4-025  166  I 

10  596  '59 

73 

57 

42-44 

-0-58 

41  -86 

O'lO 

4  -108  280  8 

12  831  -60 

53 

30 

28-85 

-1-0-05 

28-90 

0-09 
0-28 

4  -030  746  3 

• 

10  733  -62 

03-76 

34 

47 

02 -68 

-fi*48 

04-16 

0-12 

4  065  715  2 

I I  633  63 

106 

13 

18-31 

— 005 

18-26 

0-I2 

4-291  822  7 

19  580  -45 

38 

59 

39  80 

1-86 

37*94 

0-12 

0-36 

4  -108  280  6 

12  831  -59 

00 -79 

27 

55 

43*13 

-0-57 

42  56 

0-28 

4-108  280  7 

12  831  '60 

80 

53 

32-12 

-^-1-60 

33*72 

0-27 

4  -432  183  7 

27  051  -02 

71 

10 

43*91 

-fo-64 

44*55 

0-28 
0-83 

4  *4i-3  828  3 

25  931  *54 

► 

59 '16 

48 

47 

31*64 

—0-14 

31*50 

031 

4  -291  822  7 

19  580  -45 

46 

06 

29-44 

-f-o-12 

29-56 

0-31 

4  -273  142  5 

18  756-10 

85 

05 

58-51 

+  1*36 

59*87 

0-31 

093 

4  -413  828  2 

25  931  *53 

59*59 

f 

20 

51 

48-51 

-fo-43 

48-94 

0*15 

4*065  715  2 

II  633  63 

35 

02 

34*40 

—0*69 

33*71 

015 

4  -273  142  7 

18  756-11 

124 

05 

3831 

—0-50 

37 -81 

0-16 
0-46 

4  -432  183  8 

27  051  -03 

01  -22 

26 

33 

0978 

-fo-74 

10-52 

0-16 

4-108  280  7 

12  831  -6") 

118 

31 

54  "47 

+2-51 

5698 

0-15 

4-401  715  I 

25  218-26 

34 

54 

52-77 

-f0-20 

52  97 

0-16 

0-47 

4-215  616  4 

16  429-20 

57-02 

104 

31 

57*30 

—0-16 

57*14 

0*22 

4  -413  828  2 

25  931  "53 

37 

38 

22  35 

+0-91 

23  26 

0'22 

4  -213  774  4 

16  359  "66 

37 

49 

40-71 

-0-45 

40-26 

0-22 
0-66 

4-215  616  3 

16  429-20 

00  36 

77 

58 

47*52 

—0-89 

46-63 

o*34 

4  -432  183  7 

27  051  -02 

36 

15 

51 'U 

+0-44 

51*58 

0*34 

4  -213  774  4 

16  359  -66 

65 

45 

23*84 

—  I  -03 

22-81 

o*34 
I  -02 

4*401  715  I 

25  218*26 

02  -50 

II 

57 

5676 

+1  -05 

57 -81 

0*09 

4  -215  616  4  ■ 

16  429  -20 

II 

41 

41*90 

-I  *39 

40-51 

0*09 

4*205  792  2 

16  061  '73 

156 

20 

22*77 

—0-82 

21*95 

0-09 

4  *502  439  2 

31  800-88 

01-43 


0*27 
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{d)  Adjusted  triangles,  Missouri — Continued. 


No. 


i<> 


Stations. 


Tavern  Rock 

Morgan 

Patterson 


Observed  angles. 


Correc    SP^f  -  SP^f - 

tion  *  ^ 

angles,  excess. 


// 


52  51  02  -39 
49  20  04  -25 
77    48    54 'Si 


m 

01-45 

1*59 

Tavern  Rock 

40 

53 

05  63 

—0*52 

05*11 

0*22 

II 

Kessler 

99 

07 

39*93 

+0*98 

40*91 

0*22 

Patterson 

39 

59 

14*10 

-fo*54 

14*64 

0*22 

59-66 

0-66 

Lynch 

74 

23 

18 -20 

4-i'43 

19*63 

o*34 

12 

Tavern  Rock 

46 

27 

1709 

+0-63 

17*72 

033 

Patterson 

59 

09 

22*44 

+  1  -21 

23*65 

0-33 

57  73 

I  -00 

Halleck 

67 

41 

32  99 

+o*57 

33*56 

0*30 

13 

Tavern  Rock 

48 

56 

08 -18 

— 0*07 

08*11 

0-30 

Lynch 

63 

22 

18*90 

+0-33 

19-23 

030 

00*07 

0*90 

Dieckhaus 

53 

57 

56*33 

-fo*88 

57*21 

0*31 

14   . 

Tavern  Rock 

87 

50 

06*22 

+o*8o 

07  *02 

0-32 

Lynch 

38 

II 

56*68 

+0*03 

56*71 

0-31 

59*23 

0*94 

Dieckhaus 

88 

47 

52*54 

-f-o*94 

53*48 

0*19 

15 

Tavern  Rock 

% 

38 

53 

58*04 

+0*87 

58*91 

0*19 

.  Halleck 

52 

18 

08-47 

—0*29 

08 -18 

0-19 

59*05 

0-57 

Dieckhaus 

34 

49 

56*21 

+0*05 

56-26 

o-i8 

16 

Lynch 

25 

10 

22  '22 

+0*31 

22*53 

o-i8 

.  Halleck 

119 

59 

41*46 

+0*28 

41*74 

0-17 

59*89 

o*53 

Peters 

22 

59 

54 'lo 

—0*17 

53*93 

o-i8 

17    ' 

Dieckhaus   - 

133 

19 

0671 

+1*35 

08*06 

o*i8 

Tavern  Rock 

23 

40 

57 '21 

+1*34 

58*55 

0*18 

58  02 

o*54 

Peters* 

50 

17 

0853 

+o*o8 

08 -61 

0*13 

18  < 

Dieckhaus 

44 

31 

14*17 

4-0-41 

14*58 

0*14 

.  Halleck 

85 

II 

36*93 

-fo-29 

37*22 

0*14 

59*63 


+0*53 
— o'47 
-Ho -08 


02  -92      o  '53 

03  78      o  53 
54  89      o  '53 


Log  J. 

4  -413  828  2 
4  392  304  2 
4  "502  439  o 


Distances  in 
metres. 


0*41 


25  931  53 
24  677  -67 

31  800*87 


4  213  774  4  i6  359  -66 

4  '392  304  2  24  677  67 

4  '205  792  I  16  061  '72 

4  392  304  2  24  677  -67 

4  -268  865  6  18  572  -29 

4  -342  404  6  21  999  09 

4-342  404  6  21  999*09 

4*253  541  9  17  928*42 

4*327  493  3  21  256*58 

4  -342  404  6  21  999  -09 

4  "434  325  3  27  184  -75 

4  -225  901  2  16  822  *9i 

4*327  493  3  21  256*58 

4*125  519  7  13  351*18 

4  *225  901  I  16  822  '91 

4  "253  541  9  17  928  "42 

4*125  519  6  13  351-18 

4  *434  325  3  27  184  -75 

4*225  901  2  16  822*91 

4*495  915  3  31  326*75 

4  -237  928  I  17  295  -30 

4*125  519  7  13  351*18 

4*085  279  I  12  169*68 

4  237  928  I  17  295  -30 
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(if)  Adjusted  triangles^  Missouri — Continued. 


No.  Stations. 

f  Peters 

Dieckhaas 
.  Lynck 


19 


Observed  angles. 

Of  ff 

65     19    39" 
79    21     10  '38 

35     19    09 '97 


59 '47 

I -17 

Peters 

27 

17 

14*43 

+0-25 

14-68 

0-I5 

20 

Tavern  Rock 

15 

13 

00-83 

-0-47 

00-36 

0-15 

.  Halleck 

137 

29 

45*40 

0-00 

45*40 

0-14 

00 '66 

0-44 

Peters 

42 

19 

45-02 

-i- 1  -28 

46  30 

0-52 

21 

Tavern  Rock 

64 

09 

09-01 

-0  '54 

08-47 

0-52 

Lynch 

73 

31 

06-65 

-fo-i5 

06 -So 

o*53 

c»-68 

1*57 

Peters 

15 

02 

30*59 

+1*03 

31-62 

o-oi8 

22 

Halleck 

154 

48 

41  -61 

—0-56 

41*05 

0-08 

Lynch 

10 

08 

47*75 

— o-i8 

47*57 

o-o8 

59*95 

0*24 

Enochs  Knob 

36 

50 

47-02 

4-0-26 

47*28 

0-19 

23 

Dieckhaus 

94 

25 

.  52  -64 

0*93 

51*71 

0*19 

Halleck 

48 

43 

21  -41 

+0-17 

21-58 

0*19 

01  -07 

0-57 

Enochs  Knob 

67 

04 

54*73 

+079 

55*52 

0-19 

24 

Dieckhaus 

49 

54 

38*47 

-1*35 

37*12 

0-18 

.  Peters 

63 

00 

27-50 

-fo-42 

27  -92 

0-19 

00-70 

0-56 

Enochs  Knob 

30 

14 

07-71 

+0-53 

08-24 

0-14 

25 

Halleck 

36 

28 

15*52 

+0-12 

.15  -64 

0-14 

Peters 

"3 

17 

36-03 

4-0-50 

36*53 

0-13 

59*26 

0*41 

Jacobs 

44 

39 

46  94 

4-1*92 

48-86 

0-2I 

26 

Enochs  Knob 

63 

12 

38*45 

— o-8o 

37*65 

0-21 

Peters 

72 

07 

33*39 

4-0-73 

34  "12 

0-21 

58*78 

0-63 

Berger 

7 

16 

09*33 

-0-68 

08-65 

0-04 

27 

Dieckhaus 

5 

56 

37*68 

4-3 -02 

40-70 

0*04 

Enochs  Knob 

166 

47 

II  -16 

-0-38 

10-78 

0-05 

58-17 


Correc- 
tion. 

// 

4-1  -11 
+0-47 

4-0 -12 


Spher-  Spher- 
ical ical 
angles,  excess. 

»  ff 

40  23  o  -39 

10  -85  o  -39 

10  -09  o  -39 


Log^. 


Distances  in 
metres. 


0-13 


4  "434  325  3 
4  '468  357  9 
4  -237  927  9 


27  184-75 
29  400  -72 
17  295-29 


4  '327  493  3  21  256  -58 

4-085  279  I  12  169-68 

4*495  915  2  31  326-74 

4  -342  404  6  21  999  -09 

4-468  357  8  29  400-71 

4  '495  915  I  31  326  '73 

4  -253  541  9  17  928  -42 

4-468  357  8  29  400-71 

4  '085  279  o  12  169  -68 

4  *I25  519  7  13  351  '18 

4  '346  305  9  22  197  -59 

4  '223  549  I  16  732  -05 

4  -237  928  o  17  295  '29 

4  '157  320  8  14  365  -50 

4  '223  549  I  16  732  -05 

4-085  279  I  la  169*68 

4  *I57  320  9  14  365  -50 

4  -346  306  o  22  197  -60 

4  -157  320  8  14  365  '50 

4  -261  091  2  18  242  79 

4  -288  917  I  19  449  -89 

4  '223  549  I  16  732  -05 

4  -136  581  7  13  695  -62 

4  '480  404  o  30  227  '62 
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(^)  Adjusted  triangles,  Missouri — Continued. 


No. 


Stations. 


Berger 

28 . 

Dieckhaus 

[  Peters 

Berger 

29 

Enochs  Knob 

Peters 

Berger 

30 

Enochs  Knob 

Jacobs 

Berger 

31  ^   Peters 
Jacobs 

Winter 

32  I   Berger 

Jacobs 

Gasconade 

33  \  Berger 
Jacobs 

r  Gasconade 

34  I   Berger 
Winter 

Gasconade 

35  {  Jacobs 
Winter 

Turnpike  Bluff 

36  {   Gasconade 
Winter 


Observed  angles. 

34  53  53*96 
55  51  16-15 
89     14    49  75 


Correc  ^phe-    Spher- 


59*86 

27  37  44  '63 

126  07  54*11 

26  14  22  '25 


00 '99 
22  47  '40 
55  15  "66 
42  41  55*34 


74 
62 


58-40 
46  45  02-77 

45  53  11*14 
87  21  42  -28 


56-19 
60  57  1509 
45  13  55  72 
73    48    48-01 


58-82 

47    32    33*85 

93  14  33*91 
39  12  51-65 


59*41 

81  30  04*55 
48  00  38-19 

50  29  16  -91 


59*65 

33  57  30*70 

34  35  5636 
III  26  32-00 


59  06 

49    40    55*91 
100    39     12  -31 

29    39    52  -22 

00-44 


tion. 

// 
—0-29 

+  1-68 

—0-15 

4-0-38 
—0-41 
—0-56 

4-1  -22 
4-0-39 

-f-o  -59 

-fo-83 
-fi-29 

+2-52 

-fo-54 
4-0-90 

4-0-38 

4-2-60 
-fo-09 

—  I  -40 

4-0-80 

~o-8o 
4-0-92 

—I  -80 
f  I  -78 
4-1-47 

+  I-04 
—0-07 

—  1*05 


angles,    excess. 


Log  J. 


// 
53*67 
17*83 
49*60 

45*ox 
53*70 
21  -69 

48 -62 
16-05 

55*93 

03-60 

12-43 
44*80 

15*63 
5662 

48-39 

36-45 
34 'oo 

50-25 

05*35 
37*39 

17*83 

28*90 

58-14 
33-47 

56-95 

12*24 
51*17 


0-37 

0-37 
0-36 

I  -10 
0-13 
0-14 
0-13 

0-40 
0-20 
0'20 
0-20 

0-60 
0-28 
0-28 
0-27 

0-83 
0-21 
0*21 
0-22 

0-64 
0-23 
0-24 
0-23 

0-70 
0-19 
0-19 
0*19 

0-57 
0-17 

0*17 

0*17 

0*51 
0-I2 
0-12 
0*I2 

0-36 


Distances  in 
metres. 


4  -237  928  o 
4  -398  271  5 
4  -480  403  9 


1 7  295  -29 
25  019-0^ 
30  227*62 


4  -157  320  8  14  365  -50 

4  -398  271  6  25  019  -10 

4  *I36  581  8  13  695  -62 

4-288  917  I  19  449*89 

4-254  835  I  17  981-88 

4  -136  581  8  13  695  -62 

4  -261  091  2  18  242  '79 

4  -254  835  2  17  981  -88 

4-398  271  6  25  019*10 

4  -254  835  I  17  981  *88 

4-164  447  I  14  603-17 

4  -295  641  6  19  753  *39 

4  -254  835  I  17  981  -88 

4  -386  207  I  24  333  -64 

4  -187  769  5  15  408  -82 

4  -295  641  6  19  753  '39 

4-171  580  7  14  845*02 

4*187  769  2  15  408-81 

4-164  447  I  14  603*17 

4  171  580  7  14  845-02 

4  -386  207  2  24  333  -65 

4 -171  580  7  14  845-02 

4  -281  806  9  19  134  -05 

3  983  888  9  9  635  -82 
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{d)  Adjusted  Mangles,  Missouri — Continued. 


No. 


Stations. 


37 


Geyer 

Turnpike  Bluff 
Gasconade 


Geyer 

38  {  Turnpike  Bluif 
Winter 


Geyer 
39  {   Gasconade 
Winter 


Bradford 

40  {  Turnpike  Bluff 
Gasconade 

''  Bradford 

41  {  Turnpike  Bluff 
Winter 

Bradford 

42  {  Turnpike  Bluff 
Geyer 


43 


f  Bradford 
Gasconade 
Winter 


Bradford 

44  {   Gasconade 
Geyer 

Bradford 

45  {  Winter 
Geyer 


Observed  angles. 

o  /  // 

29  23  26  '55 
96  40  21  27 
53  56  13  'U 


00*96 
78  36  17-82 
46  59  25-36 
54  24  18  -19 


01-37 
49  12  51  -27 
46  42  59-17 
84  04  10*41 


00-85 

2  56  49*38 

J71  38  43*51 
5  24  27  -26 


00-15 

30  17  34  '39 
121  57  47 '60 

27  44  38*97 


00-96 
48  32  18  -62 
74  58  22  -24 
56  29  20-16 


01  -02 
27  20  45  -01 

95  14  45*05 
57  24  31  -19 


OT  -25 
45  35  29-24 
48  31  45*88 
85  52  46-71 


01-83 

18     14    44-23 

26    39    39  22 

235    05    37-98 

01  '43 


Co."--  ^?^^-  'f^r 

tion.  , 

angles,    excess. 


// 
4-0  -54 

— 0*I2 
-0-99 

-1-0  -35 

-I -16 

•     O  -OQ 


—0-19 

+0  -93 
—  I  '05 


// 
27  -09 

21  -15 

12*15 

i3*i7 
24-20 
18-19 

51*08 
60*10 
09*36 


013 
0-13 
0-13 

o*39 
0-18 

0-19 

0-19 

0-56 
0*18 
0*18 
0*18 


o*54 
-f  I  '603  50  *983  o  '02 1 
— 0-4S0  43*030  0*021 
—  I -210  26*050  0*02I 


+0-46 
—  I  '52 

4-0*83 

+0-98 
—0*36 

-o*95 

-1*15 
-fi*i4 

—0*22 

—0*62 
4-0*22 
—0*42 

4-0  *53 
-0*83 
—0*61 


34*85 
46-08 

39-80 

19*60 
21  -88 
19*21 

43*86 
46*19 
30*97 

28*62 
46*10 
46*29 

44*76 

38*39 

37*37 


0*063 
0*24 
0-25 
0*24 


o*73 
0*23 

0*23 

0-23 

0-69 
0-34 
0*34 
o*34 

I  *02 
0*34 

o*34 
o*33 

I  *oi 
0*17 
0-17 
0-18 

0-52 


Log^. 

3  -983  888  9 

4  -290  064  3 
4  *2oo  624  5 

4-281  806  9 

4*154  509  8 
4-200  624  5 

4*171  580  7 

4*154  509  8 
4  *290  064  4 

3  -933  888  9 
4*435  020  r 

4  -246  958  2 


Distances  in 

metres. 


4*171  580  7 
4  -507  610  3 
4  *435  019  9 


4  '154  509  8 
4*310  797  4 
4-507  610  6 


9  635  '2 

19  501  •:.3 

15  S71  -74 


19  134*03 

14  272  -82 

15  871  -74 


14  845  'C2 

14  272  -32 
19  501  'ZA 


9  635  *32 
27  228  *27 
17  658 -Gii 


4  -281  806  9  19  134  -05 

4  -507  610  4  32  181  -81 

4  -246  958  2  17  65S  -68 

4  *2oo  624  5  15  871  *74 

4*310  797  I  20  454  89 

4-246  958  3  17  658*68 


14  845  *02 
32  181  '?o 

27  223  -26 


4  -290  064  4  19  501  '34 
4*310  797  2  20  454*89 
4  *435  020  I   27  228  *27 


14  272  *82 

20  454  90 
32  181  '82 
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(flf )  Adjusted  triangles,  Missouri — Continued. 


46 


47 


No.  Stations. 

Pilot  Knob 
Bradford 
Turnpike  Bluff 

Pilot  Knob 

Bradford 

Geyer 

Pilot  Knob 
Turnpike  Bluff 
Geyer 

McDaniel 
Bradford 
Pilot  Knob 

Kennedy 
McDaniel 
Pilot  Knob 


48 


49 


50 


Cedar 

51  {   Bradford 
McDaniel 

Cedar 

52  {   McDaniel 
Kennedy 


53 


54 


Belshe 

Cedar 

Kennedy 

Moreau 

Cedar 

Kennedy 


Observed  angles. 

o  /  // 

30    08    45-12 

103     17    45 '81 

46    33    30*53 


01  '46 
50  35  2593 
54  45  27-19 
74    39    07*26 


00-38 

20    26    40  *8i 

28    24    51  -71 

131    08    27  -42 


59*94 

III     27    01  -co 

35    02    45-56 

33    30    15  '62 


02-18 
37  10  29  -58 
85  42  50*95 
57    06    39-17 


5970 
28  02  53  69 
58  02  56-54 
93    54    11-64 


01  -87 
46  23  46  65 

68  55  56-41 
64  40  18  -oo 


01  -06 

53  41  30-23 
50  58  19*36 
75  20  12  -63 


02  -22 
53  02  17  -25 
80  07  37  -82 
46  50  07-75 

02*82 


Correc- 
tion. 

ff 
+0-85 
4-0-72 
—  r  -92 


—0-51 

+1-56 
-0-33 

—0-50 

-0-37 
-0-75 

+0-57 
+0-54 
4-0-06 

-0-66 
— o-o8 
-008 

4-0-72 
4-0-03 

-0-39 

4-0 '21 
—0-09 
-0-45 


-0-39 
-1*25 

fo-64 


Spher-  Spher- 
ical        ical 
angles,  excess. 

45  97      o  -37 

46  "53      o  -37 
28  -61      o  -37 


+0  -34  26  -27 
— o  -26  26  -93 
-fo  -62      07  -88 


40-30 

53*27 
27  09 

00-50 

45*19 
14-87 

30*15 
51*49 
39  23 

53*03 
56-46 

11-56 

47*37 

56-44 
17  -61 


30-44 

19*27 
12 -18 


16-86 

36-57 
08-39 


1  -II 
0-36 
0-36 
036 

I  -08 
0-22 

0'22 
0'22 

0-66 
018 
0-19 
0*19 

0-56 
0*29 
0-29 
0-29 

0-87 

0-35 
035 
0-35 

1-05 

0-47 
0-48 

0-47 

I  -42 
0-63 
0-63 
0-63 

1-89 
o-6i 
o-6o 
o-6i 

1-82 


Log  5. 

4  -246  958 
4  534  276 
4  *f  07  055 

4  *3io  797 
4  *334  897 
4  '407  055 

4-200  624 
4  334  897 
4  -534  276 

4  "407  055 

4*197  315 
4-180  164 


Distances  in 
metres. 


3  17658-68 
6  34  219-73 
o  25  530-25 

2  20  454  -89 

4  21  622  -07 
o  25  530-25 

5  15  871  -74 

2  21  622  '07 

6  34  219-73 

o  25  530-25 

3  15  751  -26 

5  15  141  '35 


4*197  315  3  15  751*26 
4  -414  881  9  25  994  -53 
4  -340  233  8      21  889  -40 


4-180  164  5 

4  -436  524  I 
4  -506  863  6 

4  -340  233  8 
4  -450  372  5 
4  *436  524  o 


15  MI  *35 

27  322  73 

32  126-51 

21  889-40 

28  208*01 
27  322  '72 


4  '450  372  5  28  208  x>i 

4  -434  452  5  27  192  -71 

4  529  742  I  33  864  -30 

4  -450  372  5  28  208  01 

4-541  327  5  34  779*83 

4  -410  769  2  25  749  -52 
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d  ^  Adjustrd  triamgles.  Missouri — C<wnpleted, 


No. 


55 


r  Moceaa 

56 

Kennedy 

Belshe 

Morean 

57 

Belshe 

High  Point 

Mofcan 

58 

Belshe' 

Christian 

Moreau 

59 

High  Point 

Christian 

Medlock 

60 

Cedar 

Belshe 

Medlock 

61 

Cedar 

Moreau 

Medlock 

62 

Belshe 

Moreau 

Medlock 

63 

Belshe 

Christian 

Medlock 

64 

Moreau 

Christian 

Observed  angles, 

103   03   06  '64 

29    09    iS  *46 

47    47    35  48 

00*58 

50    00    49*39 
2S    30    04  88 

loi     29    Q5  71 

59-98 
79  54  0954 
44  33  6055 
55    31    52  14 

02  23 
141    49    21  *$i 

18  II    3276 

19  59    0659 


<:««-  "^'^ 


01  "16 

61 

55 

12*27 

—I -Si 

62 

24 

21  '82 

+0  44 

55 

40 

25 '54 

4-2  24 

59  63 
88    14    46-23 

61    08     27  -52 

30  36    46-48 

00-23 
108    35     16  '95 

31  59    0906 

39    25    33 'O' 

59*02 

20    20    30  -72 

17     lo    49  -oo 

142     28    39  -65 

59*37 
75    09     10  -42 

35    22     21  -76 

69    28    29*19 

01*37 
54    48    39*70 

75    41 '58-54 
49    29    22  -60 

cx)'84 


tion. 
-0-6S 


-1-17 


-2 '35 


angl 


Ixjgj. 


•29 
—I  -lo 

--2  56 

-fi-27 
-2-45 

-o*44 

-0-54 
-2-45 
4-2-34 


-fo-47 
4-0-32 

-fo-28 

-fo-oS 

4-1-49 
-fo'oi 

—0-40 
4-2-08 
—0-67 

4-0 -21 

-o*37 
4-0-13 

40 -60 

4-1  -22 
—  2  '11 


05-96 
17-29 

49-10 

03  78 
08*27 

10-81 
58  10 
51*70 

21  -27 

30*31 
08-83 

10*46 
22-26 

27*78 

4670 

27*84 
46-76 

17*03 

10-55 
33*02 

30  32 
51*08 
38-98 

10-63 
21-39 
29*32 

40*30 

59*76 
20*49 


0*36 
0*36 
0*36 

1X)S 
038 
0-3S 

0*39 
1*15 

0-21 
0-20 
6-20 

0-61 
0-13 
0*14 
0-14 

0-41 
0*17 
0*16 
0*17 

050 
0-44 

0-43 
Oji3 
1  -30 

0-20 

0-20 
0-20 

o-6o 
0-13 
0-13 

0-I2 

0-38 
0-44 

0-43 
0^5 

1*34 
o*i8 

0-19 

o*i8 

0-55 


4  -529  742  1 
4  22S  78S  5 

4  410  769  2 

4  434  452  5 

4  -228  78S  6 

4  541  327  5 

4  305  S54  3 
4  -158  S04  1 
4-228  78S  2 

4  486  091  7 
4*189  463  o 
4-228  788  3 

4  1S7  515  2 
4*189  463  o 

4  -158  804  2 

4  -529  742  1 
4  472  355  4 
4  ^236  863  6 

4  4IO  769  2 
4-158  078  8 
4  -236  863  6 

4-228  788  2 
4*158  078  5 
4  '472  355  o 

4-486  091  7 
4  *263  435  o 
4  -472  355  I 

4  -189  463  o 
4  -263  434  9 
4  -158  078  5 


Distances  in 
metnMk 


33  ^  30 
16  935  >3 
25  74Q  52 

27  19271 

i6  935*13 

34  779  83 

20  223*41 

14  414  65 

16  935  12 

30  626*10 

15  469  "03 

16  935*12 

15  399  80 

15  469  '03 
14  414  -65 

33  864  30 

29  67t  59 

17  252*96 

25  749  52 
14  390-60 

17  252-96 

16  935*12 

M  390-59 

29  672  -56 

30  626*10 

18  341-51 
29  672  '56 

i5  469-03 
18  341  -50 

'4  390  '59 
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(e)    The  precision  of  the  adjusted  triangulatioji. 

To  get  a  close  estimate  of  the  precision  of  this  triangulation,  we  determine  first  the 

mean  error  of  an  angle  resulting  from  the  adjustment.    We  have  nt  =  ^  -J=E — i^  where 

/>  =  I  and  [vv]  =  62'45  and  c  —  65;  hence  m  =  ±:  i"'39. 

The  probable  error  in  length  of  any  line  of  the  series  due  to  the  angular  measures 
is  found  by  the  usual  formulae — 

''««=  ^  ('^•s.  )"'  ^^a,  [^^.^  -^  ^a6h  +  ^b\  and  ^„„  =  0*674  5'«  ^'sT 

Suppose  the  series  divided  into  three  parts  by  the  lines  Tavern  Rock  to  Lynch  and 
Bradford  to  Pilot  Knob,  and  compute  the  probable  error  in  length  of  each  of  these 
lines.  For  the  former  we  have  (^a„  =  19*8.  Starting  from  the  side  Insane  Asylum  to 
Kleinschmidt  of  the  American  Bottom  Base  Net,  we  have  ^  =  22*8  (4  triangles), 
ea^  =  ±0*185  metre,  eb=  ±0*286  metre,  and  e^  =  ±0*341  metre.  Starting  from  the 
side  Christian  to  Belshe  of  the  Versailles  Base  Net,  we  have  ^  =  95*2  (15  triangles), 
ea^  =  ±  o'377  metre,  et=  ±:  0*086  metre,  and  e^=  zkz  0*387  metre. 

Probable  error  of  Tavern  Rock  to  Lynch  as  a  side  of  the  adjusted  triangulation, 

e  e 
e  =  -r  '  '-  -  =  ±0*256  metre,  or  about  gj^joo  P^^^  of  the  length.     Similarly,  for  the 

side  Bradford  to  Pilot  Knob  S^^  =  17  in  units  of  the  sixth  place  of  decimals  in 
the  logarithm.  Starting  from  the  side  Insane  Asylum  to  Kleinschmidt  2  =  84*3 
(13  triangles),  ^a„  =  ±0*413  metre,  et  =  ±0*332  metre,  and  e^  =  ±0*530  metre. 

Starting  from  the  side  Christian  to  Belshe  2  —  337  (6  triangles),  Ca^  =  ±0*261 
metre,  ^6  =  ±  o"  100  metre,  and  e^=  ±0*280  metre.     Probable  error  in  length  of  Bradforc 

€   € 

to  Pilot  Knob  as  a  side  of  the  adjusted  triangulation  e  —  -1- '  ^   -  =  ±  0*248  metre,  or 

V^J  +  e] 

about  tosSoo  part  of  the  length. 

The  effect  on  the  arc  is  approximately  (the  distances  being  measured  along  the 

thirty-ninth  parallel  between  the  projections  of  the  middle  points  of  the  terminal  lines) — 

Terminal  lines. 

Insane   Asylum  and  Kleinschmidt  to 

Tavern  Rock  and  Lynch 
Tavern  Rock  and  Lynch  to  Bradford        90 

and  Pilot  Knob 
Bradford  and  Pilot  Knob  to  Christian         60 

and  Belshe 

1 88  Sum  rbi-Ss 


Distance. 

Probable 

errors. 

Average. 

km. 

m. 

38 

77     OOff 

FJ-Voa 

Sr-^TTJTJ 

±^o'A^ 

90 

Ry^ojjff 

Tffy-^^off 

^T^cjm 

0-96 

60 

nyy^ujy 

255"^I575TT 

TT7"Sj?T5 

0*42 
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7.    THE   MISSOURI-KANSAS^  SERIES   OF  TRIANGLES,    1880-189O. 

(a)  Introdiidion, 

Between  the  Versailles  Base,  which  is  located  about  the  middle  line  of  the  Stat e^  of 
Missouri,  and  the  Salina  Base,  which  occupies  a  similar  relative  position  in  the  State  of 
Kansas,  the  triangulation  gradually  ascends  the  Western  plains  with  a  narrow  and 
uniform  width  imposed  upon  it  by  the  absence  of  any  marked  elevations  above  the 
general  level.  The  work  was  in  charge  of  Assistant  F.  D.  Granger,  and  its  extent 
between  the  sides  of  the  base  nets  and  measured  along  the  axis  of  the  triangulation  is 
nearly  400  kilometres,  or  about  248  statute  miles. 

The  general  character  of  the  ground  traversed  by  the  belt  of  triangulation  is  open 
and  rolling,  well  settled  in  the  eastern  half  with  a  large  percentage  of  land  under 
cultivation ;  in  the  western  part  the  settlements  are  more  sparse  with  land  either  under 
cultivation  or  fenced  in  for  cattle  ranges. 

The  ground  rises  gradually  from  about  i  050  feet  above  the  sea  level  near  Versailles 
to  about  I  250  feet  near  Salina.  The  theodolite  was  elevated  at  nearly  every  station 
throughout  the  entire  series — its  average  height  above  the  ground  being  25  feet,  but  at 
a  number  of  stations  its  elevation  approximated  57  feet,  and  at  one  place  only  was  it 
greater  than  this  (105  feet  at  Hughes).  The  signals  employed  upon  the  work  were 
poles  20  feet  long  and  4  inches  in  diameter,  heliotropes  being  rarely  required  except  on 
the  longer  (diagonal)  lines  during  smoky  weather.  A  direction  theodolite  (35  centi- 
metres in  diameter)  was  used  for  the  observations,  and  measures  were  made  in  17 
positions  of  the  azimuth  circle,  with  two  series  (Z>.  and  R, )  in  each  position.  As  a  rule 
the  observations  were  pursued  during  the  afternoon  hours  every  favorable  day.  Zenith 
distances  and  vertical  angle  measures  for  differences  of  heights  were  carried  through  the 
entire  work. 

(J>)  Abstract  0/  resulting  horizontal  directions  at  each  station,  from  local  and  from  figure 

adjustments,  1880,  188 2-^3-^ 4,-85,  1887-88-89-90. 

Hubbard,  Morgan  County,  Missouri.     October  29  to  November  12,  1880.     35-centitnetre  theodolite, 
No.  10.     Telescope  above  ground  13*99  metres.     F.  D.  Granger  and  T.  P.  Borden,  observers. 


No.  of 
direc- 
tion. 

Objects  observed. 

Resulting  directions 
from  station 
adjustment. 

Approxi- 
mate prob 
able  error. 

Corrections 

from 

base-net 

adjustment. 

from 

base-net 

and  figure 

adjustment. 

Pinal 
seconds 
in  trian- 
gulation. 

0 

f 

// 

// 

// 

/r 

// 

Cole 

0 

00 

00 'OO 

ztio-io 

-i-o-27 

00-27 

High  Point 

19 

27 

23-21 

o-l6 

o*95 

22-26 

Versailles  North  Base 

55 

58 

59*68 

0-14 

-TO -57 

60-25 

Hughes 

82 

13 

13*27 

0'i6 

4-0-31 

13-58 

3 

Schnackenberg 

125 

22 

11*35 

o-l8 

-035 

II  'OO 

Sedalia  Spire 

166 

10 

13*78 

0'22 

4 

Heard 

168 

31 

22*35 

0*17 

+0-28 

22-63 

Christian 

350 

25 

26 '60 

0*14 

—0-20 

26*40 

Probable  error 

of  a  single 

observation  of  a  direction  {D. 

and  R. )  = 

d=o''-9o. 

T  ft  •?  T  *>  .          ^T/^         J  .         _ 

<■  T 

10732      rMO.  4 

31 

482 
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(^)  Abstract  of  resulting  horizontal  directions  at  each  station,  from  local  and  from  figure 
adjustments,  1880,  1882-83-^4-85,  1887-88-8^90 — Continued. 

Hughes,  Morgan  County,  Missouri.     September  8  to  September  26,  1880.     35-centimetre  theodolite, 

No.  10.     Telescope  above  ground  32*  19  metres.     F.  D.  Granger,  observer. 


No.  of 
direc- 
tion. 


Objects  observed. 


Resulting  directions  Approxi- 
from  station  mate  prob- 

adjustment.  able  error. 


Corrections   ^°^^°°^ 
adjustment,  11%^^^^, 


o 

/ 

// 

ff 

// 

o 

00 

00 'OO 

drO'IO 

—0*04 

33 

10 

50 '59 

0-12 

—0-20 

229 

36 

C9'83 

0-17 

261 

32 

53*97 

0-44 

264 

26 

26-61 

014 

314 

13 

16-91 

0-13 

—0-32 

339 

57 

16-87 

0*14 

— 020 

358 

46 

13*33 

0-2I 

+075 

// 


Pinal 

seconds 

in  trian- 

g^lation. 

// 


+050 


Versailles  North  Base 

Hunter  (Versailles  South  Base) 

Schnackenberg 

Sedalia,  German  Methodist  Church 

spire 
Heard 
Hubbard 
Cole 
Christian 

Probable  error  of  a  single  observation  of  a  direction  (Z?.  and  ^.)  =  rfc  0^^*90. 


59*96 
50  39 
10  33 


•79 


25-82 

16 '59 
16*67 

14-08 


Schnackenberg,   Benton   County,    Missouri.      September   7   to  September  22,    1882.      35-centimetre 
theodolite,  No.  10.     Telescope  above  ground  16*86  metres.     F.  D.  Granger,  observer. 


No.  of 
direction. 

objects  observed. 

7 

Heard 

8 

Hubbard 

9 

Hughes 

5 

High  Point  Tebo 

6 

Kendrick 

Resulting  direc- 
tions from  station 
adjustment. 

Approximate 

probable 

error. 

Corrections 
from  figure 
adjustment. 

Final  seconds 

in  triangu- 

lation. 

0         / 

// 

// 

// 

// 

0     00 

00 -oo 

-»-o-ii 

-fO-2I 

00 -21 

58     46 

54  03 

0-14 

—0-28 

53*75 

III      00 

51*59 

0-14 

-fO-14 

51*73 

288     09 

14-80 

0-13 

4-0-38 

15*18 

314     03 

28-81 

o-i6 

-045 

28-36 

Probable  error  of  a  single  observation  of  a  direction  (/?.  and  R.)  =  =bo^''-S3. 

Heard,  Pettis  County,  Missouri.  October  i  to  October  6,  1880.  35-centimetre  theodolite.  No.  10. 
Telescope  above  ground  16-43  metres.  F.  D.  Granger,  observer.  August  22  to  September  i, 
1882.  35-centimetre  theodolite,  No.  10.  Telescope  above  ground  16-43  metres.  F.  D.  Granger, 
observer. 


12 

Schnackenberg 

Sedalia 

13 

Kendrick 

14 

Knob  Noster 

10 

Hubbard 

II 

Hughes 

0 

/ 

// 

// 

// 

// 

0 

00 

00  00 

-+-o-o8 

+0*29 

00*29 

6i 

55 

43*47 

0*35 

76 

13 

14-27 

0-13 

— 0'02 

14*25 

106 

10 

35*58 

0-15 

-f-oo6 

35*64 

281 

56 

03-80 

o*i6 

— o'i6 

03-64 

325 

51 

06-09 

0-13 

— o-i6 

05*93 

Probable  error  of  a  single  observation  of  a  direction  {D,  and  R,)  =  io^^'Sl, 


m 
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(d)  Abstract  of  resulting  horizontal  directions  at  each  station,  from  local  and  front  figure 
adjustments,  1880,  1882-8^-84-8^^  i88y-88-8g-po — Continued. 

Kendrick,  Pettis  County,  Missouri.     September  26  to  October  3,   1882.     35-centimetre  theodolite, 
No.  10.     Telescope  above  ground  7*44  metres.     F.  D.  Granger  and  J.  E.  McGrath,  observers. 


No.  of 
direction. 


n 


Objects  observed. 


Resulting  direc- 
tions from  station 
adjustment. 


// 


18 
16 


o     00     00  "OO 
86     19    08  -04 


High  Point  Tebo 
Shoemakers  house,  cupola, 

lightning  rod 

Knob  Noster  88  57  59  -87 

Lamont,  Christian  Church  spire  131  28  30 '81 

Heard  200  27  41  -67 

Schnackenberg  258  17  5677 

Green  Ridge  Church  chimney  283  59  21  '96 

Tomlin's  house,  SE.  chimney  351  09  51*26 


Approximate 
probable 
error. 

// 
1^0  '12 
036 

014 
0*40 
o-iS 
0*24 
o  -83 
046 


Corrections      Pinal  seconds 
from  fig^tirc         in  triangu- 
adjustment.  lation. 


// 


r/ 


0*14 


00*14 


—0*14 

<)*i6 
-<)*i6 


59  73 

41*51 
56*93 


Probable  error  of  a  single  observation  of  a  direction  (D.  and  A*. )  =  it:  i^-'to 

Hifj^h  Point  Tebo,  Johnson  County,  Missouri.     October  9  to  October  20,  1882.     35-centimetre  theodo- 
lite, No.  10.     Telescope  above  ground  i6'6i  metres.     F.  I).  Granger,  observer. 


// 


// 


// 


// 


26 
27 


28 
24 


25 


Knob  Noster 

Kendrick 

Tomlins  house,  SK.  chimnev 

Green  Ridge,  Congregational 
Church  chimney 

Schnackenberg 

Windsor  Schoolhouse  cupola 

Caldwell 

High  Point  Tebo  Church  chim- 
ney 

Normal 

Probable  error  of  a  single  observation  of  a  direction  {/).  and  A\)  =  :*:0''''*87. 


0 

00 

00  "(X) 

^O'lO 

—0*29 

59*71 

47 

37 

*t5-97 

0*18 

0*30 

45*67 

51 

09 

26-36 

0*30 

67 

24 

43*11 

0*36 

100 

01 

30  -08 

o*i6 

-fo*25 

30*33 

137 

26 

26  '20 

0*26 

262 

20 

03  -48 

0*12 

-fo  07 

03-55 

314 

II 

32  *97 

0*55 

320 

09 

aS'io 

1 

0*11 

-'•  0  -26 

08*36 

Knob  Noster,  Johnson  County,  Missouri.    October  25  to  November  14,  1882.    35-centimetre  theodolite. 

No.  If).     Telescope  above  ground  7*68  metres.     V.  I).  Granger,  observer. 


21 
22 

23 


o  /              // 

o  00  00  "OO 

33  03  28  71 

78  42  43*55 

80  50  38-68 


// 

ilzO  TO 
0-15 
015 

o*34 


// 
-fo  -24 

-\-o  -40 
— o  -46 


122      39      53-78 

188     28     53  -68 


19 
20 


High  Point  Tebo 

Caldwell 

Normal 

Warrensburg  Old  School  Presbj- 

terian  Church  spire 
Hazel  Hill 

Cooks  Knob,  pole  on  ice  house 
La  Monte,   Campbellite  Church  264     47     35*12 

belfrv 
Heard  278    02     47  '62 

Kendrick  316    35     45  -22 

Shoemaker's  house.  Cupola  light-  322     43     25  -09 

ning  ro<l 
Probable  error  of  a  single  observation  of  a  direction  {D.  and  R.)  =  ^r 0^^-93. 


// 
00  '24 
29  -ir 

43*09 


0*22 

o  -29 

0-31 

o  -14 
016 
046 


-O'lO 

o-o8 


47*52 
45*14 


484 


UNITED   STATES    COAST    AND   GEODETIC   SURVEY. 


(^)  Abstract  of  resulting  horizontal  directions  at  each  station,  from  local  and  from  fgure 
adjustments,  t88o,  1882-83-84.-85,  i88y-88-8^po — Continued. 

Xonnal,  Johnson   County,  Missouri.      June  20  to  July  2,  1883.      35  centimetre  theodolite,  K(».   ro. 

Telescope  above  ground  28*  19  metres.     F .  D .  Granger,  observer. 

No.  of 
direction. 


34 
35 
36 

37 
38 


Resulting  direc- 
Objects  observed.                             tions  from  station 

adjustment. 

Approximate 

probable 

error. 

Corrections 
from  figure 
adjustment. 

Final  seconds 

in  triang^- 

lation. 

0 

/ 

// 

*      // 

// 

// 

Knob  Noster                                          0 

00 

fX)'00 

-^o-ii 

-fO'I  I 

OO'II 

High  Point  Tebo                                 61 

26 

26-69 

0-I2 

-^0*13 

26-82 

Caldwell                                             loi 

09 

51-58 

0-15 

-n-47 

51  -11 

Holden,  Methodist  Church  spire   174 

28 

42-15 

0-39 

Baker                                                    187 

12 

20-35 

0-15 

-^0  -08 

20-43 

Chapel  Hill                                        218 

32 

51-69 

0-I5 

-fo-i4 

51-83 

Hazel  Hill                                          272 

14 

28-35 

0-31 

Warrensburg  PresbyterianChurch  276 

06 

32-04 

0-67 

spire 

Cooks  Knob                                      334 

04 

54-0 

0-38 

Probable  error  of  a  single  observation  of  1 

1  direction 

{D.  and  R. 

) ^-o^''-9r. 

Caldwell,  Johnson  County,  Missouri.     July  n  to  July  19,  1883.      35-centimetre  theodolite,  No.   10. 
Telescope  above  ground  12-80  metres.     F.  D.  Granger  and  J.  E.  McGrath,  observers. 


// 


/'' 


// 


// 


33 

High  Point  Tebo 

0 

00 

00 -co 

-HO -IT 

—0  -07 

59*93 

Windsor  Public  School  flagstaff 

15 

22 

18-50 

0-27 

29 

Hutton  Mound 

179 

50 

51  00 

Q-IO 

-fo-09 

51*09 

30 

Baker 

221 

iS 

16-76 

0-12 

—0*29 

16-47 

Holden  Methodist  Church 

222 

oS 

36  -05 

0-38 

tall  white  spire 

Warrensburg  Presbyterian 

277 

24 

02  57 

o*i8 

Church  spire 

31 

Normal 

277 

32 

2S  -07 

0-12 

-f-O'IO 

28-17 

32 

Knob  Noster 

310 

43 

23-89 

o-ii 

-ho -17 

24-06 

Probable  error  of  a  single  observation  of  a  direction  {D,  and  ^.)  =  dbc/'-68. 

Hutton  Mound,  Cass  County,  Missouri.     July  28  to  August  15,  1883.     35-centimetre  theodolite,  No. 
10.     Telescope  above  ground  5-52  metres.     F.  D.  Granger  and  J.  E.  McGrath,  observers. 


49 
50 


51 


52 


0 

00 

// 
00  -oo 

// 
-+-0-08 

—0-36 

rf 

Fulton                                                    0 

59*64 

Thornton                                             35 

45 

53*25 

0*14 

-fo-24 

53*49 

Staley    Mound,    Staley's    house    39 

48 

37  *33 

0-30 

chimney. 

Baker                                                     68 

01 

20-70 

O'lO 

—0*09 

20-61 

Kingsville  Public  School  cupola     69 

07 

24-90 

0*29 

Holden  Methodist  Church                87 

33 

58-36 

0-46 

• 

tall  white  spire 

Caldwell                                            132 

16 

05-80 

0-16 

-f-0-2I 

06*01 

Austin  Church  spire                         289 

56 

52-41 

0-38 

Probable  error  of  a  single  observation  of  a  direction  {  />.  and  R.)  =  zhc/^'So. 


TRANSCONTINENTAL  TRIANGULATION — PART  III — TRIANGULATION.      485 

(^)  Abstract  of  resultmg  horizontal  directions  at  each  statiofi^  from  local  and  from  figure 
adjustments,  1880,  1882-83-8^-85,  i88y-88-8^go — Continued. 

Baker,  Johnson  County,  Missouri.     September  15  to  September  28,  1883.     35-centimetre  theodolite, 


No.  10.    Telescope  above  ground  7*38  metres.     F.  D.  Granger,  observer. 


No.  of 
direction. 

Objectji 

43 

Thornton 

44 

Chapel  Hill 

39 

Normal 

40 

Caldwell 

41 

Hutton  Mot 

42 

Fulton 

Resulting  direc- 
tions from  station 
adjustment. 

o  /  // 

o     00     00  'OO 

65    09    26  -15 

151     40    60 '55 
189     24     20  "34 

263      42       12 '22 

300    07     28-51 


Approximate 

probable 

error. 

// 
zfco'09 
0-15 
0*14 
o  •19 
o  '12 
o*i6 


Corrections 
from  figure 
adjustment. 

— o*o6 
—0-23 
—0-32 
-T  o  -42 
— o'o6 
-fo-25 


Final  seconds 

in  triangu- 

lation. 


// 


59*94 
25-92 

60-23 

20-76 

12  -16 

28  -76 


Probable  error  of  a  single  observation  of  a  direction  { D.  and  A*. )  =  ;+r  o'''*86. 


Chapel  Hill,  Johnson  County,  Missouri.     October  6  to  October  16,   1883.     35-centimetre  theodolite' 
No.  10.     Telescope  above  ground  16*55  metres.     F.  D.  Granger  and  J.  K.  McGrath,  observers. 


46 

47 
48 

45 


Baker 
Thornton 
Bowler 
Normal 


o  /  // 

o  00  00  -Qo 

58  26  56-61 

80  58  45-80 

297  52  04-88 


// 

Z2Z0-09 
0-I2 
0*I2 
O'll 


-fo-i8 
—0*07 

O'OO 

-0-25 


// 
00 -iS 

56  -68 
04-63 


Probable  error  of  a  single  observation  of  a  direction  (O.  and  A*. )  =  .t:  o'''-65. 


Bowler,  Jackson  County,  Missouri.     July  29  to  August  13,  1884.     35-centimetre  theodolite,   No.  10. 

Telescope  above  ground  8-26  metres.     F.  D.  Granger,  observer. 


65 
66 

67 
68 

64 


Thornton 
Fulton 
Berry 
Marty 
Chapel  Hill 


o  /  // 

o  00  CX)  "OO 

50  05  23  -86 

127  57  45*99 

180  46  17-22 

329  49  33  '21 


// 

nrO  -09 
O  -12 
0-13 
o*i6 
0-14 


// 
-;-0-II 

-o-i8 
—0-24 

•  o*74 
-o  43 


// 

OO'II 

23  -68 

45*75 
17-96 

3278 


Probable  error  of  a  single  obserN'ation  of  a  direction  (/?.  and  R. )  =  :-o'"-76. 


Thornton,  Cass  County,  Missouri.     October  23  to  November  i,  18S3.     35-centimetre  theodolite,  No. 


10.     Telescope  above  ground  7-41  metres. 


60 


61 
62 


63 


59 


0     (xj     (X)  -00 
46     43     34  99 


51 
76 


26     46-51 
1 8     04-48 

43*25 


Baker 

Staley  Mound,  Staley's  house 

chimney. 
Hutton  Mound 
Fulton 
Ra vmore.    Christian    C  h  u  re  h 

spire. 
Bowler 
Lees  Summit,  South  Methodist     189    oS    01-67 

Church  cupola. 
Hicks    City,  Christian    I'nioii 

Church  spire. 
Chapel  Hill. 


F.  D.  Granger  and  J.  K.  McGrath,  obser\'ers. 

//  '/  //  // 

-:  O  -03  00  "03 


140  50 

176  18  37-76 

89  oS  01  -67 

301  39  52-88 


303     36     21  65 


1^0  -09 
o  -27 

0-13 

O'lO 

0-31 

0-I2 
0'2I 

o-i8 

O'lO 


—0-26 
-f  o  -05 


O  -(X) 


46-25 
04*53 


37  '76 


— o*i8 


21  -83 


Probable  error  of  a  single  observation  of  a  direction  (/->.  and  A*. )  =  rh:0'''-66. 
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UNITED  STATES  COAST  AND  GEODETIC  SURVEY. 


(d)  Abstract  of  resulting  horizontal  directions  at  each  station ,  from  local  and  from  figure 
adjustments,  1880,  j 88 2-^s--8 4.-85 ,  i88j-88'-8^go — Continued. 

Fultofi,  Cass  County,  Missouri.     August  20  to  September  8,  1883.     35-centimetre  theodolite,  No.  10. 
Telescope  above  ground  6*68  metres.     F.  D.  Granger  and  J.  E.  McOrath,  observers. 


No.  of 
direction. 


58 


Objects  observed. 


Resulting  direc- 
tions from  station 


Approximate 

probable 

error. 


;  Hutton  Mound 
Austin,  Methodist  Church  spire 
Harrisonville,  tall  white  church 


53 

54 


55 
56 


57 


153  54  48-55 
177  54  45*34 


210  43  07  65 

240  37  II  '68 

281  03  40*30 

284  26  37*43 

288  01  13  -iS 


rb0*07 

0*36 

O  '20 

0"II 
O'lO 

0*21 
o*i6 

0*15 

o  *3o 

0*14 
0-34 


adjustment 
// 
->-o  -49 


adjustment, 
o         /  // 

o     00     00  *oo 
42     26     49  '96 

151      17     5676 
spire 
Raskin 
Berry 
Belton,  South  Methodist  Church    179     28     14*75 

spire 
Bowler 
Thornton 
i  Staley  Mound,  Staley's  house 
I      chimney 
j  Baker 
Kingsvllle,  Public  School   cu- 
pola 

Probable  error  of  a  single  observation  of  a  direction  [D,  and  A*. )  ^^  =tiO^''*76 


Corrections      Final  seconds 
from  figure       in  triangu- 

lation. 


00 '49 


^o*47 

—  I  *I2 


-fo-26 
4-o*2o 


0*30 


49*02 

44*22 


07*91 

II  -88 


37*13 


BerrVy  Cass  County,  Missouri.      August  23  to  August  30,  1H84.     35-centimetre  theodolite,  No.  10. 

Telescope  above  ground  7*25  metres.     F.  D.  Granger,  obser\'er. 


69 
70 

V 
72 


Bowler 
Fulton 
H  ask  in 
Marty 


o 

69 

168 

270 


00 
19 


-roo5 

T-o  47 
-003 

-o  55 

Probable  error  of  a  single  observation  of  a  direction  { /).  and  R.)  =  :r.  (/''•68. 


21 


// 
00  'ixy 

14  "95 
52-31 
15-87 


—  ()'I2 
O  '12 
O  'II 

o*ll 


/' 


// 
00*05 
15*42 

52  '34 
15*32 


Mariv,  Johnson  County,  Kansas.     August    i   to  August    13,  1SS5.     35-centimetre  theodolite,  No.   10. 
Telescope  jilx)ve  ground  19*60  metres.     F.  D.  Granger  and  E.  D.  Preston,  observers. 


// 


*/ 


// 


// 


74 
75 
76 

77 
73 


Berry 

Ilaskin 

Thomas 

'  Eckman 

Bowler 

Probable  error  ot  a  single  observation  of  a  direction  (  /?,  and  A*. )  -  ^c>'"'82. 


0 

00 

c»  00 

■A  0  '\  I 

-^  0  "02 

00  '02 

29 

51 

52   14 

012 

40*83 

52  97 

76 

46 

28  -08 

o-iS 

o-i8 

27  90 

128 

55 

42  *i6 

o*i6 

-0  04 

42  '12 

322 

27 

16  73 

<)-i3 

-0*63 

16 -lo 

/ A? jfX*///,  Johnson  County,  Kansius.     August  25   to  September  6,  1S.S5.     35-centimetre  thetxlolite.  No. 

10.     Telescope  above  ground  1969  metre.s.      F.  I).  Ciranger,  obser\-er. 


// 


// 


// 


// 


81 

82 

78 

79 
80 


Berry 
Fulton 
BC'be  Mound 
Thomas 
Martv 


0 

00 

fXl  '(K) 

-:U  -08 

-0*32 

59*68 

57 

01 

28  "22 

0*14 

-fo*37 

28*59 

225 

36 

03*25 

0'12 

'I-O  *25 

03*50 

250 

54 

47*31 

0*17 

—0*12 

47*19 

311 

55 

15*05 

013 

-o*i8 

14*87 

Probable  error  of  a  single  observation  of  a  direction  (/?.  and  A*.)  ^=  -^io^''*7S. 


TRANSCONTINENTAL  TRI ANGULATION — PART  III — TRI ANGULATION.      487 

(i)  Abstract  of  resulting  horizontal  directions  at  each  station^  from  local  and  from  figure 
adjustmaits,  1880,  1882-83-84-85,  1887-88-8^90 — Continued. 

ThotnaSf  Johnson  County,  Kansas.     October  6  to  October  20,  1885.     35-centimetre  theodolite,  No.  10. 

Telescope  above  ground  16*64  metres.     F.  D.  Granger,  observer. 


No.  of 
direction. 

Objects  observed. 

85 

B6b6  Mound 

Blue  Mound 

86 

Hcknian 

83 

Marty 

84 

Haskin 

Resulting  direc- 
tions from  station 
adjustment. 

o         /  // 

O     00     OO'OO 

43  45  52-07 

95  12  4921 

167  04  26  *03 

239  09  24  '82 


Approximate 

probable 

error. 

// 

iO'II 

015 
o'i6 
015 
0-15 


Corrections 
from  figrure 
adjustment. 

// 

-fo'20 


—017 

to  03 

— 006 


Final  seconds 
in  triangu- 
latiou. 

00 '20 


49  04 
26  06 
2476 


Probable  error  of  a  single  observation  of  a  direction  (Z>.  and  ^. )  =  dr  ©'''•85. 

Eckman,  Leavenworth  County,  Kansas.  October  30  to  November  30,  1885.  35-centimetre  theodolite, 
No.  10.  Telescope  above  ground  15  39  metres.  E.  D.  Preston,  observer.  July  11  to  July  18, 
^887.  35^entimetre  theodolite.  No.  10.  Telescope  above  ground  15  "29  metres.  F.  D.  Granger, 
observer. 


B6b6  Mound 

0 
0 

00 

00  00 

*:^0*I4 

—0*29 

ff 

89 

59-71 

t  -08 

Blue  Mound 

35 

55 

52  43 

o'i9 

90 

Simmons 
Carson 

43 

48 

07 
59 

59 '12 
59  53 

0*09 
007 

4-0  40 

59  52 

91 

Kanwaka 

71 

18 

07  35 

0*09 

-004 

07-31 

Second  Presbyt( 

Brian  Church 

250 

16 

25-44 

023 

spire,  Kansas 

City 

87 

Marty 

271 

44 

44  05 

015 

—0*09 

43-96 

88 

Thomas 

327 

43 

54-21 

0-15 

-^0*02 

54  23 

Pi 

obable  error  of  a  single 

observation  of 

a  direction 

(/;.  and  A'.) 

ff 

=  -+-0-99  in 

1885. 

-^-0-50  in 

1887. 

Bid^  Mound t  Douglas  County,  Kansas.  September  14  to  September  21,  18S5.  35-centimetre  theodo- 
lite, No.  10.  Telescope  above  ground  1676  metres.  F.  D.  Granger,  observer.  June  23  to  July  3, 
1887.  35-centimetre  theodolite,  No.  10.  Telescope  above  ground  16  00  metres.  F.  D.  Granger, 
observer. 


95 

Thomas 

96 

Ilaskin 

92 

Simmons 

Carson 

93 

Kanwaka 

Blue  Mound 

94 

Eckman 

Probable  en 

0 

/ 

// 

// 

ff 

ff 

C) 

00 

00 'oo 

±0  06 

-  0  -38 

59  62 

33 

50 

40  97 

c    :4 

-fo-28 

41-25 

210 

31 

29-37 

0  -12 

+0-25 

29  62 

245 

06 

42-15 

007 

248 

07 

48-97 

O'll 

-0-58 

48  39 

262 

23 

13-90 

0-I2 

307 

28 

52-50 

0-13 

-fo-43 

52-93 

atior 

1  of  a  direction 

( D,  and  /^. ) 

--to^^-6S. 

♦In  1885. 


t  In  1&S7. 


488 


UNITED  STATES  COAST  AND  GEODETIC  SURVEY. 


(d)  Abstract  of  resulting  horizontal  directions  at  each  station,  from  local  and  from  figure 
adjustmaits,  1880,  1882-83-^4-85^  1887-88-89-90 — Continued. 

Kanwaka,  Douglas  County,  Kansas.     July  28  to  August  16,  1887.     35-centimetre  theodolite,  No.  10. 

Telescope  above  ground  17 '25  metres.     F.  D.  Granger,  observer. 


No.  of 
direction. 

Objects  observed. 

99 

Simmons 

100 

Mabon 

lOI 

Elevation 

97 

Eckman 

Blue  Mound 

98 

B^b^  Mound 

Carson 

Regulting  direc- 
tions from  station 
adjustment. 

o  /  // 

O  00  00 'CO 

49  II  05  "88 

79  56  0791 

252  31  27  -51 

289  36  0773 

301  52  16  '80 

307      25      14  -21 


Approximate      Corrections     Pinal  seconds 

probable  from  figure       in  triangu- 

error.  adjustment.  lation. 


// 
±0*o8 
0*16 
o*ii 

O'll 

o'i6 
o'i9 
0*07 


— 005 

+003 
—0-25 
—0*42 

-fo-69 


// 


59*95 

05-91 
07*66 
27  '09 

17*49 


Probable  error  of  a  single  observation  of  a  direction  (Z?.  and  ^. )  =  ±  o'''75. 

Simmons,  Douglas  County,  Kansas.     August  23  to  September   14,  1887.     35-centimetre  theodolite, 
No.  10.     Telescope  above  ground  1372  metres.     F.  D.  Granger,  observer. 


104 

105 
106 
102 
103 


Kanwaka 

Carson 

Eckman 

B^b^  Mound 

Mabon 

Elevation 


o  /  // 

o  00  00*00 

35  09  42*78 

44  21  21  *22 

84  16  00  '62 

264  30  44  -50 

299  45  06  -29 


=to*o9 
0*08 
o*ii 

0*I2 
0*11 
0*I2 


// 
—0*15 

— o*o6 

-008 

— 0*02 
-1-0 -31 


// 


59*85 

21  'I6 

00 -54 
44-48 
06 '60 


Probable  error  of  a  single  obsen'ation  of  a  direction  (/>.  and  R. )  =  d=  0^^*66. 


Mabon,  Osage  County,  Kansas.     September  21  to  October  14,  1887.     35-centimetre  theodolite,  No.  10. 

Telescope  above  ground  16*12  metres.     F.  D.  Granger,  observer. 


109 

Elevation 

no 

Kanwaka 

III 

Simmons 

107 

Clark 

108 

Powell 

0 

00 

00*00 

// 
-^-o*o8 

// 
—0*17 

// 

0 

5983 

51 

15 

28  09 

0*11 

+0*35 

28*44 

86 

35 

08*78 

0*09 

4-0*14 

08*92 

279 

01 

18 -06 

0*08 

—0*30 

17  76 

313 

07 

17*31 

0*07 

— 0*02 

17*29 

Probable  error  of  a  single  observation  of  a  direction  (/?.  and  /?. )  =  =bo^'*52. 

Elevation,  Shawnee  County,  Kansas.     October  21  to  November  3,  1887.     35-centimetre  theodolite, 
No.  10.     Telescope  above  ground  13*72  metres.     F.  D.  Granger,  observer. 


114 

Mabon 

"5 

Powell 

116 

Clark 

"7 

Adams 

112 

Kanwaka 

"3 

Simmons 

0 

/ 

// 

ff 

ff 

// 

0 

00 

00 'OO 

±0*09 

+0-03 

00-03 

60 

04 

24  20 

0*11 

-fo-37 

24*57 

61 

38 

23-84 

0*08 

+0*35 

24  19 

98 

23 

29  03 

0*14 

o*39 

28  64 

262 

00 

29*04 

0*I2 

—0*30 

28*74 

301 

49 

29  69 

0*13 

—0*06 

29*63 

Probable  error  of  a  single  observation  of  a  direction  {D.  and  ^. )  =  =irO^'*66. 
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(^)  Abstract  of  resulting  horizontal  directions  at  each  statuyn.frotn  local  and  from  figure 
adjustments,  1880,  1882-83-84.-85,  i88j-88-8g-go — Continued. 

Powell,  Shawnee  County,  Kansas.     November  10  to  November  15,  1887.     35-centimetre  theodolite, 

No.  10.     Telescope  above  ground  6' 10  metres.     F.  D.  Granger,  observer. 


No.  of 
direction. 

Objcc 

119 

Mabon 

120 

Clark 

121 

Adams 

118 

Elevation 

Resultinsf  direc* 

tions  from  station 

adjustment. 


Approximate       Corrections      Pinal  seconds 

probable  from  figure       in  triangu- 

error.  adjustment.  lation. 


// 


o  00  OO'OO 

109  54  0498 

177  42  23  'oS 

286  57  06-83 


±008 
0*07 

O'lO 

0*09 


—0-03 
40-34 

+0-I8 
-0-49 


59  "'97 
05-32 
23  '26 

06-34 


Probable  error  of  a  single  observation  of  a  direction  {D.  and  R,)=-±:  0^^-50. 


Adams,  Wabaunsee  County,  Kansas.     July  2  to  July  9,   1888.     35-centimetre  theodolite,   No.    10. 

Telescope  above  ground  7*48  metres.     F.  D.  Granger,  observer. 


Mark 

122 

Elevation 

123 

Powell 

124 

Clark 

125 

Meyer 

126 

Zean  Dale 

0 

/ 

// 

ff 

ff 

ff 

0 

00 

00 'OO 

-+-0-09 

104 

17 

52  "22 

O'lO 

^0-13 

52*35 

136 

44 

06    13 

o-io 

—0-23 

05-90 

191 

57 

39  09 

O'll 

fo-58 

39  67 

237 

16 

28-95 

O'll 

—0-48 

28-47 

279 

24 

43  63 

o'09 

O'OO 

43-63 

Probable  error  of  a  single  observation  of  a  direction  (Z>.  and  .^.)  =  ±:  0^^*59. 

Clark,  Wabaunsee  County,  Kansas.     August  7  to  August  22,  1888.     35-centimetre  theodolite.  No.  10. 

Telescope  above  ground,  13-75  metres.     F.  D.  Granger,  observer. 


130 

Adams 

131 

Elevation 

132 

Powell 

133 

Mabon 

127 

Reinhard 

128 

Meyer 

129 

Zean  Dale 

0 

00 

ff 

00 'OO 

ff 
rrO-IO 

-0-38 

ff 

0 

59*62 

55 

35 

09  45 

O-II 

-0-18 

09-27 

56 

58 

09-15 

0-09 

0-47 

08-68 

92 

58 

03-90 

o-ii 

ro-71 

04-61 

258 

46 

18-49 

O'lO 

--0-24 

18-73 

281 

27 

58-88 

o-o8 

—O-IO 

58-78 

302 

43 

25  24 

0-08 

— o-i8 

25-42 

Probable  error  of  a  single  observation  of  a  direction  (D,  and  A*. )  =  dr  0^^-57. 

Meyer,  Wabaunsee  County,  Kansas.     August  31  to  September  6,   1888.     35-centimetre  theodolite, 

No.  10.     Telescope  above  ground  6-16  metres.     F.  D.  Granger,  observer. 


136 
137 
134 
135 


2^an  Dale 
Adams 
Clark 
Reinhard 


o  /  // 

o    00    00 -00 

« 

84  10  28  -35 
140  19  39  92 
281    07    34*57 


ff 

rtO-II 
O'll 
0-09 
0-09 


ff 

—0*02 

-ho -22 
-O-II 
—0-13 


ff 
00 -02 

28-57 
39 '81 
34*44 


Probable  error  of  a  single  observation  of  a  direction  {D.  and  A*. )  =  zt  o'''-58. 
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(d)  Abstract  of  resulting  horizontal  directions  at  each  station ,  from  local  and  from  figure 
adjustmetits,  1880,  1882-83-84-85,  i88y-88-^g-go — Continued. 

Zean  Dale,  Riley  County,  Kansas.      September   15  to  October  3,  1888.     35-centiinetre  theodolite, 

No.  10.     Telescope  above  ground  13*78  metres.     F.  D.  Granger,  observer. 

No.  of 
direction. 


141 
142 

143 

138 

139 
140 


Objects  observed. 

Resulting  direc- 
tions from  .station 
adjustment. 

Approximate 

probable 

error. 

Corrections 
from  figure 
adjustment. 

Final  .seconds 

in  triangu- 

lation. 

0 

/ 

// 

// 

// 

// 

Reinhard 

0 

00 

00 '00 

-^0-08 

+0-31 

00  31 

Humboldt 

41 

02 

33   19 

O'lO 

035 

32  -84 

Erricssen 

84 

47 

38-04 

on 

4-0  -49 

38-53 

Adams 

249 

55 

33  -38 

0  '09 

—  0  '11 

33 '27 

Clark 

285 

II 

56  -85 

0*09 

023 

56-62 

Meyer 

303 

36 

50-85 

O'll 

-O'lO 

50-75 

Probable  error  of  a  single  observation  of  a  direction  (D.  and  ^*. )  =  —  0^^*59. 


Reinhard,   Morris  County,   Kansas.      October   16  to  November  2,    1888.     35-centimetre  theodolite, 
No.  TO.     Telescope  above  ground  11*43  metres.     F.  D.  Granger,  observer. 


147 

Humboldt 

148 

Zean  Dale 

149 

Meyer 

150 

Clark 

144 

White  City 

145 

Robbins 

146 

Erricssen 

0 

00 

// 
00 'OO 

// 
-+-o-o8 

// 
0-30 

// 

0 

59  70 

48 

31 

56  35 

0*09 

— 029 

5606 

93 

16 

22  "40 

o'lr 

-  0-32 

22  08 

109 

46 

47*33 

016 

-T-O  72 

48  05 

262 

32 

48-35 

0  ;4 

0-44 

47-91 

321 

14 

35  19 

0  13 

--()  "14 

35  "05 

359 

56 

2373 

0-13 

-f^77 

24  -50 

Probable  error  of  a  single  observation  of  a  direction  {D.  and  Ri)  =  =ho^''*72. 

White  City,  Morris  County,  Kansas.     November  lo  to  November  22,  18S8.     35-centimetre  theodolite. 
No.  10.     Telescope  above  ground  6"  13  metres.     F.  D  Granger,  observer. 


// 


// 


// 


// 


161 

Robbins 

162 

Reinhard 

160 

Tavlor 

—0-46 
-f  o  -66 

-  0"2I 

Probable  error  of  a  single  observation  of  a  direction  {D.  and  R. )  =  1=0''' -69. 


o    00    00  00 

79    47     "■37 
307     10    06 '41 


±:0*I2 
0*I2 
0'12 


59*54 
12  03 

06  '20 


Robbins,  Geary  County,  Kansas.     July  26  to  August  9,  1889.     35-centimetre  theodolite,  No.  10.     Tele- 
scope alx)ve  ground  5*97  metres.     F.  D.  Granger,  observer. 


163 

Humboldt 

164 

Reinhard 

165 

White  City 

166 

Taylor 

167 

W^i  liner 

168 

Erricssen 

0 

/ 

// 

// 

// 

// 

0 

00 

(XJ  'OO 

-+-0  "12 

-  0*19 

00  '19 

49 

45 

34  -82 

0    10 

-0'20 

34-62 

91 

16 

35-64 

0-13 

TO -19 

35  -83 

167 

13 

09-52 

0*14 

♦  006 

09  58 

235 

00 

07  '02 

0-I3 

4  014 

07*16 

306 

00 

52-27 

o*ii 

-  039 

51-88 

Probable  error  of  a  single  observation  of  a  direction  {D.  and  R, )  ==  zto'^'71. 
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(^)  "Abstract  of  resulting  horizotital  directions  at  each  statioii ,  from  local  and  from  figure 
adjustments,  1880,  1882-83-84.-85,  1887-88-8^90 — Continued. 

Humboldt,  Geary  County,  Kansas.     August  17  to  August  30,  1889.     35-centimetre  theodolite,  No.  10. 

Telescope  above  ground  12 '42  metres.     F.  D.  Granger,  observer. 


No.  of 
direction. 

Object 

153 

Robbins 

154 

Erricssen 

151 

Zean  Dale 

152 

Reinhard 

Resulting  direc- 
tions from  station 
adjustment. 

o  /  // 

O  00  00*00 

88  24  05  -34 

178  05  25  76 

268  30  58-15 


Approximate 

probable 

error. 

// 

rfc0'09 

0*I2 

016 

O  -lo 


Corrections 
from  figure 
adjustment. 

// 
—0*16 
—0-31 
4-0-40 
+007 


Final  seconds 

in  triangu- 

lation. 

// 


59  84 
05-03 

26-16 

58-22 


Probable  error  of  a  single  observation  of  a  direction  (/>.  and  R. )  = 


c/^"ji. 


Erricssen,  Riley  County,  Kansas.     September  5  to  September  12,  1889.     35-centimetre  theodolite,  No. 

10.     Telescope  above  ground  15-22  metres.     F.  D.  Granger,  observer. 


156 

Humboldt 

157 

Reinhard 

158 

Robbins 

159 

Wilmer 

J55 

Zean  Dale 

0 

/ 

// 

// 

/f 

// 

0 

00 

00-00 

-^-008 

4-o-o6 

00 -06 

0 

03 

17-58 

0-13 

-f  0-47 

18  05 

37 

36 

47-31 

0-J2 

O'OO 

47-31 

94 

37 

27-27 

0*09 

1-0  25 

27  52 

313 

26 

26-62 

o-ii 

-  -0  78 

25-84 

Probable  error  of  a  single  observation  of  a  direction  ( D.  and  A*. )  =  rbo''''-64. 

Taylor,  Dickinson  County,  Kansas.     October  9  to  November  5,  1889.     35-centimetre  theodolite,  No. 

10.     Telescope  above  ground  12-53  metres.     F.  D.  Granger,  observer. 


176 

Frey 

177 

Wilmer 

178 

Robbins 

179 

White  City 

'74 

Iron  Mound 

175 

Vine  Creek 

0 

/ 

// 

// 

// 

// 

0 

00 

00 -oo 

rirO-07 

0  -OO 

00-00 

36 

28 

17-72 

0  -09 

-o-i8 

17-54 

lOI 

19 

54-71 

O'lr 

— 0-22 

54*49 

152 

33 

27-83 

0-12 

-^0-65 

28-48 

301 

54 

08-41 

0  -12 

—  0-67 

"7  74 

348 

50 

54  -83 

o- 14 

f  0  \\2 

55  -25 

Probable  error  of  a  single  observation  of  a  direction  {D.  and  A*. )  -—  -^o'^'6$, 

Wilmer,  Dickinson  County,  Kansas.     September  20  to  October  i,  1889.     35-centimetre  theo<loliie, 

No.  10.     Telescope  above  ground  12-19  metres.     F.  D.  Granger,  observer. 


172 

Frey 

173 

Vine  Creek 

169 

Erricssen 

170 

Robbins 

171 

Taylor 

0 

/ 

// 

// 

// 

// 

0 

00 

00-00 

o-o8 

-f  o-6i 

00*61 

38 

54 

26 -28 

o-ii 

-o-o8- 

26  20 

207 

31 

50  99 

0-13 

-0-18 

50-81 

259 

30 

27-94 

0-12 

-0-54 

27-40 

306 

51 

53-97 

o-io 

-ro-i9 

54-16 

Probable  error  of  a  single  observation  of  a  direction  {D.  and  ^. )  =1  =fc  o'''-65. 
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(d)  Abstract  of  resulting  horizontal  directimis  at  each  station  from  local  and  from  figure 
adjustments,  1880,  j 88 2-83-8 4.-8^ ,  1887-88-8^90 — Completed. 

Frey,   Dickinson    County,   Kansas.     June    14  to  June  20,  1890.     35-centimetre  theodolite,  No.    10. 

Telescope  above  ground  6*04  metres.     F.  D.  Granger,  observer. 


No.  of 
direction. 


180 
181 
182 

183 


Objects  observed. 


Resulting  direc- 
tions from  station 
adjustment. 


Approximate 

probable 

error. 


Corrections      Final  seconds 
from  figure       in  triangu- 
adjustment.  lation. 


// 


Wilmer 
Taylor 
Iron  Mound 
Vine  Creek 


o  00  00  'OO 

90  23  36  '44 

183  49  17-60 

247  43  1 1  -52 


// 
-0-36 
-fo-o6 
-fo'oi 
-fo-:>8 


// 


59  64 
3650 
17*61 
II -So 


Probable  error  of  a  single  observation  of  a  direction  {D.  and  R. )  =  =fco^''54. 

Iron  Mound y  Saline  County,  Kansas.  July  30  to  August  13,  1890.  35-centimetre  theodolite,  No.  10. 
Telescope  above  ground  174  metres.  F.  D.  Granger,  observer.  May  16  to  May  22,  1896.  30-centi- 
metre theodolite,  No.  118.     Telescope  above  ground  167  metre-*.     F.  D.  Granger,  observer. 


No.  of 
direc- 
tion. 


Objects  observed. 


Ke.sulting directions    Reduction    i>^„..uj^„ 
from  station  tn  «p»         Resulting 

adjustment. 


to  sea 
level. 


seconds. 


Corrections  ??iIf*?iS*        Final 
from  base-    ^'^^^JS^*      seconds 
net  adjust-        fi^" "  m  tri- 

adjuftment.  angulation. 


ment. 


187 
188 


North  Pole  Mound 

Salina  East  Base 

Vine  Creek 

Frey 

\  Taylor 

'  Heath 

>  Salina  West  Base 
,  Thompson 


o  /                  //  // 

O  00  00  'OO  — O  '02 

13  29  12    12  — O'OI 

45  39  51  96  -foo2 

78  21  30-32  +0-03 

106  49  58  94  +0  01 

302  47  35  "So  -o-oi 

329  12  45 'o I  —002 

344  26  20*14  —0*03 


// 


// 


// 


// 


59*98 
12  "ii 

51-98 

30-35 

5895 

35  79 

44*99 
20 'I  I 


— o*o8 
—0*04 
+0-33 


+0-55 
-fo-6i 


— 002 
-fo-3o 

—0-48 


59*90 
12  "07 

52-31 
30-90 
59  56 
35*77 
45*29 
19*63 


Probable  error  of  a  .single  observation  of  a  direction  (Z>.  and  R,)=^  ±o^'''6o. 

Vine  Creek,  Ottawa  County,  Kansas.     June  28  to  July  21,  1890.     35-centimetre  theodolite.  No.  10. 

Telescope  above  ground  6*07  metres.     F.  D.  Granger,  observer. 


0 

/ 

// 

// 

// 

// 

// 

// 

Iron  Mound 

0 

00 

00  "oo 

-(-002 

00 '02 

-ro-3i 

0033 

North  Pole  Mound 

30 

57 

43  92 

+0-03 

43-95 

—0-67 

43 -28 

Heath 

45 

38 

34  02 

-f  0  -03 

34-05 

-006 

34-11 

Thompson 

66 

55 

43*54 

^O'OI 

43-55 

^029 

43-84 

184 

Wilmer 

247 

46 

44-56 

O'OO 

44-56 

0-57 

43*99 

185 

Frey 

276 

35 

31*59 

— 0*02 

31-57 

—0-24 

31*33 

186 

Taylor 

288 

06 

51-69 

-003 

51-66 

-f  0  05  • 

51-71 

Probable  error  of  a  siitgle  observation  of  a  direction  {D.  and  R.)  =  dbo^^75. 
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(c)  Figure  adjustment. 
Observation  equations. 


No.    1 

I  i 

o=  — I'oy      — 

2 

o=-o-59      - 

3 

0 — (-0*91      — 

4 

o=  — 0*67      — 

5 

o=  — 0-09      — 

6 

0=-fO"29        — 

7 

0 — —  0'02         — 

8 

0=4-1-24     - 

9 

o  =  -fo-44      - 

10 

0— -fo-58      — 

II 

o=  — 1-69      — 

12 

0=4- 058      - 

13 

o=  — 0-39      — 

14 

0=4-0-43      — 

15 

o=-r38      - 

16 

0=4-079      - 

17 

0——  I-2I         — 

18 

0— 4-0-40        — 

19 

o=— 0-66 

20 

0=      1-73 

21 

0     —2*24      — 

22 

0=4-1-34      - 

23 

0     -  -  0-09      — 

24 

0— 4-i-i6      — 

25 

0— —  0-44      — 

26 

0=     0-55 

27 

0—4-1-49      - 

28 

0=      2-37 

29 

o=  — 0-85      — 

30 

0=    -002      — 

31 

0=4-0-42      — 

32 

0=4-0*26      ~ 

33 

o=-o-57      -( 

34 

0— +I-I53         ( 

35 

0=      1-34          ( 

36 

o--r83      -( 

37 

o  =  4-o-o8      —  ( 

38 

o=-hi-79      -( 

39 

o=  +  i-68      -( 

40 

0=4-1-26      —  ( 

41 

0  =  —  0*70      —  ( 

42 

o=— 1*49      -( 

(2)+ 

(4) 



(10)^    ( 

(") 

(3)+ 

(4) 

(7)4- 

(8)- 

(io)  + 

(12) 

(0  + 

(2) 

(7)4- 

(9)- 

(11)  n- 

(12) 

(6)  + 

(7) 

(")4- 

(13)- 

■   (15)  + 

(16) 

(13)  + 

(14) 

4- 

1 

(15)- 

(18)- 

■   (19)  + 

(20) 

(S)  + 

(6) 



(16)  4 

(17)- 

■.(27)  + 

(28) 

(17)  + 

(18) 

(20) -f 

(21)- 

■   (26)  + 

(27) 

(21) + 

(23) 

(25)4- 

(26)- 

■   (34)  + 

(35) 

(")  + 

(«) 

(24)  + 

(26)  - 

■   (32)  + 

(33) 

(24)  + 

(»S) 

(31)  + 

(33)- 

■   (35)-^ 

(36) 

(30) -f 

(30 

(36)- 

(37)- 

-   (39)- 

(40) 

(29)  + 

(30) 



(40) -i- 

(41)- 

(51)-! 

(52) 

(37)  + 

(38) 

» 

(39) -  - 

(44)- 

■    (45)  + 

(46) 

(43)  ■'- 

(44) 

(46)- 

(47)- 

■   (59)  + 

(60) 

(41)- 

(42) 

— 

(49)  --- 

(51)- 

■    (57)  + 

(58) 

(42)  ^- 

(43) 

— 

(56)  -t- 

(57)- 

■    (60)4- 

(62) 

(49)-^ 

(50) 

(56)-^ 

(58)- 

(61)  J 

(62) 

(55)  + 

(56) 

— 

(62)4- 

(63)- 

■    (65) + 

(66) 

(47)4- 

(48) 

-X- 

(59)- 

(63)- 

•   (64)  + 

(65) 

(54) -f 

(55) 

(66) -r 

(67)- 

-   (69)  + 

(70) 

(67)  + 

(68) 

(69)- 

(72)- 

(73)  + 

(74) 

(53)- 

(54) 

(70)4- 

(71) 

(81)  + 

(82) 

(71)  + 

(72) 

(74)  + 

(75)- 

-   (80)  + 

(81) 

(75)4 

(76) 

— 

(79)  + 

(80)- 

•    (83)  + 

(84) 

(76)  + 

(77) 

+ 

(83)  - 

(86)- 

■   (87)  + 

(88) 

(78)-- 

(79) 

(84)  + 

(85)- 

■   (95)  + 

(96) 

(85)  4- 

(86) 

■ 

(88)  *■ 

(89)- 

■   (94)  + 

(95) 

(89)4- 

(91) 

(93)  + 

(94)- 

■    (97)  + 

• 

(98) 

(89)  + 

(90) 

(92)  + 

(94)- 

■(ios)  +  ( 

106) 

(90)4- 

(91) 

— 

(97) -r 

(99)- 

(104) +  ( 

JOS) 

(99) +  ( 

lOl) 

—  ( 

103) +  ( 

104)- 

(lI2)  +  ( 

"3) 

(99)  4- ( 

ICX3) 

102)  4  ( 

104)  - 

(iio)  +  { 

III) 

100) +  { 

toi) 

—  ( 

109) +  ( 

no)  — 

(I12)-f( 

114) 

H5)4-( 

116) 

4-( 

118) -( 

120)  — 

(131) +  ( 

132) 

107)4  ( 

109) 

—  ( 

114) +  ( 

116)  - 

(i3')  +  ( 

133) 

107) +  ( 

108) 

—  1 

"9)  +  ( 

120)  — 

('32)  +  ( 

133) 

116)4- ( 

"7) 

122) +( 

124)- 

(130)+ ( 

131) 

"5)4-( 

117) 

118) -( 

121)  — 

(122)  4- ( 

123) 

124) +  ( 

125) 

128)  4- ( 

130)  + 

(134) -( 

«37) 

1*4)  4- ( 

126) 

—  ( 

129)  4- ( 

130)- 

(138) +  ( 

•39) 

125) +  ( 

126) 

—  ( 

136)  +  ( 

'37)- 

(  138)  +  ( 

140) 

"7)  +  ( 

129) 

—  ( 

139) +  ( 

141)- 

(i48)  +  ( 

1 50) 
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(c)  Figure  adjustment — Continued. 
Observation  equations — Continued. 


No. 


43 

o=— 0-68 

—  ( I 

44 

0=4-0-97 

—  ( I. 

45 

'  0— -0-38 

46 

0  —  -L  I  -038 

2  —  (i. 

47 

o  =  --o-37 

\ 

48 

0  —  —  079 

\  '*' 

49 

0—  —  I -So 

50 

0—  --0-63 

—  ( I 

51 

0      -  -  o*49 

— -  ( I 

52 

1  0— —  077 

--  ( I 

53 

0—  — 066 

54 

0—      0-25 

55 

0           -  I'QO 

—  ( I 

56 

0  —      I  -66 

( ^ 

57 

0 —  —  0-69 

—  ( I 

58 

0      —  7-2  r 

2-82(1 

59 

0      ~7'o  — 

4-33(5 

27)-f  (I28)-(I34)4-(I35)- 
4I)-j-(I42)-(I47)-!-(I48)- 
4I)-f  (r43)-(i46)-f(i48)- 
46)  4- (147) -(152)4- (154)  - 
53)-f  (I54)-(I56)^-(I58)4- 
45)-f  (M7)-(I52)4-(I53)- 
44)-|-(I45)-(I6I)4-(I62)  - 

58)  4- (159) -(167) -f  (168) - 
60)  4- (161) -(165) -h  (166) - 

66)  4- (167) --(170)  4- (171) - 
71)  4- (172) -(176)  4- (177)  ~ 

71)  -  (173) -(175) -I- (177) - 

72)  4- (173) -^(180) -(183) - 

74)  4- (175) -(186)  4- (188) 
74)-^(i76)-(i8i)-f  (I82)- 


I49)-+-(I5o) 

151) +  (152) 

155)4- (157) 

156)  4- (157) 
163) -(168) 

163)  4- (164) 

164)  + (165) 

169)  r(  170) 
178)  4- (179) 
177)  f  (178) 
180) -f  (181) 

184) --(186) 
184) -^(185) 

187)  4- (188) 


)  -  3-o2(  2)  -  4'49(3)  -  2-24(4)  ^  o-45(  10)  -  3-io(  11 )  -;-  2-65(  12) 

—  7'o- 4*33(5)  -6-36{ 6)  4-2-03(7)-  0-51(12)  -4-16(13) -3-65(14)  4-2-64(19) -- 4*87(20) 
-r  2-23(21 ):   1*92(26) -3-55(27)   ;    1-63(28) 

60      o=--3-4    -0-42(21) -r 2-o6( 22 >-- 1-64(23)  -  1-33(24)-*- 3-85(25)  --2-52(26)— 2-94(31) 
4-3-22(32)  — 0-28(33) 

4-2-1 --2-38(29)  ^  3*79(30)  -  1*41(30 -o"i5(36)4-3*6r(37) -3*46(38) -1-11(45) 

4-2-40(46)    -  1-29(47) -3-33(50)  -4'35(5i)    -1*02(52)  -  1-40(59)-  3-08(60)- I -68(61) 

4- 1 -4 -r  2-85(41)  -4-07(42) -4- 1-22(43) -1-2-07(49)  -2-92(50) -0-85(51)  4  0-51(60) 

-4-54(61)— 4-03(62) 

-3-3  -1-22(42)  1-2-19(43)      0-97(44)- 1-29(46) -r6-37(47) -5-08(48) -3-66(55) 

-r 5*86(56)      2-2o(57)  -3*63(64)  -5*39(65)    -  1-76(66) 

-L-  i6-o  -  4*73(53)  -  7*99(54)  -3*26(55)  -  0-45(66)  -h  2-05(67)  -  1-60(68)  -  2-74(73) 

-46-41(74) -3*67(75)   --1-89(80)  :  3-26(81) -1-37(82)    . 

+  5*9      1*97(75)   :  3*61(76)-  1-64(77) -4*45(78)    -  5*62(79) -117(80)- 1-42(87) 

-f  4*75(88)      3-33(89) -1*61(94)  -44*75(95) -3*14(96) 

4-1-4     0-71(89)  r  3*93(90)  -3'22(9i)-2-73(92)-f  3*98(93)  — 1*25(94)-  1-94(104) 

4-2-16(105)    -0-22(106) 

-3*3-0*37(99)  1-3*54(100)-   3-17(101)    -2-98(102)  i  4-18(103) -1-20(104)  -  1-57(109) 

-t-i-69(  110)  -0-12(111 ) 

-42-54  --0-311(107)  -^0-508(108)  -  0*197(109)  -  0*122(114) -f7-822(  115)  —  7-7o(  116) 

-8-72(i3i)4-9'oi(i32)  -0*29(133) 

69  0=4-2*3-3*11(107;   •  5*08(108)  -1-97(109)-  I  •22(114)  4-3*88(115) -2*66(1 17)— 3-31(122) 

--4*77(  123)  -  -  :  •46(  124)  -  i-37(  130)  ^  4-27(  132)  -  2-9o(  133) 

70  I  0= -r- 2-6 -2-09(124) -i  4*42(i25)-2-33(i26)-4-99(i28)4-5'42(i29)-o-43(i3o) -1*55(138) 

4-6-32(139)  -  4-77(140) 

71  ;o=-i  10-3 -5-03(127)  — 10*45(128)      5*42(129)— 6-32(139)4-7*72(140)  — 1-40(141) 

—  2*12(148)— 9*23(149)  — 7-11(150) 


61 

0 

62 

1 
0 

63 

0 

1 

64 

0 

65 

1 
'  0 

66 

\  0 

1 

67 

0 

68 

0 
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(c)  Figure  adjustment — Continued. 
Observation  equations— Completed. 


No. 

72 


o=-^yoyj  3  — 0-002(141) -t-o'cx)5(i42) —0-002(143) —  2-013  2(146)  4-2-015  i(i47)-  0-002(148) 
-0-002(155) -1-2-1979(156) -2-195  9(157) 

73  !  o=-f8-o-i-28(i44)-f3*9i(U5)--2-63(i46)-2-74(i57)-r4'ii(i58)-i-37(i59)-i*6o(i6o) 

!         -f  i*98(i6i)-   o-38(  162) -I -65(169)+ 3*59  (170) -I  •94(171)    -0*98(177) -r  2-67(178) 
-1-69(179) 

74  0=1  0-5  -  2-42(  141  )-r  4*62(142)-  2-2o(  143) -2-62(  145) -r  4-48(147)-- I -86(148) -I -99(155) 
I         -f472(i56)--2-73(i58)-h3-3i(i63)-i-78(i64)- 1-53(168) 

75  ;  o=-h3*3-T- 1*57(171)  ^4*18(172) -2-61(173) -10-68(175) +  13-53(176) -2-85(177) 
!         -3-83(184)  1-14*16(185) -10-33(186) 

76  ,  o=-6-6-    1-57(171)  + 4-i8(i72)~2-6i(i73)--i-3i(i74)-!-4*i6(i76)-2-85(i77)-3-83(i84) 

-t  4-08(185)4  7-16(187) -3*88(188) 

77  o=— 4-1  :  o-2o(i) -4-2-24(3)      2-24(4) -5- 2-03(6) -2-03(7) --1-63(8) +  1-63(9) -0-45(10) 
+  0-45(12)  7-3*65(13) -3*65(14)      1-32(15)- i*32(i6)+o-o4(i7)-    0-04(18) -2-64(19) 
+  2-64(20)4  0-42(21) -0-42(23)- 1-33(24) -1-33(25) -1-92(26)  f  1-92(27)  4- 2-38(29) 

—  2-38(30)— 0-28(31)  -r  0-28(33)  -  1-14(34)  +  1-14(35)  4-0-15(36)  -0-15(37)  — 2-72(39) 
-2-72(40)-;- 1-22(42)  -1-22(43) -T  0-85(49) -1-87(51)  :- 1-02(52)^  3*26(54)  3*26(55) 
-0-54(57)  :  0-54(58)— 0-51(60)  •  0-14(62) -:- 0-37(63) -I -76(65)-- 1-76(66) -r  I -60(67) 
-1-60(68) --0-79(69) -079(70)-  0-45(71)  i  0-45(72)  -2-74(73)4  2-74(74)^1-64(76) 
-1-64(77)  •  i-i7(79)-3*o6(8o)-i-89(8i)-   0-69(83)-  o-69(84)-o-2o(85)  |-o-2o(86) 

-1*42(87)-*  1-42(88) ->  0-71(89)-  0-71(91)-    2-73(92)  — 2-73(93)    -i-6i(94)  ♦  1-61(95) 

■1-81(97)^    1-81(98) —0-37(99)— 0-37(101)  ^    2-98(102)        2-98(  !r)3)— 0-22(104) 

4-  0-22(106)  -^0-34(107)  —0-46(109)  •  0-12(111)    -  2-52(112)  —  2*52(113)  -2-82(1 16) 

—  2"S2(  I  17)  —0-09(122)    •  0-19(124) —0-10(126)  -    2-18(127)  —  2-18(129)        2-75(131) 

+  2-75(  133)  —  2-98(  13S)  -  2-98(  139)  -i  o-i9(  141 )  -  o-i9(  143)  -  2-63(  145)    -  2-63(  146) 

-  i-i6(  148)  -t-  i-i6(  150)  -  1-99(155)  -r  1*99(157)  f  1*37(158)  -  1-37(159)  -0-51(164) 
+  0-86(166)  -  0-86(167)  4-0-51(168)  —  1-65(169)  +  1-65(170)  -  0-07(171)  —0-07(173) 
-T  1-97(174)-    1-97(175) -0-98(177) +0-98(178) -2-48(184)+ 2-48(186) -t-i-i6(  188) 

Correlate  equations. 
(i)  =  -C3+2-82C58-  o-2oC,7 

(2)  =  -C,-rC3-3-o2C58 
(3)=   -C,-4*49C58  ^  2-24C77 

(4)  =  -r  C,  -r-  C,  i  2-24C58     2-24C„ 

(5)  =  -C6-t-4*33C59 

(6)  =  -  C,  +  Co  -  6-36Csy  T  2-03C„ 

( 7)  =  -  C.  -  C3  +  C,  +  2-03C5,  -  2-o3C,7 

(8)  =  -rC,~i-63C,, 

(9)  =  -f-C3^i-63C77 

10)  =  -  C,  -  Ca  +  0-45C58  -  0-45C77 

Il)  =  +  Cx-C3-3-IOC58 

12)  =  -r  C,  +  C3  -  C4  +  2-65C58  -  0-5IC59  +  0-45C77 
i3)  =  -fC4    -C5-4-I6C5,  :  365C7, 
i4)  =  -^C5+3*65C59-3-65C„ 
i5)  =  -C4-C5-i-32C„ 
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(r)  Figure  adjustment — Continued. 
Correlate  equations— Cont\xi\ieA. 


i6; 

17; 
18; 

19; 
20' 

21 
22 

23: 

M] 
25; 
26; 

2?: 

28) 

29; 

,30; 

ji 

32. 

:33; 

;34: 

:35: 

36: 

37 

38: 

39: 

■40; 

:4i 
:42 

43 
44 
45 
46 

Af 

A^ 

A9\ 

50; 

51 

52 

53 

^54; 

55 

56: 

57 

58: 


=  +  C4-C6  4-i-32C77 

=  4- Cfi  -  C7 -f  o-o4C„ 

=  -C5-hC7-o-o4C„ 

=  -C5  +  2-64C59-2-64C7, 

=  +  C5  -  C,  -  4-87C5,  +  2-64C77 

=  +  C7-C8-C94-  2-23Cs9  -  0-42C60  "f  0-42C77 

=  +  C5  +  2-o6C6o 

=  -f  Cg  —  I  •64C60  -  0-42C77 

=  -  C9  -  Cxo  -  I  -33060  -  I  -33077 

=  -  Cg  -f  Co  -r  3 '85060  - 1  -33077 

=  -07+C8-f09-hl  -92059  -  2-52C6C  -   I -92O77 

=  -  C6  4-  O7  -  3*55059  + 1  -92077 

=  +  06-f  I-63C59 

=  -  Ox,  -  2-38C6X  -h  2-38C77 

=  -  Ox,  -h  Ox,  +  379O6X  -  2-38077 

=  -  Oxo-f  Oxi  -  2-94CSO-  I-4I06X  -0-28C77 

=  -  O9 -f  3-22C«o 

=  -f  C9  -h  Oxo  —  O-28C60  -^  0-28C77 
=  —C8—  1-14077 

=  +  C8-0xo-r  1-14077 

=  +0xo  —  0xx—O-I5C6x+ 0-15077 

=  -f  Oxx  -  0x3  -f  3-6iC6x  -  0-15077 
=  4-Ox3-3'4606x 

=  - Oxx +  0x3 -2-72077 

=  -h  Oxx -Ox, +  2-72077 

=  +0xa-0x5f  2-8506, 

=  +  0x5  -  0x6  —  4*07062  —  I -22O63  +  I  -22077 

=  -  0.4+0x6+  1-22062 -^  2- I9O63  -  1-22077 

=  -  0x3  -f  0,4  -  O-97O63 

=  — 0x3—  I-II06X 

=  +  0x3  -  O14  +  2-40O61  —  I   29063 

=  +  0x4  -  0,9  -  I  •29O6X  +  6-37O63 

=  +  0,9-508063 


=  -C 


»5 


0x7  +  2-07062 +  0-85077 


=  +  0x7  -  333O61  -  2-92O62 

=  -  0x2  -  0x5  -:  4*35061  +  0-85O62  -  i  '87077 

=  +  0x2  —  I  •02O6X  -r  I  02077 

=  -0„- 4*73064 

=  - 0«  -h  0«  +  7*99064  +  3*26077 

=  -  0x8  +  0«  -  3-66O63  -  3*26064  -  3-26077 

=  - 0,6 -0x7  + 0,8 -f  5-8606, 

=  —  0x5  +  0x6  -  2-2O063  -  0-54077 
=  +  0.5  -^  0x7  +  0-54077 
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(f)  Figure  adjustment — Continued. 
Correlate  equatiotis — Continued. 

( 59)  =  —  C,4  ^-  C,9  -  I  -40^1 

(60)  =  -f  C,4-C,6  +  3-o8C6i-fo-5iC^-o-5iC7, 

( 61 )  =  -  C;  -  I  -eSCc,  -  4*54C6» 

(  62  )  =  -^  C,6  4-  C,7  -  Cx8  -f  4*03C6a  "f  O'  I4C77 

(63)=-f-C,8-C,,4-o-37C77 

(64)  =  — C,9  — 3-63C63 

(65)  =  -  C,8  -h  Cx9 4- 5-39C«3  -  I 'l^^n 

(66)  =  -h  C,8  -  C«  -  1 76^53  - 0-45C64  -r  i •76C„ 

(67)  =  4-C«-C«-f  2-o5C64-h  i-6oC77 

(68)  = -h  C„  -  r6oC64  —  I -eoCy, 

(69)  =  -  C«-f  C«  -079C77 

(70)  =  +  Cao  — C„  +  o79C77 

(71)  =  4- C«  -  C^  -  0-45C77 

( 72 )  =  -  C  4-  Ca3  4-  o'45C77 

(73)  =  -  C«  -  274C64  -  274C77 

( 74)  =  +  C,x  -  C,3  4-  6-4IC64  -f-  274C77 
(75)=4-Ci3-C,4-3-67C64-i-97C65 

(76)  =  +  Ca4  -  C5  4-  3'6lC65  -f  I  •64C77 

(77)  =  4- C,5 -  I-64C65  -  r64C77 

(78)  =  -C^-4'45C65 

(79)  =  -Ca4  4-C^  +  5'62C6s4-i-i7C77 

(80)  =  -  C3 4- Cm  -  I •89Cd4 -i-i1^- yoeCjj 

(81 )  =  -  C„  4-  C,3  4-  3"26C64  4- 1  •89C77 

(82)  =  4-C„-i-37C64 

(83)  =  -  Ca4  +  C^  -  0-69C77 

(84)  =  4- C14  -  Chs  4- 0-69C77 

(85  )  =  4-  C,6  -  C:^  -  0-20C77 

(86)  =  —  Cag  -h  Ca7  4-0-20C77 

(87)  =  -  C,5  -  I  •42C«5  -  I  •42C77 

(88)  =  4-  C,5  -  C,7  ^  475C65  4-  I-42C77 

(89)  =  4-  Ca7  —  Ca8  —  Ca9  —  3'33C65  "  O71C66  -^  O71C77 

(90)  =  4- Ca9  -  C30  4- 3*93C<56 

(90  =  4-Ca8  4-C3o  — 3'22C66— O71C77 

(92)  =  -  C^  -  273056  4-  273C77 

(93 )  =  -  Crf  4- 3 -980^6  -  2  73C77 

(94)  =  -  C,7  4- Ca8  4- C^  - 1  •61C65  - 1  •25C66  - 1  •61C77 

(95)  =  -  C:Ki  -^  C,7  4-  475C65  -f  I  •61C77 

(96)  =  -hC*5-3-i4C65 

(97)  =  -C*-C3o-i-8iC77 
(98)==4-C*4-i-8iC77 

(99)  =  4-  C30  -  C3,  -  C3,  -  0-37C67  4-  0-37C77 
( 100)  =  4- C3,  -  C33  4- 3  •54C67 

(  lOI )  = -f  C3,  +  C33  -  3-I7C67  -  0-37C77 

18732 — No.  4 32 
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(r)  Figure  adjustment — Continued. 

Correlate  equations-— QanXxmisA, 

102)  =  -  Cja  -  2-98C67  +  2-98C„ 

103)  =  -C3,  -r4-i8C6,-2-98C77 

104)  =  —  C30  4- C3,  +  C38  —  I  •94C66  —  I  •20C67  —  o-22Cr7 

105)  =  -  C:i,  +  Cja  +  2-I6C66 

106)  =  +  C^  —  0-22C66  +  0-22C77 

107)  =  -C35-C36-0-3IlC58  — 3'IlC69-t-0-34C77 

108)  =  -h  C36  4-  o'SoSCee  +  S'oPCes, 

109)  =  -  C33  -f-  C35  -  I  'syCfiy  -  o- 1 97C68  -  I  •97C«9  -  0-46C77 
no)  =  -  C3,  +  C33 -fi -egCft, 

in)  =-f  Cga  — 0-I2C67  +  0-I2C77 
112)  =  -  C3,  -  C33  -  2-52C„ 

ii3)=-rC3,  +  2-52C7, 

114)  =  -f  C33  —  C35  —  0-I22C68  —  I'22Cf9 

115)  =  -  C34  -  C38  +  7-822C68 -f  3-88C69 

1 16)  =  +  C34  +  C35  -  C37  -  770C(58  -f  2-82C77 

1 17)  =  +  C37  4- C38  -  2-66C69  -  2-82C77 

Il8)=4-C34-}-C38 
II9)=-C36 
I20)=-C,4  4-C36 

121)  =  -C38 

122)  =  -C37-C38  — 3-3IC69-0-09C77 

i23)  =  -f  C38H-477C69 

124)=  + C37-C39-C4o-i-46C69-2-09C7o-fo-i9C^ 

i25)  =  -fC39-C4.-!  4-42C70 

126)    =  +  C40  +  C4,  -  2-33C70  -  O'lOCy; 

127)  =  -  C4,  -  C„  -  5-03C7,  +  2-  i8C„ 

128)  =  -  C3,  -h  C43  -  4*99^70  +  IO-45C7X 

129)  =  —  C40 4- C4a -h  5*42C7o  -  5'42C7,  —  2-I8C77 

130)  =  -  C37  -h  C39  -h  C40  -  I  •37C69  -  0-43C70 

131 )  =  -  C34  -  C35 + C37  -  872C68  -  275C77 

i32)  =  4-C34-C36  +  9'oiC«8  +  4-27C69 

133)  =  4-  C35  +  C36  -  0-29CM  -  2-9oC«,  +  275C77 

I34)=4-C3,-C43 

i35)  =  4-C43 

I36)  =  -C4. 

i37)  =  -C39  4-C4, 

138)  =  -  C40  --  C4X  - 1  -SSCto  -  2-98C77 

139)  =  4-  C40  -  C4a  4-  6-32C;o  -  6-32C7, 4-  2-98C77 

140)  =  4-  C4,  -  477C70  4-  772C7X 

14 1 )  =  +  C4a  -  C44  -  C45  -  I  •40C7,  -  0-002C7,  -  2-42C74  4-0-I9C7, 

142)  =  4- C44  -I  ooosC^  +  4*62C74 

143)  =  -f-  C45  —  OOO2C7,  —  2-20C74  —  0-I9C77 

i44)  =  -C49-i*28C73 

145)  =  -  C48  4-  C49  4-  3*9iC73  -  2-62C74  -h  2-63C77 
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(r)  Figure  adjustment — ^Continued. 
Correlate  eguatiofis— Completed, 
=  -  C4S  -  C46 -  2-013  2C^  -  rS^Cn  -  2-6307, 


146 

747 
148 

149 

752 

153 
154 
155 
156 
157 
158 

159 
160 

161 

162 

163 
164 

165 
166 

167 
168 
169 
170 
171 
172 

173 

174 

175 
176 

177 

178 

179 

180 

181 

182 

183 
184 

185 
186 

187 
188 


=  -  C44  +  C46  +  C48  4-  2'oi5  iC;,  +  4-48C,4 

=  — C4a  +  C44  +  C45  — 212C7, -ooo2C,a  — i*86C74  — ri6C^ 

=  -C43  +  9*23C,. 

=  -f-C4,  +  C43-7-iiC,xH-ri6C7, 

=  -C44 

=  -h  C44  —  C46  —€48 

=  —  C47  4-  C48 

=  -  C45 - 0002C7, -  r -99074 - 1 -9907, 

=  -  C46  -C47  +  2- 197  9^7*  +  472C74 

=  4- C45  +  C46- 2- 1959073-274073 -^  i'99C,7 
=  +  C47-Cso  +  4*iiC73-273C74  +  i-37Cn 
=  4- Cso- 1 -37073 -I -37077 
=  -C5«-i'6oC73 

=  -C49  +  C5.4-i-98C73 
=  4-C49-o-38C73 

=  4-C47-C48  +  3'3lC74 

=  4-  C48  -  C49  - 1  -78074  -  0-51C77 

=  +  049  — C51 

=  4^C5.-Cs.  +  o-86C77 

=  -C5o4-05.-o-86C77 

=  -  C47  +  O50  - 1  -53074  4-  0-51077 

=  -050-1-65073 -1-65077 

=  -f  Cso  -Oj.  -h  359073  +  I  -65077 

=  4-05,-053-054-1  -94073  - 1 -57076  - 1  -57076  -  0-07077 
=  4-053-055+4130754-4-18076 

=  4- O54  4- O55  -  2-6i075  -  2-6i07«  +  0-07077 

=  -  056  -  057  - 1 -3I076  -h  I  -97077 

=  -  O54  4-  Os6  -  10-68O75  -  I  -97077 

=  -  O5, 4-  O57  4- 13-53075  -f  4-16O76 

=  -  O5, 4-  Os3  4-  O54  -  098073  -  285075  -  2-85076  -  0-9807, 

=  -  O5.  -h  O5. 4-  2-67073  +  0-98O77 

=  4-05x-i-69073 

=  —  O53  4-  O55 

=  4-  Os3  —  O57 

= 4-057 

=  -055 

=  -  054  -  055  -  3-83075  -  3-83076  -  2-48C77 

=  4-  O55  -h  14-16075  -f  4-08O76 

=  4-  O54  -  Os6  - 10-33075  -f-  2-48077 

=  -0574-7-16076 

=  4- O56  4- Os7  -  3-88076  4- 1 '16O77 


500 


u 
18 

19 
20 
21 
22 

23 
24 
25 
26 

27 
28 

29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 


UNITED   STATES   COAST   AND   GEODETIC   SURVEY. 

(c)  Figure  adjustment — Continued. 
Normal  equations. 

Cx         Ca       C3        C4        Cs         C«         C7        C8        C9       Cw      Cxx       Cu      Cxj      C14      Cxj      Cx6     Cxj     Cx8 


I 

0=  —  I  -07 

2 

=  -  059 

3 

=  +  091 

4 

=  -  o"67 

5 

=»—  0*09 

6 

=  +  029 

7 

=  —  0  02 

S 

^+  1-24 

9 

-+  0-44 

10 

=  +  0-58 

It 

=3-  1-69 

12 

=  +  0-58 

»3 

=  -  0-39 

14 

=  +  043 

15 

=  -  1-38 

16 

=  +  079 

»7 

=»—    I -21 

18 

=  +   0-40 

+4 


+2 
+6 


—  2 

+2 
+6 


—2 
—  2 

+6 


—  2 

-f6 


—  2 


+6 


—2 

■  •  • 

•  ■  • 

•  I  * 

■  •  • 

•  •  • 

—2 

+6 

—2 

—2 

+6 

+2 
+6 

—2 
+2 

•  •  • 

•  •  • 

•  •  • 

+6 

—2 

+6 

—a 
+6 

•  ■  •       •  • 


—a 


+6 


—2 

+6 


—2 


+6 


—2 

—2 
+6 


+  2 
+  2 
+6 


—  2 

—  2 

+6 


Normal  ^^«a/i(7«5— Continued. 

i    Cx9     Cao      Cat     Caa    Ca^     C34    Ca5    Ca6    Crj    Ca8     C39     C^o     C3X     C3a    C33     C34     C35    C36     C37       C38     C39 


0=4-  0-43 
=  +  0-40 
=  -  0-66 
=  -  173 

=»--    2'24 

=  •+-  I '34 

=  —  0*09 

=  +  1  "16 

=  -  044 

=  -  055 

«+  149 

=  -  2-37 

-=-  085 

=  ~    0'02 
=  +   0-42 

=  -K  0-26 
=  -  0-57 
=  +  1-153 
=  -  1*34 
«-  1-83 
=»+  o'oS 

»+    I '79 
=  -H   1-68 


—2 

—  2 

+6 


+6 


—2     —2 

+6     ...     -2 
+6     -2 


-f6     ~2 
46 


-  2 

46 


—2 

—2 
4-6     —2 

4-6 


—  2     —2 
4-6     4-2     4-2 
4-6    -2 

4-6     -2     -2 

4-6    4-2    4-2 

4-6    -2 
4-6 


—2 

4-6    4-2  -2 

4-6  4-2 

4-6 


—2 
—2 

•  •  • 

4-6 


4-2 


4-2 
4-6 


—  a 


4-6 
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(r)  Figure  adJHstmait — Continued. 

j  C40      C4X      C«t     C43     C44     C4S      C|6     C4r      C4S     C«9      C50     Csi      Cs»     Css      C^     Cm      Cj*     C*. 


3"  I    o» 

3^ 
40 

41 
42 

::!  : 

45 1 
46 

47 

4S 
49 
50 
51 
52 
53 
54 
55 
56 
57 


I 

2 

3 
4 

5 
6 

7 
8 

9 
10 
II 
12 

J3 
14 

15 
16 

17 
18 

19 
20 
21 
22 

23 
24 

25 
26 

27 

28 

29 

30 
31 


+  o-oS 

+  1-6S 

-r  I  36 

-  o'To 

-  1*49 

-  0-6S 
+  o  97 

-  O'T^ 

+  I  038  2  I 

-  0-37 

+  0-79 
=  -  :-8o 

+  063 
.-  049 
=  -  077 
=  -  066 

'+  0-25 
»+  1*00 
=  -  1-66 
i_  o'69 


0=  —  I  07 
=  -  059 
=  -f  091 
«« -  o  67 
=  —  o'09 
=  +029 

r=-    0'02 

=  +  124 

«=+  044 
=  +  0-58 

=-  1 69 

=  +  058 

=-  039 

=+  043 

=  -1-38 

=  +  079 

=  -  1*21 
=  +  040 
=  -   066 

=  -  173 
=  -   2'24 

'=+  1*34 
=  —0*09 
=  4-  I  "16 
=  -  044 
=  ~  055 
=  +  1*49 
=  -  237 
=-  085 

«■—   0*02 

=  +   042 


—  2 
+  1 

+6 


—2 
+2 
+6 


—2 


+6 


-J 


+2 
+6 


-2     —a 


+6 


»  •  •  «  »  • 


i««  hft«  •*«  »• 


+  2 

—a 

-a 

+6 

+2 

+6 

+2 

+2 

«  •  « 

a    «    « 

+6 

—a 

+6 

k  »  • 

-a 

+6 

-a 


+« 


>•*  *  %  %  \  %  * 


-a 


+6 


•  %  m\ 


m  %  %  *••  ««• 


-J 

--2 

-h6 


-a 
+6 


—a 
+a 
+6 


-a 

+  2 
+6 


~i 


+4 


»  •  «  •  •  • 


«  •  •  •  •  « 


>  »  •  •  «  * 


>  *  •  •  •  • 


•  •  ft 


46 


Cs8 


CS9 


Nonnal  equaiioHs — Continued. 

C«o  C61  Cte  C61  C&i 


Ces 


C«6 


C67 


Cm 


+171 

+8 '93 
—0*09 
-2  65 


-1-52 
-I  "52 
+372 
+0-30 

-5 '51 
+  1*63 

-0-31 

-o  -31 


+2*10 

-7 '59 

—2*21 

+7  "84 
-2-94' 


+i'a6 
-1*44 
+080 

-3  56 
+0-79 
+4*35 
-3  08 
-1-65 

-O'll 


+a'oo 

-0-32 

-071 

+4*50 

-8*14 

+098 

+8 -81 

-465 

+3-58 

-5 '86 

-4*03 

+2-37 

+2 -81 

. 

-2 -43 

-1-90 

-ft '75 
+550 
+8  09 

-4 '93 

•  •o'8o 

+1-78 

-rai 

+092        

+  2'l8 

—172 
+172 
+172 


+0*54 
-7 '74 
+3 '74 
-3 '05 
-1*94 


+0*83 
-8'i8 
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(^)  Figure  adjustment — Continued. 
Normal  equations  —Continued. 


C58           Cs9 

Cte            C61 

C6. 

C63         • 

Cd4               C65 

Cm 

OS7 

C6B 

32 

=  + 

0*26 

■ 

-I '94 

+3*88 

■KS 

=  - 

057 

-3*45 

+0-075 

34 

-  + 

I  153 

+2 -208 

35 

=  - 

«'34 

-1*57 

+0  966 

36 

1-83 

• 

-8-481 

37 

=  4- 

o'o8 

-I  02 

38 

=  + 

1-79 

-7  -822 

58 

=  - 

7*2 

+59*09    +    1-35 

59 

=  - 

7*0 

+148*81 

-578        

60 



3 '4 

+49-14  +    4*145 

61 

=  + 

21 

+  IOX'03 

+32*63 

—   11*31 

62 

^4- 

1-4 

+76*82 

■♦•     7*64 

63 

=  - 

3*3 

+  173*17 

+    12*72 

64 

«  +  i6-o 

+  i8x-95  +9*44 

65 

=  + 

5-9 

+143*035 

+  4*37 

<V) 

=  + 

1-4 

+59*64 

+  2*33 

67 

-- 

3*3 

+55*84  +    0*31 

68 

-  + 

a  54 

+278-185 

Normal  equations — Continued. 

C69 

C70             C7.             C7.             Qn             C74 

C7S 

C7« 

C77 

I 

o=  — 

1-07 

— 

X79 

2 

=  — 

059 

— 

3''8 

3 

=  + 

0-91 

+ 

3  91 

4 

=  - 

0-67 

+ 

1-78 

5 

=,- 

0*09 

......          

•                "^ 

3  30 

6 

=  + 

0*29 

» 

~ 

1-17 

=  - 

0*03 

+ 

I  54 

8 

=  + 

1-24 

+ 

0-85 

9 

-  + 

0-44 

— 

3  39 

10 

=  + 

058 

^^* 

309 

IT 

=  - 

1-69 

+ 

724 

12 

=  + 

058 

— 

4  59 

13 

=  — 

039 

— 

2 '57 

14 

=  + 

043 

+ 

071 

15 

=  — 

1-38 

.••••■                        •■•«•.                        .»«•••                       ••^••a                        •••••■ 

•               ^"* 

042 

16 

=  + 

0-79 

— 

233 

17 

=  - 

1-21 

— 

0-17 

iS 

=  + 

040 

+ 

7 '01 

19 

=  - 

0-66 

— 

213 

30 

=  _ 

173 

•                ^^ 

5  10 

21 

=_ 

2  24 

+ 

I  04 

22 

=  + 

134 

+ 

013 

23 

=  - 

0*09 

+ 

3'" 

24 

=  + 

I -16 

— 

I -21 

25 

=  - 

044 

•  ••••••                       ••••«■•                        •••••••                       ••«»«••                       •••••• 

•                "^" 

I '33 

36 

=  - 

055 

— 

I '33 

27 

=  + 

I  "49 

+ 

2-91 

28 

2  37 

+ 

3  "32 

29 

=  — 

085 

— 

4-83 

30 

=  — 

0*02 

+ 

1-69 

3» 

=  + 

0*42 

+ 

7-06 

32 

=  + 

026 

— 

3*45 

33 

^- 

0-57 

+075 

+ 

3*61 
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(c)  Figure  adjustment — Completed. 
Normal  equations — Completed. 


34 
35 
36 
37 
38 

39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 

59 
60 

61 

63 

63 
64 

65 
66 

67 
68 

69 

70 

71 
72 

73 
74 
75 
76 
77 


1 

C69 

C70 

C71 

C73 

Crs 

C74 

C75 

C7« 

C77 

=  +  I -153 

+0*39 

+ 

5*57 

«~  I  34 

-054 

+ 

7*52 

—  I  83 

+  1-02 

+ 

3-41 

=  +  o-o8 

+056 

-  1-66 

- 

8*11 

»+  1-79 

+  1-54 

- 

2-73 

-+  1-68 

+0-09 

+11  -07 

-1045 

• 

- 

0-19 

-+   I -36 

+009 

+  1-78 

—  o'90 

+ 

7*85 

«—  0-70 

-  9*97 

+  772 

+ 

3-88 

—  1-49 

—  0*90 

—  0-46 

-0*56 

- 

4  83 

—  068 

-  4*99 

-  086 

— 

1*03 

-+  097 

—  072 

— 2'010 

+0-70 

— 

1*35 

»-  038 

-  072 

-0183 

— O'XX 

+035 

+ 

507 

-+  1038  3 

-03655 

— o-ii 

—0-34 

+ 

4-62 

—  037 

—  3-I98 

+4*" 

-3 -61 

+ 

0-86 

-+  079 

f2  0I5 

-3*91 

+  3-OI 

— 

3*14 

-=-  I  80 

+2  83 

—0-84 

+ 

3  14 

-+  063 

—0*24 

+  1-30 

+ 

1*93 

=  -  o'49 

—0*78 

— 

0*12 

—  077 

1-88 

+  1-38 

+  1-38 

— 

1*48 

=  -  066 

+0-96 

-10-63 

-1-26 

— 

0-91 

=»+  0-25 

♦  0-96 

+  0-39 

— o-o6 

+ 

6-09 

»+    I'OO 

•  • •% 1  • 

+  11-30 

+  I-I3 

+ 

2*55 

=  -  1-66 

-  035 

-2-57 

— 

5*26 

=  -  0*69 

+13*53 

-5-57 

— 

0-81 

--  7-2 

— 

13*52 

=  -  7-0 

— 

74*70 

=•-  3*4 

•   •  •  •  •  • 

•    •  •  •  •  • 

— 

079 

=»+  a-i 

— 

35-60 

=  +  1-4 

— 

5*98 

=•-  33 

— 

3*62 

=  4-160 

+  78-74 

=  +  5*9 

+ 

35 -4c 

=  +  1-4 

— 

14  15 

=  -  3*3 

+    3*09 

— 

19-33 

=»»-  2-54 

+  73*75 

+ 

1*45 

=  +  2-3 

+127*34 

+    3*64 

— 

0-60 

=  4   2-6 

+148  "89 

-158-39 

■        •   •  •    • 

+ 

11-47 

=+10-3 

+405*61 

+  0-007 

+    7-33 

— 

34-04 

-+  3071  3 

+17-766 

+"•3" 

+  19-442 

+ 

0933 

=  +80 

+87-07 

—  21-46 

+    5*84 

+    5-84 

+ 

31-62 

«+  05 

+112-59 

— 

4  43 

=  +  3*3 

+653-88 

+163-60 

+ 

7*64 

--  6-6 

+151*53 

+ 

5*14 

«-  41 

+367-75 
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C,  =-|-o  -280 
C=-oo97 
C3  =—0  '040 
C4  =-+0-090 
C5=+o-o8i 
C«  =-ho  -081 
C,  =-0  -059 
Cg  =^0  -241 
C,  =+0-178 

C,o=— 0-246 

C„=+o  -236 

Cxa=4-0-Il8 
C,3=-f-0*22I 
C,4=-hO  -038 

C,5=+o-i47 

C,6=+0  -018 

C,7=4- o  -282 

Cx8=+0-2I2 
Cx9= +0-253 

C«>=+o-563 


(I 

(3 
(4 
(5 
(6 
(7 
(8 

(9 
10 

II 

12 

13 

14 

15 
16 

17 
18 

19 
20 

21 

22 


// 
=+0-501 

=  —0-790 

=-0  -352 

=+0  -282 

=+0  -376 

=  -o-454 
=+0-214 

=—0-279 

=  +0-142 

=  —0-164 

=  —0-162 

=+0-290 

=  — o  -022 

=+0-058 

=  -0-157 

=+0-157 
=+0-144 

=  -0-144 

=-0097 

=  — o  079 

=+0-241 

=  +0  -400 


Resulting 

C„=+o  -702 
Q«i=-f  0-182 
C33=+o  -102 
Ca4=— o-o8i 

Ca5=+0  -026 
C96=+0  -060 
Ca7=— 0166 

Ca8=+o  -493 

C5= -0-094 

C3o=-o  -274 

C3.=  -0  -342 
C3a=+0  -136 
C33= +0-363 
C34=-  O  -309 
C35=  +0  342 
C36=+0  -031 

C37=+0  '077 
C38=— O  -181 

C39=-0  235 
C4o=— O  -109 


values  0/  correlates, 

C4,=— 0-018 
C4,=-r  0-378 
C43=-oi29 
C44=-o  -399 
C45=-ro  '534 
C46=— o  -959 

C47=+0  -647 
C48=+0  -487 

C49=+o*6io 
Cso=-^o  -219 

C5,=+0  -422 
C5a=+0  -456 
C53=+0  -077 

C54=+0  -348 
C55=— 0-282 

C56=+0  -778 

^57=+ O  "014 

C58=+o-i55  6 
Cs9=+o-i05  6 
C6o=+o-io8  I 


Resulting  corrections  to  angular  directions. 


(48 

(49 
(50 
(51 
(52 

(53 
(54 
(55 
(56 

(57 
(58 

(59 
(60 

(61 

(62 

(63 
(64 

(65 
(66 

(67 
(68 

(69 


// 
=+0-004 

=—0-360 

=  +0  -240 

=—0*089 

=+0-208 

=+0-471 

=  — I  -120 

=+0-257 

=+0*200 

=  — o  -297 

=  +0-489 

=  fo-i82 

=+0*029 

=-0*265 

=+0-054 

=      O'OOO 

=  -0431 

=+0-109 
=—0-178 
=—0-243 

=+0-744 

=+0-052 


(95 
(96 

(97 
(98 

(99 
100 

lOI 

102 

103 

104 

105 
106 

107 

108 
109 

no 
III 

112 

113 
114 

115 
116 


// 
=  —0-376 

=  +0-278 

=— o  -421 

=+0-695 
=-0-054 

=-^0-030 

=—0-251 

=  —0-019 
=  -»-o-3i2 

=—0-152 
=—0-059 

=  — 0081 
=  — o  -302 
=— o  -023 

=  —0-165 
=+0*350 

=+0-140 
=—0-303 

=  —0*060 
=  -r  0-034 

=+0-374 
=-0  -347 


C6x=+0 

C«to=-o 

C63=+0 
C«4=-0 
C65=-0 
C66=+0 
C6,=+0 

C«=-o 

0(59= -O 
C7o=-0 
C7,=  -0 
C;,=  -0 

C73=-0 
C;4-+0 
C;5=-0 
C76=+0 

C,,=+o 


•023  5 

*OI2  4 
•049  I 
•138   I 

•069  5 

•055  9 
•072  6 

•009  93 

•009  7 

-060  7 

'048  2 

•1386 

•^35  3 
-010  4 

-019  7 

•079  o 

•III  8 


(142 

(143 

(144 

(145 
(146 

(147 
(148 

(149 
(150 

(151 
(152 
(153 
(154 
(155 
(156 
(157 
(158 

(159 
(160 

(161 

(162 

(163 


=-0  352 
=  +0  -490 

=  -o-4S7 
=  -0-139 
=+0-766 
=—0*305 
=  — o  -290, 
=  —0-316 
=  -^-0-722 

=  +0399 
=  +0*073 

=—0*160 

=  —0-312 

=-0-777 

=  +0-056 

=+0-472 

=—0-003 

=+0-251 

=—0-206 

=  -0-456 

=  +0  -661 

=+0-194 
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Resulting  corrections  to  angular  directions — Completed. 


// 


(23; 

1=  0-465 

(24; 

1 =+0-074 

(25; 

1 =+0-261 

(26; 

)= -0-288 

(27] 

=—0-300 

(28; 

>= +0-253 

(29; 

)  —  +0  -092 

(30; 

)=  0295 

(31; 

i=+o-ioi 

(32] 

=+0-169 

(33; 

l=— 0*067 

(34; 

|=+o-ii4 

(35; 

1  = +0-132 

(36; 

>  =  -o-469 

(37; 

) =+0-083 

(38: 

1 =+0-140 

(39; 

1=    0-319 

(40; 

•=+0-422 

(41; 

(=—0-064 

(42; 

1= +0-255 

(43; 

|  =  — 0-063 

(44; 

)=— 0-231 

(45: 

)= -0-247 

(46: 

) =+0-176 

(47; 

)=+o-o68 

(70 

(71 

(72 

(73 

(74 

(75 

(76 

(77 

(78 

(79 
(80 

(81 
(82 

(83 
(84 

(85 
(86 

(87 
(88 

(89 
(90 

(91 
(92 
(93 
(94 


If 

=+0-468 

=+0-030 

=-0-550 
=—0*630 

=  +0*02I 
=  +0-827 
=  -0-175 
=  -0-043 
=  +0-249 
=  —0-119 
=  -0-183 
=  -0-319 
=  +0-371 
=  +  0-030 
=  -0-064 
=  +0*204 
=  —  0-170 

=— o-o86 

=+0*02I 

=—0-295 

=+0-400 
=—0-040 
=+0-246 

=-0-576 
=+0-427 


117 
118 
119 

120 

121 
122 

123 
124 
125 
126 
127 
128 
129 
130 

131 
132 

133 
134 
135 
136 
137 
138 

139 
140 

141 


// 

=  -0-393 
=  -0-490 

=  —0-031 

=  +0-340 

=+o-i8i 
=  +0-126 
=  —0-227 
=+0-583 
=-0  -485 
=+0-003 
=+0  -237 
=—0-095 

=+0-175 
=—0-382 

=  —0-176 

=  — o  -470 

=+0-711 

=—0-106 

=  —0-129 

=+o-oi8 

=+0-217 

=  — 0-II2 
=  —0-233 
=  — O'lOO 

=+0-306 


// 


(164 

(165 

(166 

(167 

(168 

(169 
(170 

(171 

(172 

(173 
(174 
(175 

(176 

(177 

(178 

(179 
(180 

(181 

(182 

(183 

(184 

(185 

(186 

(187 

(188 


(flf )  Adjusted  triangles^  Missouti  and  Kansas, 


To. 

Stations. 

Observed  angles. 

0 

/ 

ff 

'  Schnackenberg 

52 

13 

57  56 

I      Hubbard 

43 

08 

Sin 

Hughes 

84 

37 

06 '76 
02  -09 

Hf«rd 

43 

55 

02  -29 

2 

Hubbard 

86 

18 

08-77 

,  Hughes 

49 

46 

49-98 

1 

01  -04 

Heard 

78 

03 

56  20 

3  " 

Hubbard 

43 

09 

II  -00 

.  Schnackenberg 

58 

46 

54*03 
01  -23 

Correc- 
tions. 

// 
+0-42 

-0-35 
—0-50 


0-00 
+0-28 

+079 

+o'45 
+0-63 

—0-49 


Spher-  Spher- 
ical       ical 

angles,  excess. 

//  // 

57  '98  o  -55 

57  "42  o  *55 

06  -26  o  -56 


:— 0-199 

:+0  -188 

:+0  -062 
=  +0-141 
r -0-387 
:— 0*180 

=  -0-539 
=  +0-192 

: +0*607 

:— 0*081 

=  -0-675 

: +0-420 

:— O'OOI 

:-o-i77 

:— 0-217 
: +0-651 

=-o'359 

: +0-063 
: +0*014 
=  +0-282 
=  -0-570 
=  —0-239 
=  +0-051 

=  +0-552 
=  +0-6x5 


Logs. 


02  *29 

09-05 
50-77 

56-65 
11-63 

53*54 


1-66 
0-70 
0-71 
0*70 

2  *ii 
0-60 
061 
0-61 

1-82 


4  "439  731  o 
4-376  819  4 
4  *539  908  3 

4*439  731  o 
4  597  706  3 
4*481  464  2 

4  '539  908  3 
4  *384  422  8 

4*481  464  2 


Distances 
in  metres. 


27  525  23 
23  813-29 

34  666*37 


27  525  '23 
39  601  *oi 

30  301  *50 

34  666  -37 
24  233  -87 
30  301  -50 
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UNITED  STATES  COAST   AND  GEODETIC  SURVEY, 
(^)  Adjusted  triajigles^  Missouri  and  Kansas — Continued. 


No.  Stations. 

Schnackenberg 

Heard 

Hughes 

Kendrick 

Heard 

Schnackenberg 


Knob  Noster 

Heard 

Kendrick 


High  Point  Tebo 
7  K  Kendrick 

Schnackenberg 


High  Point  Tebo 
Knob  Noster 
Kendrick 


Normal 
9  <  Knob  Noster 
High  Point  Tebo 

Caldwell 

10  K   Knob  Noster 
.  High  Point  Tebo 

Caldwell 

11  <    Normal 

High  Point  Tebo 

Normal 

12  K   Knob  Noster 
Caldwell 


Observed  angles. 


Ill 

34 
34 


/  // 

oo  51*59 

o8  53*91 

50  1678 


02  "28 

57  50  15*10 
76  13  14  -27 

45  56  31*19 


00-56 

3^  32  57  *6o 

29  57  21  -31 

III  29  41*80 


0071 

52  23  44-11 

loi  42  03  '23 

25  54  14-01 

01-35 

47  37  45*97 
43  24  14-78 

88  57  59*87 


00-62 
61  26  26  -69 
78  42  43*55 
39  50  51*90 


02  '14 
49  16  36-11 
33  03  2871 
97  39  56-52 


01  34 
82  27  31  -93 

39  43  24-89 

57  49  04-62 


01-44 
loi  09  51  -58 

45  39  14*84 
33  10  5582 

02  -24 


Correc-    ^P^?"   ^V^T 

tions.         *^^        ^^*1 
angles,  excess. 


// 

—0-07 

+045 
—I  -29 

+0-31 
—0-31 

-fo-67 

4-0-02 
-fo-o8 
•01 


+0-55 
— o-oi 

-0-83 

— o-oi 

4-0-32 

—0-29 

4-0-02 
—0-71 

-0-55 

—0-24 
-fo-i6 
—0-36 

—0-17 
—0-60 
4-0-19 

—0-58 
—0-87 
4-0-07 


//  // 

51-52  0-45 

54  -36  o  -46 

15  -49  o  -46 


15*41 
13*96 
31*86 

57*62 
21-39 

41*79 

44-66 
03-22 
13*18 

45*96 
15*10 

59*58 

26*71 
42-84 
51*35 

35*87 
28-87 

56-16 

31*76 
24*29 
04*81 

51  'OO 
13*97 
55*89 


1*37 
0*41 

0*41 

0*41 


I  -23 
0-27 
0-27 
0-26 

o*8o 

0-35 
0-36 

035 

I  -06 
0-21 
0-21 
0-22 

0-64 
0-30 
0-30 
0-30 


0*90 
0-30 
030 
030 

090 
0-28 
0-29 
0-29 

0-86 
0-28 
0*29 
0-29 

0-86 


Log  J. 

4  '597  706  3 
4  *376  819  5 
4  -384  422  9 

4  -384  422  8 
4  -444  091  7 
4-313  284  o 

4  '313  284  o 
4*217  055  5 
4  *487  358  6 

4  '444  091  7 

4  *536  1 13  5 
4  *i85  573  3 

4*217  055  5 
4  -185  573  3 
4  -348  457  5 

r 

4  -348  457  5 
4*396  319  8 
4*211  489  8 

4  -348  457  5 
4*205  648  6 

4  464  965  9 

4  -396  319  8 
4  -205  648  5 

4  -327  647  5 

4  -464  965  9 

4  -327  647  5 
4*211  489  9 


Distances 
in  metres. 


39  601  'or 

23  813  30 

24  233-88 

24  233  *87 
27  803*00 
20  572  -36 

20  572  36 
16  483  *73 
30  715  '57 

27  803  'OO 

34  364  78 

15  331  'lo 

16  483  *73 
^5  331 *io 
22  307*84 

22  307-84 
24  906-91 

16  273  -83 

22  307  -84 
16  056  -41 
29  171  *98 

24  906  *9T 
16  056  '41 

21  264-12 

29  17:  -98 
21  264*12 
16  273  -84 
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(rf)  Adjusted  iriangUSy  Missouri  and  Kansas — Continued. 


Na 


13 


14 


15 


16 


>7 


20 


Stations. 


Baker 

Normal 

Caldwell 

Hutton  Mound 

Baker 

Caldwell 

Chapel  Hill 

Normal 

Baker 

Thornton 
Chapel  HUl 
Baker 

Fulton 
Baker 
^  Hutton  Mound 


Thornton 

18  {  Baker 
Hutton  Mound 

Thornton 

19  {  Baker 
Fulton 


Fulton 
Thornton 
Hutton  Mound 


Bowler 
21  {  Thornton 
Fulton 


Observed  angles. 


37    43 
86    02 

56    14 


1979 
2877 

II '31 


59*87 
64  14  45  *io 
74  17  51-88 
41  27  2576 


0274 
62  07  55  -12 
31  20  31-34 
86  31  34-40 


00*86 
56  23  38-35 
58  26  5661 
65  09  26-15 


01  -11 
75  33  22-57 
36  25  16  -29 
68  01  20  '70 


59*56 
51  26  46-51 

96  17  47*78 
32  15  27-45 


01-74 
76  18  04  '48 

59  52  31*49 
43  49  2575 


01  -72 

119  22  48*32 

24  51  17-97 

35  45  53*25 


59*54 

50  05  23-86 

100  00  33  -28 

29  54  04-03 

01  -17 


Correc- 
tions. 

// 

4074 

+o*55 
+040 


+0-30 
-049 
-o*39 

+0*42 
-fo-o6 
—0*09 

—0-15 

— O'll 

—0*17 

+0*79 
+0*32 

-fo*27 
—0-29 

O'OO 

*33 


4-0*29 
+0*32 
-fo-6o 

—0-28 
— o-o6 
— o-o6 


38-20 

56-50 
25*98 

23*36 
16*61 
20-97 

46*22 

47  78 
27-12 


4-0*03  04-51 
— o  -32  31  -17 
— o  -50      25  -25 


48-61 
18*29 

53*85 
23*58 

33*22 

03*97 


Spher- 
ical 
angles. 

Spher- 
ical 
excess. 

Log  J. 

Distances 
in  metres. 

// 

^ 

2053 

0-52 

4  '327  647  5 

21  264*12 

29*32 

0-52 

4  539  976  6 

34  671  82 

II  -71 

0-52 
1*56 

4  -460  791  7 

28  892  '94 

45*40 

0-72 

4  -539  976  6 

34  671  82 

51*39 

0-72 

4*568  894  5 

37  059  07 

25*37 

0-72 
2-16 

4  -406  307  4 

25  486  -34 

55*54 

0-42 

4  -460  791  7 

28  892  *94 

31*40 

0-42 

4  -230  450  2 

17  000-05 

34-31 

0-41 

4*513  527  5 

32  623  -27 

I  25 
0-23 
0-23 

0-22 

0-68 
0*32 
0*31 
031 

0-94 

037 
0-38 

037 

I  -12 
0-31 
0-31 
0*31 

093 
0*25 

0*25 

0*25 

075 
0*26 

0-25 

0-26 

0-77 


4  -230  450  2  17  000  05 

4  240  405  5  17  394  -24 

4  -267  706  2  18  522  -78 

4  -406  307  4  25  486  -34 

4  *I93  834  7  15  625  -53 

4  *387  490  o  24  405  63 

4  -406  307  4  25  486  -34 

4-510  460  7  32  393  71 

4  -240  405  4  17  394  -24 

4  387  490  o  24  405  -63 

4  '337  006  3  21  727  32 

4*2404055  17304-24 

4-510  460  7  32  39371 

4  *I93  834  6  15  625  53 

4*337  006  2  21  727 '32 

4*337  006  3  21  727  32 

4*445  521  3  27  894-67 

4*149  850  2  14  120-50 
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No. 


(d)  Adjusted  triangles,  Missouri  ajid  Kansas — Continued. 
Stations. 


22 


25 


27 


Bowler 
Chapel  Hill 
Thornton 


Berry 
23  \   Bowler 
Fulton 


Haskin 

Berry 

Fulton 


Thomas 

Marty 

Haskin 


Eckman 

28  {   Marty 
Thomas 

B^b^  Mound 

29  {  Thomas 
Haskin 

B^b^  Mound 

30  K   Eckman 
Thomas 


Correc       Spher-    Spher- 
Observed  angles.       \vq^'&  '        ^^^^         ^^^^ 

angles,    excess. 


o  /  // 

30  10  26  79 

22  31  49*19 

127  17  43-89 


59-87 
69  19  14  '95 
77  52  22  -13 
32    48    22  -31 


59*39 
37  32  43 '27 
52    48    31  -23 

89    38    44-13 


5863 
57    01     28  -22 

98    58    37*36 

23    59    5679 


02  37 

4S    04    44*95 

29    51     52*14 

102    03    23  -56 


00*65 
72    04    58-79 

46    54    35*94 
61    00    27  74 


02-47 

55    59     *o'i6 
52    09    14  -08 

71    51    36*82 


01  06 

33    50    4097 
120    50    35-18 

25     18    44  -06 


00*21 

52  31  07  50 
32  16  05*79 
95     12    49*21 

02  -50 


// 


// 


// 


-fo*54  27-33  0*18 
— o  -06  49  -13  o  *i8 
4-0 -18      44*07      0*17 


+0-42 
—0*07 
+1*38 

-fo*65 
+0*99 
-{-o'*6o 

-j-o*69 
-o*44 

-1*59 

—0*14 
-fo*8i 
-0*58 

—0*10 
—  I  *oo 
—0*06 

-ho 'I  I 
-f-o*i3 

-ho '20 

+0*65 

-ho -27 

-037 

-o*8o 

—0*32 
-0*37 


15*37 
22*06 

23*69 
43*92 

32  *22 

44*73 

28*91 
36*92 
55*20 

44-81 

52*95 
22*98 

58*69 

34*94 
27-68 

10-27 
14-21 
37*02 

41  -62 

35*45 
43*69 

06*70 

05*47 
48*84 


0*53 
0*37 
0*38 

0*37 

I  *I2 
0*29 
0*29 
0-29 

0*87 
0-34 
0*35 

o*34 

I  *03 
0*25 
0*25 
0*24 

0*74 

o*43 
044 

0-44 

1*31 
0-50 

050 

0-50 

I  *5o 
0*25 
0*26 
025 

0*76 

o*34 
0^34 
o*33 

I  -oi 


Log  J. 


Distances 
in  metres 


4  -267  706  2  18  522  -78 

4*149  850  I  14  120*50 

4  *467  108  5  29  316  26 

4*445  521  3  27  894-67 

4  -464  642  o  29  150  -23 

4-208  285  4  16  154*20 

4*208  285  4  i6  154*20 

4*324  642  8  21  117*51 

4  *423  381  4  26  508  -27 

4  *464  642  o  29  150  *23 

4  '535  577  3  34  322  '37 

4*150  218  6  14  132*49 

4*324  642  8  21  117*51 

4*150  218  6  14  132*49 

4*443  344  I  27  755*18 

4  *443  344  i  27  755  *i8 

4*328  421  6  21  302*06 

4*406  785  3  25  514*39 

4*406  785  3  25  514*39 

4*385  722  8  24  306*52 

4*466  142  9  29  251*15 

4*328  421  6  21  302*06 

4*5163869  32838*77 

4-213  594  o  16  352*87 

4  "385  722  8  24  306  -52 

4*213  593  9  16  352*87 

4  -484  348  6  30  503  -42 
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(^)  Adjusted  triangles,  Missouri  and  Kansas — Continued. 


No. 


Stations. 


Kanwaka 

31 

Eckman 

.  B^W  Mound 

Simmons 

32 

Eckman 

B^b^  Mound 

Simmons 

33 

Kanwaka 

B^W  Mound 

Kanwaka 

34 

Eckman 

Simmons 

Elevation 

35 

Kanwaka 

Simmons 

Mabon 

36 

Kanwaka 

Simmons 

Mabon 

37 

Elevation 

Simmons 

Elevation 

33 

Kanwaka 

Mabon 

Powell 

39 

Elevation 

Mabon 

Correc     ^P^^'    Spher- 
Observed  angles.        tions '      ^^*^         ^^^^ 

'     angles,    excess. 


// 


49  20  49  29 
71  18  07-35 
59  21  03-53 


00-17 

39  54  39*40 
43  07  59 -12 
96  57  23-13 


01-65 
84  15  60  -62 
58  07  43-20 
37  36  19  -60 


03-42 

107  28  32  -49 

28  10  08  -23 

44  21  21  -22 


01-94 
39  49  00-65 
79  56  07-91 
60  14  5371 


02  -27 


35  19  4069 
49  II  05  -88 
95  29  15-50 


02  -07 
86  35  08-78 
58  10  30-31 
35  14  21-79 

00 -88 

97    59    3096 
30    45    02-03 

51     15     28  09 


// 


// 


// 


01  -08 
73    02    53-17 

60     04      24  '20 
46      52      42  -69 

00*06 


-fl-I2         50-41         0-85 

-fo  -25      07  -60      o  -84 
-fi'oo      04-53      0*85 


— 0*02 
+069 

-fo-i8 
-fo-o7 

-0-75 

—0-82 


—0-21 
-fo-o8 
— 013 

-fo-3i 
-fo-09 

-fo-33 

+0-34 
-o  -28 

'     -fo-51 

+0-46 

-fo-34 
—0-14 


39*38 
59-81 
23-31 

60*69 

42-45 
18-78 


+0  -37  32  -86 

-o  -44  07  *79 

-fo*09  21*31 

-f  o  '24  00  -89 

—0-20  07*71 

-o  46  53  *25 


40-48 
05  96 
15 '37 

09*09 
30-40 
22  -12 


31 '30 

0175 
28  60 


53*63 
24*54 
42*55 


2-54 
0-83 
0-S3 
0-84 

2-50 
0-64 
0*64 
0-64 

I  '92 
0-66 
065 
065 

I  -96 
0-62 
o-6i 
0-62 


1-85 
o*6o 
0-60 
0*61 

I -81 

0-53 
054 
o*54 

1*61 

0-55 
055 
0*55 

I  '65 
0*24 
0*24 
0*24 

0*72 


Log  5. 


Distances 
in  metres. 


4  *484  348  6  30  503  *42 

4  *58o  746  8  38  084  -37 

4  *538  948  8  34  589  *86 

4  *484  348  6  30  503  *42 

4*511  951  3  32  505*08 

4  -673  880  3  47  193  *29 

4  -580  746  8  38  084  "37 

4*511  951  4  32  505*09 

4  -368  407  5  23  356  -48 

4  -673  880  3  47  193  *29 

4  -368  407  6  23  356  '49 

4  *538  948  8  34  589  *86 

4  -368  407  5  23  356  -48 

4  *555  265  5  35  914  -14 

4*500  611  2  31  667*31 

4  *368  407  5  23  356  -48 

4*485  283  5  30  569*16 

4*604  294  9  40  206*37 

4  '555  265  5  35  914  *I4 

4  *485  283  4  30  569  *I5 

4*317  207  7  20  759*06 


4  -604  294  9 
4*317  207  6 
4*500  611  2 


40  206  '37 
20  759  06 
31  667*31 


4*317  207  7   20  759*06 

4*274  351  3   18  808*38 
4*199  766  2   15  840*40 
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(d)  Adjusted  triangles^  Missouri  and  Kansas — Continued. 


No. 


40 


Stations. 


Clark 

Elevation 

Mabon 


Observed  angles. 


Correc-  Spher-    Spher- 
angles,   excess. 


tions. 


o 

37 
61 

80 


// 


// 


ii 


n 


22 
58 


54 '45 

23-84 
41-94 


00-23 

1*57 

'  Clark 

35 

59 

54  75 

+  I-I8 

55*93 

0-27 

41 

Powell 

109 

54 

04-98 

+0-37 

05-35 

0-27 

Mabon 

34 

05 

59  25 

+0-28 

59*53 

0-27 

58-98 

0-81 

•  Powell 

177 

03 

01-85 

—0  -830 

01  *020 

0-0I3 

42 . 

Clark 

I 

22 

5970 

-0  -295 

59  *405 

0-0I2 

Elevation 

I 

33 

59*64 
01  -19 

—0  -028 

59  -612 

0-012 

0-037 

Adams 

87 

39 

46-87 

-fo-46 

47*33 

0-47 

43 

Elevation 

36 

45 

05  19 

-0-74 

04-45 

0-48 

.  Clark 

55 

35 

09 '45 

-I-0-20 

09-65 

0-48 

01  -51 

1-43 

Adams 

32 

26 

13-91 

-0-35 

13-56 

0-23 

44 

Elevation 

38 

19 

04-83 

-0-77 

04  06 

0-23 

.  Powell 

109 

14 

43*75 

—0-67 

43-08 

0-24 

02-49 

0-70 

Adams 

55 

13 

32-96 

-fo-81 

33*77 

0-26 

45 

Powell 

67 

48 

18-10 

—0-16 

17-94 

0-25 

.  Clark 

56 

58 

09*15 

—0-09 

09-06 

0-26 

00-21 

0-77 

r  Meyer 

56 

09 

11-57 

—0-32 

II  -25 

0-29 

46 

Adams 

45 

18 

49-86 

—I  -07 

48-79 

0-29 

.  Clark 

78 

32 
1 

01  -12 

—0*29 

00-83 

0-29 

02-55 

0-87 

Zean  Dale 

35 

16 

23-47 

— 0*I2 

23-35 

0-50 

47 

Adams 

87 

27 

04-54 

-0-58 

03  96 

0-51 

.  Clark 

57 

16 

34-76 

—0-56 

34-20 

0-50 

02 '77 

1-51 

Zean  Dale 

53 

41 

17-47 

4-0 -oi 

17*48 

0-40 

48 

Adams 

42 

08 

14-68 

-fo-49 

15*17 

0-40 

Meyer 

84 

10 

28-35 

+0'20 

28-55 

0-40 

00-50 


+0-89 
4-0-31 

-fo'i4 


55  34  o  -52 
24-15  0-52 
42  -08      o  -53 


I  -20 


Log  J. 


4-317  207  7 
4  -478  402  3 
4  -528  523  4 


Distances 
in  metres. 


20  759-06 
30  088  -62 
33  769*40 


4*274  351  3  18  808-38 

4  -478  402  3  30  088  -62 

4-253  826  2  17  940-16 

4  -528  523  4  33  769  40 

4*199  766  2  15  840-40 

4-253  826  I  17  940-15 

4  -528  523  4  33  769  -40 

4*305  832  9  20  222-41 

4  *445  325  2  27  882  -08 

4  *I99  766  2  15  840  -40 

4  -262  706  7  18  310  -77 

4  445  325  3  27  882  -09 

4-253  826  2  17  940-16 

4-305  832  9  20  222-41 

4-262  706  7  18  310-77 

4  '305  832  9  20  222  -41 

4  238  326  6  17  311  -18 

4  '377  722  6  23  862  87 

4-305  832  9  20  222-41 

4  -543  871  I  34  984  -13 

4  -469  244  I  29  460  -77 

4  -377  722  6  23  862  -87 

4  -298  157  7  19  868  -16 

4  -469  243  9  29  460  -76 
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(</)  Adjusted  triangles,  Missouri  and  Kansas — Continued. 


No.        Station.  Observed  angles. 


Meyer 

49  \  Tj^kvl  Dale 
Clark 

Reinhard 

50  \  Zean  Dale 
Meyer 

Reinhard 

51  {  Zean  Dale 
Clark 

Meyer 

52  \  Clark 
Reinhard 

Humboldt 

53  {   Zean  Dale 
Reinhard 

Erricssen 

54  K  Zean  Dale 
Reinhard 

Erricssen 

55  \  Zean  Dale 
Humboldt 


56 


r  Humboldt 
Reinhard 
Erricssen 


57 


Robbins 

Erricssen 

Humboldt 


// 


140  19  39-92 
18  24  54  -oo 
21  15  26  -36 


00*28 
44  44  2605 
56  23  09  15 
78  52  25-43 


00-63 
61  14  50  -98 
74  48  03-15 
43  57  06-75 


00 -88 

140  47  54-65 

22  41  40  -39 

16  30  24  '93 


59*97 
90  25  3239 
41  02  33  -19 

48  31  56*35 


01-93 

46  36  50  96 
84  47  38-04 
48  35  3262 


01  -62 

46  33  33*38 
43  45  04-85 
89  41  20-42 


58-65 

179  53  07*19 
o  03  36  -27 

o  03  17-58 


01  -04 

53  59  07  73 

37  36  47*31 
88  24  05-34 

00-38 


Correc- 
tions. 

ff 
—0*12 
-fo-13 
-f-0-27 

—0-03 

+0-41 

+0-I5 

H-i  -oi 
+0-54 
— o-o6 


—0-03 

-0-33 
-fi-04 

-033 
-0-66 

-j-0-02 

+  1*25 

-f-o-i9 
— I  -06 

+0-84 
-fo-84 
-f-0-71 

-o  -384  4 
—  I  -070  4 
-i-0-416  6 

+0-58 
— o-o6 
—0-15 


Spher-        Spher- 
ical ical 
angles. 


if 
39-80 

54*13 
26-63 

26*02 

09  56 

25*58 

51*99 
03-69 

06-69 

54*62 
40*06 
25*97 

32*06 

32*53 
56-37 

52-21 
38-23 
31*56 

34*22 

05-69 
21-13 

06-805  6 

35  -199  6 
17*996  6 

08-31 
47*25 
05*19 


excess. 

// 
0-18 
0*19 
0-19 


0-56 

0-39 

039 
0-38 

I -16 
0-79 
0-79 
0-79 

2-37 
0-21 

0-22 

0*22 

065 
0-32 
0-32 
032 

0-96 
0-67 
0-66 
0*67 

2  -00 

0-35 
035 
0-34 

I  -04 
0-000  6 
o'ooo  6 
o'ooo  6 

o-ooi  8 
0-25 
0-25 
0-25 

0-75 


Log  J. 

'  4*543  871  I 
4  -238  326  5 

4  -298  157  7 

4  -298  157  7 
4-371  181  8 
4  -442  408  3 

4  -543  871  I 

4  -585  553  4 
4  -442  408  4 

4  -585  553  4 
4-371  181  9 

4  -238  326  6 

4  442  408  4 
4  -259  731  6 
4  -317  092  5 

4  -442  408  4 
4  -579  230  I 
4  -456  097  o 

4  -317  092  5 
4  -295  915  5 
4  -456  097  o 

4  579  230  I 
4  295  915  6 
4*259  731  7 

4  295  915  5 
4  -173  599  o 
4  *387  868  3 


Distances 
in  metres. 


34  984  *I3 
17  311 -17 
19  868  -16 

19  868-16 
23  506-17 
27  695  -44 

34  -984  '13 
38  508 -21 

27  695  -45 

38  508  -21 

23  506-17 

17  311  -18 

27  695  -45 

18  185-77 

20  753  "56 

27  695  -45 
37  951  60 

28  582  -29 

20  753  '56 

19  765  *85 
28  5S2  -29 

37  951  '60 

19  765  *85 

18  185-77 

19  765  *85 
14  914-17 

24  426-90 
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(rf)  Adjusted  triangles,  Missouri  and  Kansas — Continued. 


No. 


58 


Stations. 


Robbins 

Humboldt 

Reinhard 


Observed  angles. 

0  /  // 

49  45  34 '82 

91  29  01  '85 

38  45  24-81 


01  -48 

0*69 

Robbins 

103 

W 

42-55 

+0*19 

42-74 

0-47 

59 

Erricssen 

37 

33 

2973 

—0*48 

29*25 

0*48 

Reinhard 

38 

41 

48-54 
00*82 

-|-0'90 

49*44 

0*48 
1*43 

White  City 

79 

47 

II  "37 

-fi  'II 

12*48 

0*27 

60 

Robbins 

41 

31 

00*82 

4-0-39 

01  *2I 

0*28 

Reinhard 

58 

41 

46*84 

-fo*3o 

47*14 

0*28 

59  03 

0*83 

Wilmer 

51 

58 

36-95 

—0*36 

36-59 

0-51 

61 

Erricssen 

• 

57 

00 

3996 

+026 
> 

40*22 

0-51 

Robbins 

71 

00 

45*25 
02 '16 

-0-53 

44*72 

0-51 
1*53 

Taylor 

51 

13 

33*12 

+0*87 

33*99 

0-36 

62 

Robbins 

75 

56 

33*88 

—0*13 

33*75 

0*36 

.  White  City 

52 

49 

53*59 
00-59 

—0*25 

53*34 

0*36 
1*08 

Taylor 

64 

51 

36-99 

—0*04 

36  95 

0-43 

63 

Wilmer 

47 

21 

26*03 

+0-73 

26  76 

0-43 

Robbins 

67 

46 

57*50 

-fo-o8 

57*58 

0-43 

00*52 

I  *29 

Frey 

90 

23 

36-44 

+0*42 

36-86 

0*29 

64 

Wilmer 

53 

08 

06*03 

4-0*42 

06*45 

0*28 

Taylor 

36 

28 

17*72 

—0*18 

17*54 

0*28 

00*19 

0*85 

Vine  Creek 

40 

20 

07  'lO 

-(-0-62 

07*72 

0-68 

65- 

Wilmer 

92 

02 

32-31 

— 0*27 

32*04 

0*69 

.  Taylor 

47 

37 

22  '89 
02  -30 

— o*6o 

22  '29 

0*68 
2*05 

Frey 

112 

16 

48*48 

—0*64 

47*84 

025 

66 

Vine  Creek 

28 

48 

47  01 

+0-33 

47*34 

0*26 

^  Wilmer 

^   38 

54 

26*28 

—0*69 

25*59 

0*26 

01-77 


Correc- 
tions. 

// 

-0*39 

—0*23 
—0*17 


Spher-  Spher- 
ical ical 
angles,  excess. 

//  // 

34  '43  o  -23 

01  '62  O  *23 

24  '64  O  *23 


077 


Log  5. 

4  '259  731  6 
4  -376  868  I 

4*173  599  I 


Distances 
in  metres. 


18  185  -77 
23  815  96 
14  914-17 


4*579  230  I  37  951*60 

4  -376  868  2  23  815  '97 

4*387  868  4  24  426*90 

4  -376  868  I  23  815  *96 

4  *205  214  2  16  040  *36 

4  *3i5  479  o  20  676  60 

4  -387  868  3  24  426  *9o 

4*415  120  o  26  008*78 

4*467  176  4  29  320*84 

4*315  479  o  20  676*60 

4  *4io  390  2  25  727  -07 

4  "324  977  4  21  133  '79 

4*415  120  o  26  008*78 

4*324  977  6  21  133*80 

4  *424  836  4  26  597  *23 

4  -424  836  4  26  597  -23 

4*327  964  7  21  279 -66 

4*198  941  7  15  810*36 

4  424  836  4  26  597  *23 

4  *6i3  482  I  41  065  '97 

4  -482  239  I  30  355  62 

4  *482  239  I  30  355  -62 

4  -198  941  7  15  810  -36 

4  '313  936  6  20  603  -29 


TRANSCONTINENTAL  TRIANGULATION — PART  III — TRI ANGULATION.      513 

(d)  Adjusted  triangUs,  Missouri  and  Kansas — Completed. 


No. 

Stations. 

Observed  angles. 

Correc- 
tions. 

ical 
angles. 

ical 
excess. 

Log  J. 

Distances 
in  metres. 

0 

/ 

// 

// 

// 

// 

Frey 

157 

19 

35 -08 

+0-22 

35-30 

015 

4  -6x3  482  I 

41  065  -97 

67 

Taylor 

II 

09 

05*17 

-0*42 

04 -75 

0-14 

4-313  936  6 

20  603  -29 

Vine  Creek 

II 

31 

20*09 
00  34 

-f-o*29 

20-38 

0-14 
0-43 

4  327  964  7 

21  279 -66 

Iron  Mound 

61 

10 

06  64 

-i-o-6i 

07-25 

I -13 

4  -613  482  I 

41  065  97 

68 

Vine  Creek 

71 

53 

08-67 

—0-05 

08-62 

I -13 

4  -648  881  I 

44  553  -42 

Taylor 

46 

56 

46-4-i 
0173 

-f  I  -lo 

47-52 

I -'3 
3-39 

4  -534  704  9 

34  253  -50 

Frey 

93 

25 

41  '16 

—0-05 

41  -IT 

0-68 

4  -648  881  I 

44  553  -42 

69 

Taylor 

58 

05 

51-59 

-fo-68 

52-27 

0-68 

4-578  541. 1 

37  891  -44 

Iron  Mound 

28 

28 

28-60 

+006 

28-66 

0-68 
2  04 

4  -327  964  8 

21  279  67 

01-35 

Vine  Creek 

83 

24 

28-76 

+024 

29-00 

0-60 

4-578  541  I 

37  891  -44 

70 

Frey 

63 

53 

53  92 

-fo-27 

54-19 

0-59 

A  534  705  0 

34  253  -50 

Iron  Mound 

32 

41 

3804 

+0-55 

38-59 

059 

4-313  936  7 

20  603  30 

00-72 


1-78 


{e)  Precision  of  the  Missouri- Kansas  series  of  triangles: 

For  the  purpose  of  determining  the  uncertainty  of  the  developed  length  of  the 
triangulation,  the  series  may  be  divided  into  three  parts  by  the  lines  Normal-Caldwell 
and  Zean  Dale-Reinhard.  The  probable  error  in  length  (in  parts  of  the  length)  of  each 
section  may  with  sufl&cient  accuracy  be  taken  as  the  mean  of  the  probable  errors  of  the 
limiting  lines.  The  probable  error  in  length,  due  to  the  angular  measures,  of  any  side 
may  be  computed  by  the  usual  formulae-^ 


tn 


=  ^£l^.     „,.  =  ^/,  (s„y' 2''  [«1  +  «^  ^ ^  »;]     «nd    '•»  =  0-674  S   «s/ 


Ua 


From  the  figure  adjustment  involving  77  equations  and  188  directions  we  have 
m  =  ±1  o"'73.     For  the  line  Normal  to  Caldwell  ^a  =  20*4  in  units  of  the  sixth  place  of 

decimals  in  the  logarithm. 

Starting  from  the  side  Hubbard  to  Hughes  of  the  Versailles  Base  Net  ^'=  54*8 
(7    triangles),  ^a=  ±0-147    metre,    <rb==b  0-062    metre,    and   <?,=  zfc  0-160    metre. 

Starting  from  the  side  Vine  Creek  to  Iron  Mound  of  the  Salina  Base  Net  -2  =  164-3 
(25  triangles),  ea  =±0*254   metre,    ^6==bo-o8i    metre,    and   ^,=  ±0-267   metre. 

Then  for  the  probable  error  of  the  length  of   Normal  to  Caldwell  as  a  side  of  the 

€  e 
adjusted   triangulation   ^=   .--^^-p^=  ±0-137   metre,   or  about   uj^crov  part   of  the 

length.     For  the  side  Zean  Dale  to  Reinhard  ^a^=  157.     Starting  from  the  side  Hub- 
18732— No.  4 33 


Probable 

errors. 

Average. 

m. 

S44^000 

155^000 

2U*oozr 

=to-34 

155^07 

171*007 

lAS^OOO 

I  '46 

TTl^OOTJ 

175*500 

107*000 

Sum 

0-40 

-^2"20 
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bard  to  Hughes  2=  185*7  (26  triangles),  ea  =  ±0*351  metre,  ^i,  =  d=o'o8o  metre, 

and  ^,=  ±  0*360  metre.     Starting  from  the  side  Vine  Creek  to  Iron  Mound  2  =  33*4 
(6  triangks),    Ca  =±0*149    metre,    ^&=  ±0*105    metre,    and   ^,=  ±0*182  metre. 

Finally  e  =  ±0*162  metre,  or  about  TTT^Trir  P^rt  of  the  length. 

For  the  effect  on  the  arc  we  have  approximately  (the  distances  being  measured 
along  the  thirty-ninth  parallel  between  the  projections  of  the  middle  points  of  the 
terminal  lines) — 

Terminal  lines.  Distance. 

Km. 

Hubbard  and  Hughes  to  Normal  and  Cald-  73  6 

well 
Normal  and  Caldwell  to  Zean  Dale  and        237  "4 

Reinhard 
Zean  Dale  and  Reinhard  to  Vine  Creek  83  "5 

and  Iron  Mound 

394*5 

8.    THE   KANSAS-COLORADO   SERIES  OF  TRIANGLES,    1880-81,   189I-92-93,    1895. 

{a)  Ijitrodudion. 

Between  the  Salina  Base  in  central  Kansas  and  the  El  Paso  Base  in  Colorado  on  the 
eastern  flank  of  the  Rocky  Mountains  the  connecting  triangulation  follows  the  trend  of 
the  Smoky  Hill  River  to  the  eastern  Colorado  boundary  line,  and  along  the  whole  line 
deviates  but  little  from  the  course  of  the  Union  Pacific  Railroad.  The  ascent  of  the 
vSmoky  Hill  Valley  is  gradual  up  to  First  View,  which  is  at  an  altitude  of  nearly  4  600 
feet ;  farther  to  the  west  the  ridge  forming  the  watershed  between  the  Arkansas  River 
and  the  South  Platte  River  rises  to  6  000  feet  and  more,  the  El  Paso  Base  itself  lying  at 
an  altitude  of  not  quite  6  800  feet.  In  western  Kansas  the  land  is  barely  undulating,  but 
in  the  Colorado  region  it  becomes  slightly  rolling;  the  streams  are  generally  cut  deepl} 
into  the  sloping  treeless  plains.  In  order  to  cross  the  ridge  at  First  View%  it  was  founu 
necessary  to  mount  the  instrument  about  35  feet  above  ground,  but  elsewhere  observa- 
tions w^ere  generally  made  at  the  ordinary  height  of  the  eye.  Measured  along  the  axis 
of  the  triangulation  the  distance  from  base  net  to  base  net  is  564  kilometres  or  35oJ^ 
statute  miles. 
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(d)  Abstract  0/  resulting  horizontal  directions  at  each  station  from  local  and  from  Jigure 

adjustments,  1880  to  189s - 

Heath,  Ellsworth  County,  Kansas.    July  8  to  July  25,  1891.    35-centimetre  theodolite,  No.  10.    Tele- 
scope above  ground  17  30  metres.     F.  D.  Granger,  observer. 


No.  of 
direc- 
tion. 


Objects  observed. 


«n«ffr!jI5^.^iH«;     Reduction     Resulting     f?©^?^^*  ^"^^l^    seSndi in 
tions  from  station    to  sea  level,     seconds       net  adjust-     fi^Ve  ad       triangula- 

"«"^-         ju^ment."         *>^°- 


adjustment. 


3 
4 
5 


Lincoln 
Thompson 
Vine  Creek 
North  Pole  Mound 
Iron  Mound 
Ellsworth  water  tower 

pole 
Wilson 
Golden  Belt 
Meades  Ranch 


o  /  //                         // 

o  00  OO'OO  — O'OI 

46  04  27-51  +0-03 

72  07  24  "06  +0  '02 

81  17  05 '14  +0*02 

103  36  35*87  — o-oi 

241  44  04-27  +0-03 


// 


59  99 
27*54 
24 -oS 

05-16 
35*86 
04-30 


•  •  •  • 

-fo-68 

—  I  -11 

-  o  35 
-hO-77 


// 


+019 


00 -18 

28 '22 
22  '97 
04-81 
36-63 


282  15  47  -25 
312  37  28  -69 
323  40  31-61 


o  -oo  47-25  — o  "35 

-0-03  28-66  —  I  -07 

— 0-04  31*57  ••         +0-72 

Probable  error  of  a  single  observation  of  a  direction  (D.  and  ^. )  =  dt  0^^-84. 


46-90 

27*59 
32*29 


Thompson,  Ottawa  County,  Kansas.     August  6  to  August  10,  1891.     35-centimetre  theodolite,  No.  10. 

Telescope  above  ground  i  "68  metres.     F.  D.  Granger,  observer. 


Heath 

0 
0 

00 

// 

OO'OO 

// 
+004 

00*04 

// 
—0-21 

•  •  •  • 

// 

59-83 

I 

Golden  Belt 

38 

54 

02  -24 

-!-0'02 

02 '26 

■  «  ■  • 

—0-64 

02    -90 

2 

Lincoln 

58 

20 

08-93 

—O'OI 

08 '92 

•   •  •  • 

-fo-30 

09-22 

Vine  Creek 

227 

20 

01-45 

—O'OI 

01  -46 

-fo-6o 

■       •      •      A 

02    -06 

North  Pole  Mound 

267 

03 

34*82 

— 003 

34*79 

-0-86 

•       •       •       • 

33*93 

Iron  Mound    . 

279 

10 

48-50 

— 003 

48-47 

-^-o  -46 

t       ■       •       • 

48-93 

Probable  error  of  a  single  observation  of  a  direction  {D,  and  A*. )  =  rb  0^^*56. 

Lincoln,  Lincoln  County,  Kansas.     August  22  to  August  31,  1891.     35-centimetre  theodolite,  No.  10. 

Telescope  above  ground  6*07  metre.     F.  D.  Granger,  observer. 

Resulting  direc-      Reduction     T,^o«ifj^«    Corrections     -„"3i:« 

tions  fronf  station.       to  sea         ^^^^^    from  fip.re    ^^^^. 

adjustment.  level.  seconas.     adjustment.       ^"JP"* 


No.  of 
direc- 
tion. 

Objects  observed. 

8 

Heath 

9 

Wilson 

10 

Golden  Belt 

II 

Meades  Ranch 

7 

Thompson 

o 

62 

64 

120 

284 


/ 

00 
10 

07 
03 
24 


00 'OO 

33*15 
02  -20 

48-52 
36  70 


// 

—O'OI 

-fo-04 
+0-03 
—0-03 

—O-OI 


// 


// 


59*99 

33*19 
02  -23 

48-49 
36-69 


-rO'i3 
-fi-o8 
-o'-64 
4-0 -17 

-0-74 


tion. 
// 
00-12 

34*27 

01-59 
48-66 

35*95 


Probable  error  of  a  single  observation  of  a  direction  {D,  and  R. )  =  :^&^'(iU 
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(d)  Abstract  of  resulting  horizontal  directions  at  each  station  front  local  and  from  figure 

adjustments,  1880  to  18^ — Continued. 

Golden  Belt,  Lincoln  County,  Kansas.     September  12  to  September  23,  1891.     35-centimetre  theodo- 
lite, No.  10.     Telescope  above  ground  177  metres.     F.  D.  Granger,  observer. 

No.  of  Resulting  dircc-       Reduction     d««..i»j««    Corrections   «,^Uifi:„ 

direc-  Objects  ohsen,cd.  tions  from  station         to  sea         ^t^n""*^    from  figure  ?S?"«»il 

tion. 


12 

Lincoln 

n 

Thompson 

14 

Heath 

15 

Wilson 

16 

Meades  Ranch 

adjustment. 

level. 

sci;uuua. 

adjustment. 

irianguia 
tion. 

0         / 

// 

// 

// 

// 

// 

0     00 

00  "OO 

-ho -03 

00   03 

-0-45 

59-58 

20     51 

27  -80 

-f0  02 

27  -82 

4-0-64 

28-46 

68    30 

27  -07 

-003 

27    04 

-0-13 

26-91 

175     56 

58  10 

-ro*o4 

58  -14 

-0  -04 

58-10 

268     15 

18-95 

— 004 

18-91 

.   —0  -02 

18-89 

Probable  error  of  a  single  observation  of  a  direction  {D.  and  A*. )  =  rb  o'^'49. 

/ 
Meades  Ranch,  Osborne  County,  Kansas.     September  29  to  October  16,  1891.     35-centimetre  theodo- 
lite, No.  10.     Telescope  above  ground  i  62  metres.     F.  D.  Granger,  observer. 


// 


// 


// 


// 


// 


26 

Wilson 

27 

Bunker  Hill 

28 

Blue  Hill 

29 

Waldo 

23 

Lincoln 

24 

Heath 

25 

Golden  Belt 

0 

00 

00 -co 

~o*oi 

59*99 

— 008 

59-91 

26 

40 

18-63 

4  0-02 

18  65 

40-25 

18-90 

67 

49 

15  82 

-^004 

15-86 

-^0-22 

16-08 

82 

10 

52-84 

4-0-02 

52-86 

-0-24 

52  62 

297 

36 

28  74 

—0-02 

28-72 

—0-19 

28-53 

321 

13 

13  46 

-004 

13-42 

-f  1-17 

14-59 

329 

55 

03  -82 

—0-03 

03-79 

-I -13 

02  -66 

erva 

tion 

of  a  direction  (/?. 

and  R. )  = 

dbo^''-72. 

Wilson,  Russell  County,  Kansas.     October  24  to  November  9,  1891.     35-centimetre  theodolite,  No.  10. 

Telescope  above  ground  15- 10  metres.     F.  D.  Granger,  observer. 


Golden  Belt 

0 
0 

00 

// 
00-00 

4-0-03 

00-03 

// 
—0-70 

// 

20 

59-33 

21 

Lincoln 

2 

06 

33  -33 

-J-003 

33  36 

4-0-21 

33-57 

22 

Heath 

42 

II 

48-31 

0-00 

48-31 

-1-0-45 

48-76 

Ellsworth  water  tower 

71 

34 

59-67 

•   •  ■  fl 

•   •  •  • 

•   •   ■   • 

■   •  •  • 

17 

Bunker  Hill 

221 

30 

50 -47 

O'OO 

50  47 

-fo-34 

50-81 

18 

Waldo 

267 

34 

02  89 

—0-04 

02  85 

— o-i6 

02-69 

19 

Meades  Ranch 

302 

23 

1579 

— O'OI 

15-78 

—0-14 

15-64 

Probable  error  of  a  single  observation  of  a  direction  {D.  and  R, )  =  0^^-76. 

Bunker  Hill,  Russell  County,  Kansas.     May  26  to  June  16,  1892.     35-centimetre  theodolite,  No.  10. 

Telescope  above  ground  12  09  metres.     F.  D.  Granger,  observer. 


Ru.ssell  Southeast 

Russell  Northwest 

32 

Blue  Hill 

33 

W^aldo 

34 

Meades  Ranch 

35 

Wilson 

30 

Fairmount 

31 

Allen 

0 

/ 

// 

// 

// 

// 

// 

0 

00 

00 -oo 

•  •   «  • 

•    •    •    ■ 

•   ■   •  • 

00-00 

27 

03 

41-08 

•  •  •  • 

•     •    •    • 

•   •   ■   • 

•  ■  •  » 

33 

32 

12-99 

0-03 

12  -96 

-ho -63 

13-59 

85 

13 

35-25 

—0*02 

35  23 

-032 

'34-91 

123 

22 

08-71 

4-0-02 

0873 

40 -21 

08-94 

195 

49 

27-58 

O'CO 

27-58 

-054 

27  04 

333 

37 

51-96 

4-0-04 

52-00 

i-i-38 

53-38 

354 

36 

02-45 

4-0 -02 

02-47 

-1-36 

01  "11 

Probable  error  of  a  single  observation  of  a  direction  (D,  and  ^.)  =  -f-  a'' 85. 
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(^)  Abstract  of  resultmg  horizontal  directions  at  each  station  from  local  and  from  figure 

adjustments,  1880  to  i8gs — Continued. 

IVaidOy  Osborne  County,  Kansas.     June  23  to  July  7,  1892.     35-centimetre  theodolite.  No.  10.     Tele- 
scope above  ground  1 72  metres.     F.  D.  Granger,  observer. 


No.  of 
direc- 
tion. 

Objects  observed. 

Russell  Southeast 

Russell  Northwest 

39 

Allen 

40 

Blue  Hill 

36 

Meades  Ranch 

37 

Wilson 

38 

Bunker  Hill 

Resulting  direc- 
tions from  station 
adjustment. 

Reduction 
to  sea 
level. 

Resulting 
seconds. 

Corrections 
from  figure 
adjustment. 

Final 
seconds  in 
tnangula* 

tion. 

0         / 

// 

// 

// 

// 

// 

0      GO 

00  "OO 

•    ■   ■    • 

■    •    •   • 

•    •  •    • 

00  00 

5    31 

38-18 

•    •    •   • 

«    •    •    • 

•    ■    •    • 

■    •    «    ■ 

II    56 

08 -60 

-fO'OI 

08-61 

-1*37 

07 -24 

55     28 

07  *66 

-ho -04 

0770 

40-33 

08-03 

261     46 

52 -66 

-I-0-02 

52-68 

-}-oo8 

5276 

324    46 

48-94 

—0*04 

48  90 

-1-0  81 

4971 

348    07 

47* '4 

—0*02 

47  12 

4-0-14 

47-26 

Probable  error  of  a  single  observation  of  a  direction  (/),  and  A*. )  =  dr  o'^-7o. 

Alleti,  Russell  County,  Kansas.     July  13  to  July  25,  1892.     35-centimetre  theodolite,  No.  10.     Tele- 
scope above  ground  7*28  metres.     F.  D.  Granger,  observer. 


Russell  Northwest 

Russell  Southeast 

45 

Bunker  Hill 

41 

Fairmount 

42 

Hays 

43 

Blue  Hill 

44 

Waldo 

0 

/ 

ff 

// 

// 

// 

// 

0 

00 

00-00 

•  •  •  ■ 

•    •    •    • 

•   •   ■   • 

00*00 

37 

28 

57-42 

a     •     •     « 

•     •     •     « 

•      ■      •      a 

•    •    •    • 

42 

II 

16*19 

-ho  02 

16 -21 

-0-03 

I6I8 

185 

41 

56-09 

4-0  04 

56-13 

095 

55-18 

257 

02 

04-46 

-  002 

04  44 

4-0-17 

04  *6i 

282 

32 

08  62 

-004 

08  58 

—  0-14 

08 -44 

33^ 

37 

cyj-ee 

-1-0 -oi 

07  67 

40-96 

08*63 

Probable  error  of  a  single  observation  of  a  direction  {/).  and  /*. )  =  rb  o''*69. 

Fqirtnount,  Barton  County,  Kansas.     August  i  to  August  15,  1892.     35-centimetre  theodolite,  No.  10. 

Telescope  above  ground  5-92  metres.     F.  D.  Granger,  observer. 


57 

Allen 

58 

Bunker  Hill 

53 

La  Crosse 

54 

Smoky  Hill 

55 

Hays 

56 

Blue  Hill 

0 

00 

// 
00-00 

-to  04 

ff 
00-04 

ff 
0*93 

ff 

0 

59*11 

15 

31 

II  80 

—004 

11-84 

-f  I  -01 

12-85 

214 

19 

34*44 

40  03 

34*47 

055 

33*92 

242 

37 

55  44 

— O'OI 

55*43 

4-0  90 

56 '33 

284 

34 

5231 

— 004 

52*27 

—0-40 

51*87 

312 

03 

35*94 

— 002 

35*92 

-  0-02 

35-90 

Probable  error  of  a  single  observation  of  a  direction  {D.  and  R. )  =  ±0^^-79. 

La  Crosse,  Rush  County,  Kan.sas.     August  24  to  September  i,  1892.     35-centimetre  theodolite,  No.  10 

Telescope  above  ground  7-46  metres.     F.  D.  Granger,  ob.server. 


67 

Hays 

68 

Blue  Hill 

69 

Fairmount 

65 

Skaggs 

66 

,  Smoky  Hill 

0 

/ 

ff 

// 

ff 

ff 

ff 

0 

00 

0000 

GOO 

00  00 

-0-2I 

00-21 

19 

06 

2471 

40-03 

24*74 

-i-i-i6 

25-90 

68 

50 

05  -00 

-U0O3 

05*03 

-0-56 

04-47 

279 

57 

29*32 

-0-02 

29*30 

— 001 

29-29 

301 

34 

38-90 

—0-04 

38*86 

-0-80 

38-06 

Probable  error  of  a  single  observation  of  a  direction  {D.  and  R, )  =±0^^-61. 
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(^)  Abstract  of  resulting  horizontal  directions  at  each  station  front  local  and  from  Jigure 

adjustments,  1880  to  i8g5 — Continued. 

Hays,  Ellis  County,  Kansas.     September  9  to  September  26,  1892.     35-centimetre  theodolite,  No.  10. 

Telescope  above  ground  7  "32  metres.     F.  D.  Granger,  obser\'er. 

Resulting  direc-        Reduction       H-.«,iHi«r   Corrections     «^\!!?i:„ 

tions  from  station  to  sea  ^S!"!^   from  figure     !!J?"f.V" 

adjustment.  level.  seconds,     adjustment.      Triangula- 


No.  of 
direc- 
tion. 

Objects  observed 

62 

La  Crosse 

63 

Smoky  Hill 

64 

Trego 

59 

Blue  Hill 

60 

Allen 

61 

Fairmount 

// 


O  00  00*00 

49  23  59  00 

87  15  03  12 

243  16  47*55 

285  50  34  20 

319  05  18*56 


// 
o*oo 

—0*05 

4-0 'OI 

4-0*03 

—0*02 
—004 


// 
00*00 

59  05 
03 '13 
47-58 
34-18 
18*52 


// 
-0-68 
—0*28 
-fo*44 
-0*56 
-fo*i6 


4-0*92 
Probable  error  of  a  single  observation  of  a  direction  (/?.  and  R. )  =  dzO''^*9o. 


tion. 

59 -32 
5877 
03-57 
47-02 

34-34 
19*44 


Smoky  Hill,  Ellis  County,  Kansas.     July  31  to  August  8,   1893.     35-centimetre  theodolite.  No.   10. 

Telescope  above  ground  i  '64  metres.     F.  D.  Granger,  observer. 


71 

Trego 

72 

Hays 

73 

Fairmount 

74 

La  Crosse 

70 

Skaggs 

0 

00 

// 
00 'OO 

-003 

// 

-^0*05 

// 

0 

59-97 

00 '02 

71 

03 

01-43 

4-0  04 

01*47 

-0-43 

01    04 

118 

47 

28*26 

— O'OI 

28  25 

-to  75 

29  00 

143 

13 

41  -91 

—0-04 

41*87 

-0  *25 

41  -62 

269 

07 

17*08 

-^0*04 

17*12 

-0-I2 

17  'OO 

Probable  error  of  a  single  observation  of  a  direction  {D.  and  R.)  =  zto^^'$8. 

Blue  Hill^  Ellis  County,  Kansas.     October  6  to  October  26,  1892.     35-centimetre  theodolite,  No.  10. 

Telescope  above  ground  4*42  metres.     F.  D.  Granger,  observer. 


// 


// 


// 


// 


// 


49 

Allen 

50 

Fairmount 

51 

La  Crosse 

52 

Havs 

46 

Waldo 

47 

Meades  Ranch 

48 

Bunker  Hill 

Russell  Northwest 

Russell  Southeast 

0 

00 

00  'CO 

-004 

59  96 

I '37 

58  -59 

35 

13 

23 -49 

—0*02 

23-47 

O'OO 

23-47 

67 

45 

43  "95 

-T  0  *03 

43-98 

-f-I  -14 

45-12 

HI 

56 

08-38 

-^-0  '04 

08*42 

—0*05 

08  47 

277 

36 

57  -68 

-^-0  -04 

5772 

-  0*19 

57*53 

289 

34 

06*62 

4-0  03 

06*65 

-0  *o3 

06  62 

338 

35 

17  "55 

-0  *02 

17-53 

^0-40 

17-93 

341 

^5 

05*98 

•     •    •     • 

•    •   •   • 

•          B          »         ■ 

.... 

345 

58 

52  24 

■    •     •     • 

■    •   •   ■ 

■           •          ■         • 

■    •   ■   • 

Probable  error  of  a  single  observation  of  a  direction  [D.  and  A*. )  ^  rt  o^'''82. 

Treji^o,  Trego  County,  Kansas.     August  15  to  August  25,    1893.      35-centimetre  theodoHte,  No.    10. 

Telescope  above  ground  12*19  metres.     H.  L.  Stidham,  observer. 


77  I  Skaggs 

78  Schmidt 

79  Bay  Creek 

75  I  Hays 

76  .  Smoky  Hill 


o  /  //  //  // 

o  00  00  'oo  — o  *o3  00  '03 

37  33  3253  -^o*o5  32*58 

77  09  51-64  -001  51*63 

246  00  30-71     0*00  30*71 

317  06  26*48     0*03  26-45 


-1-0 '12 

-i-o-2i 
J  o  -03 

—0*19 
-0*17 


00-15 
32*79 

51*66 

30*52 
26*28 


Probable  error  of  a  single  observation  of  a  direction  {D.  and  R.)-—  ±z  o'^*68. 
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{b)  Abstract  0/  resulting  horizontal  directions  at  each  station  from  local  and  from  Jigure 

adjustments,  1880  to  i8g^ — Continued. 

Big  Creek,  Trego  County,  Kansas.      May  24  to  June  13,  1893.     35-centimetre  theodolite,  No.  10. 
Telescope  above  ground  I4"94  metres.     F.  D.  Granger  and  H.  L.  Stidham,  observers. 


No.  of 
direc- 
tion. 

Objects  obflcrved. 

87 

Schmidt 

88 

Canyon 

89 

Indian  Creek 

85 

Trego 

86 

Skaggs 

Resulting  direc- 
tions from  station 
adjustment. 


o  /  // 

o  00  OO'OO 

^o  23  31  46 

55  44  14-38 

251  01  45-42 

309  25  42  '34 


Reduction 
to  sea 
level. 


-r0  04 
-r0  05 
-fooi 
— 001 
— 004 


Resulting   f^lTJ}^,",! 

seconds     !S^™,?S^f 
adjustment. 


// 
00  04 

3^*51 

U-39 

45  41 
42-30 


-003 

+0-54 

-0-51 

-f-o  26 

—0-26 


Probable  error  of  a  single  obser\'ation  of  a  direction  {D.  and  /^.)  =  ±0^^-65. 

Schmidt,  Ness  County,  Kansas.     June  24  to  July  9, 1893.     35-centimetre  theodolite,  No.  10. 
above  ground  16*99  metres.     F.  D.  Granger  and  H.  L.  Stidham,  observers. 

o  /  //  //  //  // 

o  00  00  -00  -j-o  '04  00  '04  -f-o  •  1 2 

31  25  29-35  -ho -04  29-39  —0-83 

72  32  40*98  —002  40-96  40-51 

236  02  58-50  -fo-oi  58-51  —0-13 

270  56  03*15  —0*05  03*10  -^007 

Probable -error  of  a  single  obser\'ation  of  a  direction  ( /).  and  A*. )  =  ib  o''*8o. 

Skaggs,  Ness  County,  Kansas.     July  14  to  July  25,  1893.     35-centimetre  theodolite.  No.  10. 

above  ground  15-18  metres.     F.  D.  Granger,  observer. 


92 

Big  Creek 

93 

Trego 

94 

Skaggs 

90 

Canyon 

91 

Indian  Creek 

Final 

seconds  in 

triangula- 

tion. 

// 

00 -oi 

32*05 
13-88 

45*67 
42  04 


Telescope 

// 

00 '16 

28-56 

41-47 
58*64 
03-17 

Telescope 


82 

Trego 

83 

Smoky  Hill 

84 

Lra  Crosse 

80 

Schmidt 

81 

Big  Creek 

0        / 

// 

ff 

// 

// 

n 

0    00 

OQ-oci 

-i-o-03 

GO  03 

f  0  -35 

00-38 

46     13 

44-62 

^003 

44-65 

-0-13 

44-52 

78    43 

01  -24 

— 001 

OI  23 

-fO*27 

01  50 

258    40 

44-46 

—0  *02 

44-44 

-039 

44-05 

3^5     33 

46*76 

-004 

46-72 

-0  *IO 

46-62 

ervation  of  a  direction  ( D. 

and  R, )  = 

^0^^-58. 

Indian    Creek,   Grove    County,    Kansas.       Septeml^r   11    to    September  30,    1891.       25-centimetre 


theodolite,  No.  74.     Telescope  above  ground 


W.  B.  Fairfield,  observer. 


95 

Big  Creek 

Bluff 

Castle  Rock 

96 

Schmidt 

97 

Canyon 

Hill 

98 

Beaver 

99 

Monument 

0 

/ 

ff 

// 

// 

// 

// 

0 

00 

00  00 

-fO-QI 

00-01 

-0*36 

00  37 

9 

59 

57  -86 

*     ■     •     • 

■     •    •    • 

. , . . 

•   •   •  • 

10 

22 

29-42 

•     •     ■     - 

•      •     •     * 

■   •   • 

*       •   • 

35 

II 

52-26 

— 004 

52-22 

+0*28 

52  *50 

89 

46 

12  -71 

—0-02 

12*69 

—0-42 

12  -27 

lOI 

31 

43  -13 

•     ■    •    ■ 

•     •     ■     • 

•   «   •   • 

.... 

162 

39 

47*57 

^0-05 

47*62 

—0  04 

47  -58 

193 

42 

19-64 

—0*01 

19-63 

-018 

19-45 

Probable  error  of  a  single  observation  of  a  direction  (/A  and  R.)  =-±l 0^^-96. 
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(b)  Abstract  of  resulting  horizontal  directions  at  each  station  from  local  and  from  figure 

adjustments,  1880  to  i8p^ — Continued. 

Canyon y  Lane  County,  Kansas.     September  i  to  October  7,  1891.    30-centimetre  theodolite,  No.  16. 

Telescope  above  ground  10*23  jnetres.     F.  W.  Perkins,  observer. 

No.  of 
direc- 
tion. 


100 

lOI 
102 


103 
104 


Objects  observed. 

Resulting  direc- 
tions from  station 
adjustment. 

Reduction 
to  sea 
level. 

Resultins: 
seconds. 

Corrections 
from  figure 
adjustment. 

Final 

seconds  in 

triangula- 

tion. 

0 
0 

/ 
00 

00 'OO 

// 
-0*03 

// 

// 
-fo*33 

// 

Beaver 

59*97 

00*30 

Hill 

5 

14 

49*52 

•    ■    •    • 

•    •   •    • 

■    «    •   ■ 

•    •    ■    • 

Monument 

23 

22 

39 '07 

— o*o6 

39 -oi 

—0  -16 

3885 

Indian  Creek 

70 

29 

29*00 

—0  '02 

28  98 

-^0*36 

29  34 

Bluff 

121 

03 

02-33 

•    •    •    • 

•   •   •   • 

•    •   ■   « 

V       •       •       ■ 

Castle  Rock 

-       125 

04 

35  64 

•    •    •    • 

■   •  •   ■ 

»    •    *    • 

■     »     •     ■ 

Big  Creek 

135 

22 

38*46 

+005 

38-51 

-f-o*o8 

38-59 

Sclimidt 

161 

02 

07  '66 

+0-0I 

07*67 

-0  •61 

07-06 

Probable  error  of  a  single  observation  of  a  direction  (D.  and  ^. )  =  zt  i^''*r5. 


Beaver,  Logan  County,  Kansas.     July  28  to  October  25,   1891.     30-centimetre  theodolite.  No.   16. 

Telescope  above  ground  ....     F.  W.  Perkins,  observer. 


// 


// 


// 


// 


// 


105 

Sheridan 

106 

Gopher 

107 

Monument 

108 

Indian  Creek 

Hill 

109 

Canyon 

0 

00 

00*00 

— 004 

59  96 

-4-0*64 

00*60 

29 

42 

10  03 

0  07 

09*96 

—0*17 

09*79 

64 

52 

35-91 

-0  "OI 

35  90 

-j-o*oi 

35 '9^ 

134 

55 

06-89 

—0  '04 

06  93 

—0*05 

06*88 

170 

44 

55-64 

•       ■       K       * 

.... 

•   •   •   • 

•  •  «  • 

171 

32 

05*10 

-     0*02 

05*08 

-0-42 

04-66 

ervai 

Lion 

of  a  direction  {D. 

and  iV. )  = 

-^-  0^^*92. 

Monument,  Logan  County,  Kansas.     August  10  to  September  4,  1891.     25 -centimetre  theodolite,  No. 

74.     Telescope  above  ground  ....     W.  B.  Fairfield,  observer. 


no 

Indian  Creek 

III 

Canyon 

Hill 

112 

Beaver 

"3 

Sheridan 

114 

Gopher 

0 

/ 

// 

// 

// 

// 

// 

0 

00 

00  00 

— o*oi 

59^99 

-  -0  *4i 

00*40 

28 

57 

04  79 

005 

04  74 

-ro*o6 

04*80 

31 

00 

53-30 

•  •  •  • 

•    •   •   • 

•   •  •   • 

•   ■   • 

78 

54 

59*15 

—0*01 

59  "14 

-0*15 

59  29 

168 

26 

02  *i8 

-0  01 

02  "19 

-064 

01  -55 

197 

50 

13-40 

—0*05 

13  -35 

4-0 'OI 

13-36 

Probable  error  of  a  single  observation  of  a  direction  {D.  and  R.)  =  ±i  o'"*90. 

Gopher,   Logan   County,   Kansas.     July   31    to   August   8,    1891.     25-centimetre   theodolite.   No.   74. 

Telescope  above  ground  ....     W.  B.  Fairfield,  observer. 


115 

Monument 

116 

Beaver 

117 

Sheridan 

118 

Wallace  Bluffs 

119 

Teeters  Hill 

0       / 

// 

// 

// 

// 

// 

0    00 

00 'OO 

— 005 

59*95 

—0  42 

00  37 

25    54 

21  62 

—0*06 

21*56 

—0*26 

21  30 

116     13 

09  27 

-foo7 

09*34 

-fo*o8 

09  42 

133    44 

23-23 

-fo*05 

23*28 

0-53 

22*75 

175     II 

54-36 

—0*04 

54  32 

-^  0*28 

54  60 

^rvation  of  a  direction  ( /A 

and  R. )  = 

^  0^^*76. 
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(d)  Abstract  of  resulting  horizontal  directions  at  each  station  from  local  and  from  figure 

adjustments,  1880  to  iSg^ — Continued. 

Sheridan,  Logan  County,  Kansas.    July  8  to  N'ovember  17,  1891.     30-centimetre  theodolite,  No.  16. 

Telescope  above  ground  ....     F.  W.  Perkins,  observer. 

Resulting  direc-      Reduction     u.„,.u:„„    Corrections    „™l?^i  {„ 
rd.  tions  from  station        to  sea         ^t^^L^n/    from  figure    ?S^"^,f,i" 

adjustment.  le^'el.  seconds,     adjustment.  ^"^]J,n 


No.  of 
direc- 
tion. 

Objects  obse 

120 

Wallace  Bluffs 

Pond 

121 

Turtle 

122 

Teeters  Hill 

123 

Gopher 

124 

Monument 

125 

Beaver 

0 

/ 

// 

// 

// 

// 

// 

0 

00 

00 'OO 

:t-o  'oi 

00 'OI 

— 005 

59-96 

26 

05 

18-55 

■    «    «   • 

•     •     •     • 

•   •  •  « 

*   •  •   • 

30 

40 

59  77 

— 0*06 

59*71 

-fo-45 

60-16 

69 

16 

58-38 

-005 

58-33 

035 

57*98 

142 

33 

02 -68 

-ho -07 

0275 

-fo-29 

03  04 

176 

55 

43*26 

-^O'OI 

43-27 

-10-23 

43-50 

202 

32 

08  56 

—0*04 

08-52 

—0-56 

07-96 

Probable  error  of  a  single  observation  of  a  direction  (D.  and  R.)  =^  ±i  ©'''•90. 

Teeters  Hill,  Logan  County,  Kansas.     July  20  to  July  27,  189 1.     25-centimetre  theodolite,  No.  74. 

Telescope  above  ground  ....     W.  B.  Fairfield,  observer. 

o  /  //  //  //  //  // 


126 

Gopher 

127 

Sheridan 

128 

Wallace  Bluffs 

129 

Curlew 

Pond 

• 

Turtle 

0 

00 

00 -OO 

004 

59  96 

-ho-oi 

59-97 

47 

45 

II  '46 

— 005 

II  -41 

—0-26 

II  -15 

92 

05 

47  95 

1  0  05 

48-00 

+0-43 

48-43 

117 

38 

56-61 

-fo-o8 

56-69 

-fo-44 

57*13 

136 

39 

08 -So 

•   ■   •   » 

«   ■  •  • 

«   •  •  • 

«   •  •  • 

148 

38 

40*76 

-rO-03 

40-79 

—0  -62 

40-17 

Probable  error  of  a  single  observation  of  a  direction  {D.  and  A*.  )  =  ±0^^-51. 

Wallace  Bluffs,  Wallace  County,  Kansas.     June  15  to  November  26,  1891.     30-centinietre  theodolite, 
No.  16.     Telescope  above  ground  ....     F.  W.  Perkins  and  W.  B.  Fairfield,  observers. 

o  /  //  //  //  //  // 


131 

Curlew 

132 

McLane 

Pond 

133 

Turtle 

134 

Teeters  Hill 

135 

Gopher 

U6 

Sheridan 

o    00    oo'oo         4-0 -OI          00 -oi         --o"o6  59 '95 

34    41     37*92         -007          3785          -0-I4  37-71 

5"     io       9     3              ....               ....               ....  .... 

54     46     4696          -007            4689          -0-33  47-22 

113     15      2789          -rO-04            2793          -4-006  2799 

159    42    09  -64        -ro  05          09  -69        -  o  06  09  63 

179    37    54-03        +0-0I          54-04        --0-I4  53-90 
Probable  error  of  a  single  observation  of  a  direction  ( D.  and  ^. )  =  rb  i^'''05. 

Turtle,  Wallace  County,  Kansas.     October  10  to  November  7,  1891.     25-centimetre  theodolite.  No.  74. 

Telescope  above  ground  ....     W.  B.  Fairfield,  observer. 

o        /          //                   //                 //                   /f  n 

o    00    00  -oo         -f  o  -03           00  '03         40  -37  00  -40 

40    30    34-65         -006          3459         -^0-58  35  17 

64     58     29  68         —007           29 '61         —0-32  29  29 

73    07     17  -76            ....             ....             ....  .... 

109    33    02-74         1 0-02          02-76        —0-18  02-58 

149    31     17  15         1 008          17-23            042  16-81 

196    59     12-51        —001           12-50        —003  12-47 
Probable  error  of  a  single  observation  of  a  direction  { D.  and  A*.  )  =  nr  1^^-12. 


137 

Teeters  Hill 

138 

Sheridan 

'39 

W- allace  Bluffs 

Pond 

140 

Curlew 

141 

Arapahoe 

142 

McLane 

522 
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(d)  AbsircLci  of  resulting  horizontal  directions  at  each  station  front  local  and  from  figure 

adjustments,  1880  to  i8gs — Continued. 

Curlew^  Wallace  County,  Kansas.     November  28  to  December  12,  1891,  and  July  23  to  July  28,  1892. 
30-centimetre  theodolite,  No.  16.     Telescope  above  ground  6*57  metres.     F.  W.  Perkins,  observer. 

Final 
conds 
iangii 

tion. 


No.  of 
direc- 
tion. 

Objects  obser 

143 

Arapahoe 

144 

Monotony 

145 

McLane 

146 

Turtle 

Pond 

147 

Teeters  Hill 

148 

Wallace  Bluffs 

Resulting  direc-       Reduction     p^c,,u:„„    Corrections   ^^^„ j„  • 

tions  from  station  to  sea         ^!^!Jj,°»    from  figure   !Sa"^.V" 

adjustment.  level.  seconds.     adjustnTent.   ^"f:"?"^**- 


// 


// 


// 


// 


ff 


0 

00 

00 'OO 

4-0*04 

00*04 

-0*40 

59-64 

44 

03 

57-56 

—0*07 

57  49 

-039 

57-88 

70 

07 

54-29 

—0*07 

54-22 

4  014 

54  36 

112 

48 

34-08 

-  0'02 

34-10 

4-0-05 

34-15 

123 

43 

00  25 

•     •     »     ■ 

•    •   •   • 

• . «   p   « 

•    •   •  • 

152 

15 

50-34 

-TO -07 

50-41 

—0  -27 

50-14 

193 

27 

14  -38 

-^O'OI 

14-39 

-4-0-09 

14-48 

Probable  error  of  a  single  observation  of  a  direction  ( D.  and  A*. )  =  rr  i''''*i5- 

McLane,  Wallace  County,  Kansas.     July  30  to  August  12,  1892.     30-centimetre  theodolite,  No.  16. 

Telescope  above  ground  ....     F.  W.  Perkins,  observ^er. 


149 

150 

151 
152 

153 


Turtle 

Pond 

Wallace  Bluffs 

Curlew 

Arapahoe 

Monotony 


o  /                 //  // 

o  00  00  "OO  — O  'OI 

II  43  20  96  

27  54  09-33  —006 

49  53  1 1  -69  -o  07 

107  46  24  -92  —  o  -05 

175  52  09  -06  o  '00 


// 


// 


// 


59-99 

■     «     •     • 

09  -27 
II  '62 

24-97 

09  "06 


•  0-42 

—0*72 
-  o  -03 

—0-13 

-o  -40 


00  -41 

08-55 

II  -65 
24-84 
09-46 


Probable  error  of  a  single  observation  of  a  direction  (  D.  and  A*. )  =  ±  o'"'62. 

Arapahoe,  Cheyenne  County,  Colorado.  November  24  to  November  26,  1S91.  25-centimetre  theod- 
olite, No.  74.  Telescope  above  ground  12-68  metres.  R.  E.  Duvall,  observer.  August  13  to 
September  i,  1892.  30-centimetre  theodolite,  No.  16.  Telescope  above  ground  12-68  metres. 
F.  W.  Perkins  and  W.  B.  Fairfield,  observers. 


// 


154 
155 
156 

157 
158 


First  View 
Cheyenne  W^ells 
Monotony 
Mcl/ane 
Turtle 

Curlew 

Probable  error  of 


o  00  00  -Qo 

33  03  37  -92 

60  41  1493 

106  32  45  "97 


// 

O  "02 

o  -09 

006 
0-05 


// 


59  -9« 
37  -83 
14  -87 
46  -02 


// 


o  -2: 


Monotony,  Cheyenne  County 
25-centimetre  theodolite, 
in  1891;  W.  B.  Fairfield, 


158    31     3970  ■0-04  39-74 

a  single  observation  of  a  direction  (  P.  and  A*. )  = 

,  Colorado.     December  i,  1891,  and  August  22  to 
No.  74.     Telescope  above  ground  12-68  metres,     R. 
observer  in  1892. 


-o  -34 
-0-17 

-f  0-31 
-  o  -47 

:::0"74. 


5971 

37  -49 
14-70 

46-33 
40*21 


September  20,  1892. 
E.  Duvall,  observer 


159 

McLane 

160 

Curlew 

161 

Arapahoe 

162 

First  View 

163 

Cheyenne  Wells 

164 

;  Landsman 

Probable  error  of 

o  00  00*00 

27  57  07-31 

66  02  45*30 

135  50  58  01 


147     15 
163     46 


48-57 
19-18 


// 

O  'OO 

— o*o6 
-o*o6 
— o  '09 
--0*08 
-^0*05 


// 

00  *oo 

07*25 

45-24 
58-10 

48-65 

19*23 


// 


// 


-  o  '29 

-0*49 
-0*05 

--  o  *84 
—0-42 
-0-31 


59  7- 
06*76 

45-29 
58-94 
48-23 

19*54 


a  single  observation  of  a  direction  {D.  and  /?. )  =  z!=  o^^"j(i. 
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(i)  Abstract  of  resulting  horizontal  directions  at  each  station  from  local  and  from  figure 

adjustments,  1880  to  i8gs — Continued. 

Cheyenne  Wells,  Cheyenne  County,  Colorado.     October  19  to  October  31,  1892.     25-centimetre  theod- 
olite, No.  74.     Telescope  above  ground  ....     W.  B.  Fairfield,  observer. 


No.  of 
direc- 
tion. 


165 
166 
167 
168 


Final 


Objects  observed. 


Resulting  direc-       Reduction     o^„i4i-,„    Corrections   „,..,^„  j.  •« 
tions  from  station  to  sea        ^1,^^°/    from  figure   ?!^"^*,l 

«H;«crnt.«t  level.  seconds,     adjustment.  ^^''^^^'^' 


adjustment. 


// 


// 


// 


// 
-foi3 

-fo-63 

-l-O'IO 

-0  -85 

Probable  error  of  a  single  observation  of  a  direction  {D.  and  R.  \  =  ±:0^'"j'j. 


Monotony 
Arapahoe 
First  View 
Landsman 


o  00  00  'oo 

71  09  2077 

160  18  22  -28 

212  27  2972 


-o-o8 

--o*o8 

-r  o  -09 

000 


00 'oS 
20*69 
22-37 
2972 


// 

00 '21 
21  '32 

22-47 

28-87 


First  VieiVy  Cheyenne  County,  Colorado.     October  18  to  November  20,  1892.     30-centimetre  theod- 
olite. No.  16.     Telescope  above  ground  9*62  metres.     F.  \V.  Perkins,  observer. 


// 


// 


// 


// 


// 


169 

Kit  Carson 

170 

Eureka 

171 

Landsman 

172 

Cheyenne  Wells 

173 

Monotony 

174 

Arapahoe 

0 

00 

00  00 

— o-o6 

00  06 

—0-09 

59*97 

57 

33 

37-48 

—0*09 

37*39 

-fo-08 

37*47 

99 

35 

36-24 

— 0-04 

36  20 

-fo-67 

3687 

147 

25 

30-37 

jo  09 

30-46 

—0-51 

29*95 

155 

42 

18-71 

+0-08 

18-79 

— O'll 

18-68 

205 

12 

52  90 

— o-oi 

52-89 

—0-04 

52-85 

erval 

tion 

of  a  direction  {D.  and  R.)  — 

±:  0^^-49. 

Landsman^  Cheyenne  County,  Colorado.     October  6  to  October  15,  1892.     25-centimetre  theodolite, 

No.  74.     Telescope  above  ground  ....     W.  B.  Fairfield,  observer. 


175 

Monotony 

176 

Cheyenne  Wells 

177 

First  View 

178 

i  Kit  Carson 

179 

Eureka 

o  /  //  // 

o  00  00  -oo  to  -05 

15  56  5661  0-00 

95  57  59*28  -0-04 

148  12  39-90  -{-o'09 

205  13  38-89  —0-03 


// 


// 


// 


00-05 
56-61 

59*24 

39*99 

38-86 


Probable  error  of  a  single  observation  of  a  direction  ( D.  and  R. )  ^= 


-o'24 
-J  0-90 
-o  50 
—0-25 
-+-0*09 
o'^7i. 


59*81 
57*51 
5874 
39*74 
38-95 


Kit  Carson,  Cheyenne  County,  Colorado.     October  24  to  Octol)er  30,  1881.     30-centimetre  theodolite, 
No.  108.     Telescope  above  ground  2*11  metres.     O.  H.  Tittmann,  observer. 


180  Aroya 

181  Overland 

182  Eureka 

183  Landsman 

184  First  View 


// 


// 


// 


// 


// 


0 

00 

00*00 

— 007 

59  '93 

— 060 

59*33 

32 

24 

48-58 

— o-io 

48-48 

-  060 

49*08 

67 

39 

53*21 

000 

53-21 

— O'lO 

53*" 

108 

58 

51*03 

-i-o-09 

51*12 

-0  08 

51*04 

137 

08 

34-15 

-  006 

34-21 

•0-18 

34*39 

jrvat 

;ion 

of  a  direction  {/). 

and  R, )  = 

db  0^^-90. 
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{d)  Abstract  of  resulting  horizontal  directions  at  each  station  from  local  and  from  figure 

adjustments,  1880  to  1895 — Continued. 

Eureka,  Elbert  County,  Colorado.     October  8  to  October  17,  i88r.     30-centimetre  theodolite,  No.  108. 

Telescope  above  ground  rgo  metres.     O.  H.  Tittmann,  observer. 


No.  of 
direc- 
tion. 

Objects  observed. 

185 

Landsman 

186 

First  View 

187 

Kit  Carson 

188 

Aroya 

189 

Overland 

Rcstiltinf?  direc- 

ns  from  statf 

adjustment. 


Final 


tions  from  station        to  sea         ^^"^J^^    from  figure  ^tS?"^,^!" 


Reduction 

level.  seconds:    ad^llitm^?.  ^"^?8."*^- 


o  /            //  // 

O  GO  00  'OO  -  O  '03 

28  42  22  •21  — O  "09 

81  40  0471  000 

137  13  18-43  —0-09 

186  32  02  '22  --0  -05 


// 


59*97 

22  '12 
0471 
18  -52 

02  '17 


Probable  error  of  a  single  observation  of  a  direction  ( /).  and  A*. )  = 


// 
4-0*24 
—0-52 
-rO*22 
-fo-24 
—0-17 


i''-i3. 


tion. 
// 
00 '21 
21  '60 

04  93 
1876 

02  'OO 


Aroya,  Elbert  County,  Colorado.     August  29  to  September  3,  1881.     30-centimetre  theodolite-  No. 

108.     Telescope  above  ground  I'go  metres.     ().  H.  Tittmann,  observer. 


190 

Adobe 

191 

Hugo 

192 

Overland 

193 

Eureka 

194 

Kit  Carson 

0       / 

// 

// 

// 

// 

// 

0    00 

00 'CO 

--  0  08 

00  -oS 

-  0*40 

00*48 

69    40 

20  01 

—0  -11 

19*90 

—0*82 

19*08 

115    08 

24*65 

-i-o"oi 

24*66 

-foi4 

24*80 

167    53 

52  09 

-fo'09 

52-18 

— 0*I2 

52   06 

224    40 

46  29 

—0  -06 

46  23 

-'  0*40 

46*63 

ervation  of  a  direction  ( D. 

and  R. )  — 

=^1''-2I. 

Overland,  I^incoln  County,  Colorado.     September  12  to  September  21,  18S1.     30-centimetre  theo<l- 
olite,  No.  108.     Telescope  above  ground  i'75  metres.     O.  H.  Tittmann  and  G.  F.  Bird,  obser\-ers. 


// 


Azimuth  Mark 

195 

Eureka 

196 

Kit  Carson 

»97 

Aroya 

198 

Adol>e 

199 

Hugo 

f/ 


// 


'/ 


// 


0    00 

00 'OO 

•   •   •   > 

.... 

•    •   •   • 

00-00 

104    10 

37*52 

—0  05 

37  '47 

-•-()*I7 

37  64 

144   03 

39  02 

c)-oS 

38  -94 

-0  '34 

38-60 

182   06 

29*08 

—0  'OI 

29  09 

—  0-17 

28  -92 

219   50 

30*14 

<  0  "lO 

30  24 

-  0  -02 

30  26 

277  58 

13  -89 

0-03 

13-86 

-0  32 

14*18 

.Tvation  of  a  direction  (I). 

and  A*. )  — 

^  I ''-20. 

Hugo,  Lincoln  County,  Colorado.     October  29  to  November  8,  1880,     30-centimetre  theodolite.  No. 

108.     Telescope  above  ground  1-91  metres.     O.  H.  Tittmann,  observer. 


200 

Overland 

201 

Aroya 

202 

Adobe 

203 

Square  Bluffs 

204 

Holt 

0 

/ 

// 

// 

ff 

// 

'/ 

0 

00 

00  'OO 

-0-03 

59 '97 

-0-15 

59  *82 

38 

40 

10-31 

— o-io 

10 -21 

ro'62 

10  83 

86 

51 

30-27 

-f0*02 

3Q  29 

-0-25 

30  -04 

130 

05 

35  26 

f  o-ii 

35*37 

-0  -39 

34  98 

166 

31 

20-53 

-i-O-02 

20-55 

-0-I7 

20-72 

Probable  error  of  a  single  observation  of  a  direction  {D.  and  A*. )  =  zb  i^''*io. 
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(d)  Abstract  of  resulting  horizontal  directions  at  each  station  front  local  and  from  figure 

adjustments,  1880  to  189^ — Continued. 

Adobe,  Lincoln  County,  Colorado.     July  23  to  August  10,  1881.     30-centunetre  theodolite,  No.  108. 

Telescope  above  ground  5 '61  metres.     O.  H.  Tittmann,  observer. 


No.  of 
direc- 
tion. 

Objects  observed. 

Mark 

207 

Hugo 

208 

Overland 

209 

Arova 

205 

Cramers  Gulch 

206 

Square  Bluffs 

Resulting  direc- 
tions from  station 
adjustment. 


o  /  // 

o  00  00 'oo 

4  35  07-28 

39  35  5641 

66  43  33*12 

254  09  13  00 

309  09  14  70 


Reduction 
to  sea 
level. 


•    •    *    • 

-f0  02 
-fO'II 
+  007 

-|-o'o6 

— 0"II 


Corrections 


Final 


Resulting    Jl^'r^""";  seconds  in 
«-~°ds^    Idj-t'Sent.   '^'^^^- 


•  •  •  « 

07*30 

56  52 

33  19 
13  06 

14*59 


Probable  error  of  a  single  observation  of  a  direction  ( D.  and  R. )  = 


•   •   •   • 

— 0*20 

-0*19 

-0*40 

-064 

4-1-43 

z  I''  28. 


// 
00 'OO 

07*10 

56  33 

3279 
12*42 

16 '02 


Square  Bluffs,  Lincoln  County,   Colorado.     September  20  to  September  27,  1880.     30-centimetre, 
theodoltite  No.  108.     Telescope  above  ground  i*88  metres.     O.  H.  Tittmann,  observer. 


// 


210 

Holt 

211 

Hugo 

212 

Adobe 

213 

Cramers  Gulch 

214 

Big  Springs 

215 

Holcolm  Hills 

o  00  OO'OO 

78  24  58*51 

159  45  07*69 

228  06  18*38 

284  02  36  -25 

322  24  10  '13 


—O'll 

-|-o*ii 

— O'lO 

-f  o*o6 
+0*07 

— O'lO 


// 


59  89 
5862 

07*59 
18 '44 

36-32 
TO  03 


Probable  error  of  a  single  observation  of  a  direction  {D.  and  ^. )  =  db  1^^*22. 


// 
—0*23 

^-I*I6 

—  I  *oo 

-f-o-15 

—0*08 

0*00 


// 


59*66 
59*78 
06*59 
18-59 
36-24 
10*03 


Hoit,  Elbert  County,  Colorado.     October  i  to  October  17,  1880.     30-centimetre  theodolite,  No.  108. 

Telescope  above  ground  1*83  metres.     O.  H.  Tittmann,  obser\'er. 


// 


// 


// 


// 


// 


216 

217 
218 


Hugo 

Square  Bluffs 
Holcolm  Hills 


o    00    00  *oo         -|-o  '02  00  '02 

65    09    15*58        -o-io  15-48 

178     19     13-43        -0*04  13-47 

Probable  error  of  a  single  observation  of  a  direction  ( D.  and  R. )  = 


—0*67 

59*35 

-{-0*24 

15*72 

-fo-43 

13*90 

0^^*96. 

Cramers  Gulch,  Lincoln,  County,  Colorado.  September  8  to  September  14,  1880.  30-ceniimetre 
theodolite.  No.  108.  Telescope  above  ground  1-86  metres.  O.  H.  Tittmann,  observer.  Sep- 
tember 7  to  September  14,  1895.  30-centimetre  theodolite  No.  118.  Telescope  above  ground  6*22 
metres.     F.  D.  Granger,  observer. 


// 


// 


// 


// 


// 


219 

Big  springs 

220 

Square  Bluffs 

221 

Adobe 

Dry  Camp 

0 

00 

00 -oo 

-0*11 

59  89 

-0*33 

59  56 

74 

58 

25  87 

4-0*06 

25*93 

-hO*i9 

26-12 

131 

37 

12*50 

-fo*o6 

12*56 

-4-0*14 

12  *70 

319 

47 

03*93 

4-0*03 

03*96 

•  •  •  • 

«    ■   ■   • 

Probable  error  of  a  single  observation  of  a  direction  ( D.  and  ^. )  =  di  i  '^-06  in  rS8o  and  i  0^^*47  in  1895. 
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(d)  Abstract  of  resulting  horizontal  directions  at  ea^h  station  from  local  and  from  figure 

adjustments,  1880  to  18'ps — Completed. 

Holcolm  Hills,  El  Paso  County,  Colorado.    July  20  to  August  16, 1880.    30-centimetre  theodolite,  No 

108.     O.  H.  Tittmann,  observer. 

Final  sec- 
onds in 
triangula- 
tion. 

// 


No.  of 
direc- 
tion. 

Objects  observed. 

Resulting  directions 
from  station 
adjustment. 

Reduction 
to  sea 
level. 

Resulting 
seconds. 

Corrections 
from  base- 
net  ad- 
justment. 

Corrections 
from  base- 
net  and 
figure  ad- 
justment. 

0 

/ 

// 

ff 

// 

// 

ff 

222 

Holt 

0 

00 

00 'OO 

+003 

00  03 

•    •   •    • 

— o-8o 

223 

Square  Bluffs 

29 

14 

12-37 

— o-o8 

12  *29 

•    •   •    • 

-ho -83 

Big  Springs 

86 

36 

27-88 

— 005 

27-83 

—0  -370 

Corral  Bluffs 

156 

28 

0474 

4  0*I2 

04 -86 

+0  -457 

El  Paso  East  Base 

165 

48 

35-85 

-1-0-09 

35-94 

—0*190 

El  Paso  West  Base 

181 

38 

58-15 

4-0-03 

58-18 

+0  -265 

Divide 

212 

10 

36-84 

— O'll 

36-73 

—0  "162 

Probable  error  of  a  single  observation  of  a  direction  (3  D,  and  3  ^. )  =  rfc  o^' 


59  23 

13-12 
27-460 

05  -317 

35  -730 
58-445 

36  -568 


8r. 


Big  Springs,  El  Paso  County,  Colorado.  August  21  to  September  3,  1880.  30-centimetre  theodolite. 
No.  108.  O.  H.  Tittmann  and  G.  F.  Bird,  observers.  June  23  to  July  6,  1895.  30-centimetre 
theodolite,  No.  1 18.     F.  D.  Granger  and  J.  B.  Boutelle,  observers. 


Corral  Bluffs 

0 
0 

00 

// 
00  000 

// 

"O-IO 

ff 

-[-0-002 

«     •     «     ■ 

/f 

59-90 

59-902 

El  Paso  East  Base 

27 

23 

27-51 

-  0-13 

27-38 

0-268 

•     •     •     • 

27  -112 

Divide 

33 

35 

42  -180 

0-137 

42  -043 

-0  -370 

•     •     •     • 

41  -673 

Holcolm  Hills 

54 

42 

04  99 

—0-05 

04-94 

+0  -636 

•     •     •     • 

05  -576 

224 

Square  Bluffs 

138 

58 

1983 

fo*o6 

19-89 

•     ■     •     • 

4-0-31 

20-20 

225 

Cramers  Gulch 

188 

03 

38-61 

— O'lO 

38-51 

•     •    •     ■ 

—008 

38-43 

Dry  Camp 

235 

37 

57-12 

— 004 

57-08 

•    •    •    • 

•      ■      a      ■ 

•     •     •     • 

Plateau 

279 

28 

24  329 

-^Q-IOI 

24  -430 

•     •     •     • 

•    •    •    • 

•     •     •     • 

Pikes  Peak 

344 

22 

41  -563 

0083 

41  -480 

•     •     ■     » 

■     •     •     • 

•     •     •     • 

Probable  error  of  a  single  observation  of  a  direction  ( D.  and  R,)  =  ±:  i^''^2  in  1880  and  dr  ©'''•77  in  1895. 

(r)  Figure  adjustment. 
Observation  equations. 


No. 

• 

I 

0  =  —  0-98  4- 

(2)- 

(6)- 

(7)  + 

(8) 

2 

0  =  —  094  -f 

(0- 

(4)- 

(13)  + 

(14) 

3 

o=-o-86- 

(0  + 

(»)- 

(7)r 

(10)- 

(12)  + 

(13) 

4 

0=      1-73 

(3)  + 

(6)- 

(8)  + 

(9)- 

(21) -r 

(22) 

5 

0  =  —  0-52  — 

(3)  + 

(4)- 

(14)  + 

(>5) 

(20)  + 

(22) 

6 

0  =  4-  0-44  - 

(9)  + 

(II)- 

{19)  i 

(21)  - 

(23)  -v 

(26) 

7 

0  =  —  088  — 

(5)  1- 

(6)    - 

(8)  + 

(II)- 

(23)  + 

(24) 

8 

0 = + 056 — 

(10)  \ 

(II)  ■ 

(")- 

(16)   - 

(23)  + 

(25) 

9 

0  =  -i-o-gi  — 

(17)  f 

(19)- 

(26)  T 

(»7)- 

(34)4 

(35) 

10 

0=  —  o•Io  — 

(27)  + 

(29)- 

(33)  + 

(34)- 

(36)  + 

(38) 

II 

o  —  +  I  -40  — 

(17)  + 

(18)- 

(33)  + 

(35)- 

(37)  + 

(38) 

12 

0 — f-o'i?  — 

(32)  + 

(33)- 

(38)  + 

(40)- 

(46)  + 

(48) 
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No. 

13 

0  =  -r  005 

14 

0  =    -  I  '62 

15 

0=    }  0*I2 

16 

0—  -  1*27 

17 

0=  r  172 

18 

0=       1*35 

19 

0—  \  222 

20 

0  =  -|-  o'o6 

21 

0=   '0-25 

22 

o_  ^   1-30 

23 

0          067 

24 

0          0*26 

25 

0—  '  003 

26 

o—  -  025 

27 

0—  -  014 

28 

0--   091 

29 

0  —  -*-  1*41 

30 

0=  '-o'5o 

31 

o_  T-0-I3 

32 

0--174 

33 

0      -  0*04 

34 

0  —      0-41 

35 

0  =  —  045 

36 

0  —  4-  0*64 

37 

0-  -^  1-31 

38 

0  —  -    025 

39 

0  -      057 

40 

0=  ^034 

41 

0—    -0"20 

42 

0 095 

43 

0-    i    086 

44 

0=         055 

45 

0  —  —  048 

46 

0=    ^033 

47 

0  -  ^  0-38 

48 

0  =      -  054 

49 

o  =  -    136 

50 

o  =  — 198 

51 

0  =  -      0'20 

52 

0-         095 

53 

o=-^o•I3 

54 

0=  +  1*57 

55 

0  =  -  2-85 

(c)  Figure  adjustment — Continued. 
Observation  ^^fia/rb/u— Continued. 


(28 

)-f- 

(29)- 

•    (36' 

)4- 

(40)- 

•    (46)-!- 

(47) 

(39' 

)4- 

(40)  - 

(43; 

l-f 

(44)- 

(46)  + 

(49) 

(30 

k      1 

(32)- 

(48 

V       1 

►  -r 

(50)- 

(56)  + 

(58) 

(41; 

,      t 

(43)- 

(49) 

1  — 

(50)- 

(56)-|- 

(57) 

(30; 

)  -f 

(31)4- 

(41. 

(45)- 

(57)  + 

(58) 

(41) 

1 
♦- 

(42)- 

(55) 

1  + 

(57)- 

(60)4 

(61) 

(53; 

\  1 

'  t 

(55)- 

(61; 

1  + 

(62)  - 

(67)  + 

(69) 

(50^ 

)- 

(50- 

(53: 

1  -i 

(56)- 

(68)-, 

(69) 

(51; 

1  — 

(52)- 

(59' 

1    ~* 

(62) 

(67)  f 

(68) 

(54. 

>  + 

(55) 

(61) 

1 

(63) 

(72)  + 

(73) 

(53' 

)-h 

(54)  - 

(66; 

1  4 

(69)- 

(73)  + 

(74) 

(63; 

I  *- 

(64)- 

(71) 

l-f 

(72)- 

(75)  -*■ 

(76) 

(70^ 

[ 

(71) 

(76) 

1 

T 

(77)-- 

(82)- 

(83) 

(65^ 

-■ 

(66)  -f- 

(70) 

\  -  - 

(74)- 

(83)  1 

(84) 

(77; 

'    T 

(79) 

(81; 

l-l 

(82)- 

(85)  ( 

(86) 

(80; 

1      "* 

(81)-- 

(86] 

>-f 

(87) 

(92)  + 

(94) 

(78] 

1    ■- 

(79)- 

(85] 

» 

(87)    - 

(92)  + 

(93) 

(87) 

1  -r- 

(89) 

(91] 

1 

(92)- 

(95)  +- 

(96) 

(87] 

>4- 

(88)--- 

(90I 

-r 

(92)  - 

(>03)4-( 

104) 

(90; 

1 

(91)-- 

(96 

1  -♦— 

(97)  - 

(102)  ^( 

104) 

(97] 

-^ 

(98)- 

(100] 

1     /■ 

102)  — 

(108)4  ( 

109) 

(97) 

■4- 

(99) 

(lOI  ] 

-*■    1 

102)  — 

(iio)f( 

III) 

(98^ 

)      -  ♦  - 

(99) 

(107I 

+  ( 

io3)-- 

(iio)-i-( 

112) 

106] 

•     t-  ( 

107)  -  - 

(112) 

*    1 

114) 

("5)4   ( 

116) 

105^ 

I   —   ( 

106)  -  - 

(116] 

♦    1 

117)- 

(123)  -f  ( 

125) 

113) 

I  -r  ( 

114) 

(115) 

:     -  ♦  -     I 
1          \ 

117)-- 

(•23) +( 

124) 

117^ 

119)- 

(122' 

t          / 

123)  ■ 

(126)  f  ( 

127) 

117^ 

)  +  ( 

118) 

(120] 

123)   - 

(«35)-]-( 

136) 

120J 

'    1    \ 

122)  — 

(127) 

1          \ 

128)  -- 

(t34)  +  ( 

136) 

121 

1  -■  ( 

122)  - 

(127] 

1  -*-  ( 

130) 

(137) +  ( 

'38) 

120 

)-f( 

121)  — 

(133) 

1  -.--  1 

136) 

(138) -|-( 

'39) 

131; 

1  -^  { 

133) 

(139) 

-     ( 

140)  - 

(146) +  ( 

»48) 

128; 

)-^  ( 

129) 

(13O 

*         1 

'34)- 

(>47)  +  ( 

148) 

140 

1*1 

142)    - 

(145I 

1  -^  ( 

146)  -  - 

(J49)r( 

151) 

132^ 

1  -^  ( 

133) 

(139: 

1  4-   ( 

142) 

(«49)  +  ( 

'50) 

143' 

1  —  ( 

M5) 

(151' 

1 "  \ 

«52)    - 

(157) +  ( 

'58) 

152I 

1    "**'    1 

153) 

(156; 

(  -t-  ( 

«57) 

(159)  4  ( 

161) 

143: 

\  -t  ( 

144) 

(156; 

1        *■        1 

'58)- 

(160)  f( 

16O 

155; 

1  -f  ( 

156)  - 

(161] 

*""     ( 

163)  -  - 

(165)  i  ( 

166) 

154; 

1  -h  ( 

156)- 

(161I 

•  -     1 

162)   - 

(173) +  ( 

174) 

154) 

■*      I 

155) 

(166] 

-^  ( 

167)- 

(172)  4- ( 

174) 

162; 

1  4-  ( 

164)- 

(171I 

1  -U  ( 

173)  - 

(175) -f( 

177) 

163) 

1  -^  ( 

164)  + 

(165I 

—  ( 

16S)  - 

(175) +  ( 

'76) 

S28 
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82 

83 
84 


(r)  Figure  adjustment — Continued. 
Observation  equations — Con  tinued . 


No. 

56 

0 

57 

0 

58 

0 

59 

0 

60 

0 

61 

0 

62 

0 

63 

0 

64 

0 

65 

0 

66 

0 

67 

0 

68 

0 

69 

0 

70 

0 

71 

0 

72 

0 

73 

0 

74 

0 

75 

0 

76 

0 

77 

0 

78 

0 

79 

0 

80 

0 

-0-42-  (170)  +  (171)  -  (177 

-o-33-(i78)4-(i79)-(i82 

-  ri9  -  (169)  -f  (170)  -  {182 
-1-03- (180)-}- (182) -(187 
+  1-59 -(181) +  (182) -(187 
-f  roo-  (188)  +  (189)  — (192 

—  2*21  —  (191)  -1-    (192)    --(197 

-t-o-28-  (190)  4-  (192)  -  (197 

—  0'20—  (198)4    (199)  —  (200 

-^  3-92  —  (202)  -r  (203)  —  (206 
-2-85- (203)  4- (204)  -  (210 
-1-594-  (210)  -(215) -(217 

-  3-17-  (205)  ^  (206)  —  (212 
4-o-io-(2i3)  i- (214)  — (219 
4-  0-43  -  (214)  4-  (215)  -  (223 

-  iro 4- 5'97(0  -4*67(2)  -  i 


4- 
4- 
4- 
4- 
+ 
-r 
4- 


4- 
4- 
4- 
-r 
4- 


179) -(185) +  (186) 

183) -(185)  4- (187) 

184)  ~  (186)  4- (187) 

188) -(193)  4- (194) 

189) -(195) +  (196) 

193)- (195) -t  (197) 
199)    -  (200)  4  (201) 

198)  —  (208)  -t-  (209) 

202)  —  (207)  4-  (208) 

207)  —  (211)  4  (212) 

211)  —  (216)  t  (217) 

218)  —  (222)  4  (223) 

213)  —  (220)  -I-  (221) 

220)  —  (224)4- (225) 


0  = 


0  = 


0  = 


0  = 


224) 
93(4)  -  3*96(6)  -  4'7o(  12)4-  5-53(  13)  -  o-83(  14) 
-h  607  -3*59(3)  -r  I4*37(4)  -  1078(5)  -  i'33(i9)  -^3*65(20)  -2*32(22)  -  13*77(24) 
4- 17*40(25) -3-63(26) 

4- i67-9--62-i2(9)  4-63-54(10) -1-42(11)  -1*33(19)  ^58-50(20) -57-17(21) -3-33(23) 
-6-96(25) -3-63(26) 
^  17*3 -3*59(3)  ^-5-52(4)  -  1*93(6)  -  i-02(8)  4-  2-44(  10)  -■  1-42(11)  -  i*33(i9)  -r3*65(2o) 

-  2-32(22)    -3*33(23)  +6-96(25)  --3*63(26) 

-4-5 -I -69(17) +  2-03(18) -0-34(19) -4-19(26)  4- 5*64(27) -1*45(29) -0*14(36) 
4-4*88(37)    -4*74(38) 

-  i-o-  1-45(27)  4-  8-22(28)  -6-77(29)  -  1-66(32)  4-4*34(33)  -  2-68(34)  -8-77(46) 
+  9*94(47)    -1*17(48) 

-3-4 -2-64(31) +2-61(32)  4-003(33) -4-77(38)  4- 6-99(39) -2-22(40) -0-28(46) 

+  5*37(48) -5*09(49) 

-[-50-3 -5*50(30) +8- 1 1  (31) -2-61  (32)  -5*37(48)  4-8-35(49)   -2-98(50)  -1-90(56) 

+  9*48(57)   -7-58(58) 

-5*3-^0-25(41)  4-4-41(42) -4-66(43) -4*05(55) -5*95(56)    -1-90(57) -1*76(59) 
+  2-29(60)      0-53(61) 

-7-4-0-49(50)  r2-i7(5i)- 1-68(52) -0-76(53) -^-4-81(55) -4-05(56) -5-27(67) 

+  6-08(68)    -0-81(69) 

+  5*7  +3-14(53)  -3*90(54)  +0-76(55)  -r  2-43(61)  -4-24(62)  +  1-81(63)  -0-67(72) 

-4*63(73) +3*96(74) 

+  9-6-  1-81(62)  -4*52(63)  -271(64)  -5*32(65)  -t-6-6i(66)  -  1-29(67)  -0-72(75) 

+  2-98(76)  - 2-26(77)  -2-01(82)  +  5*32(83)  --  3*31(84) 

+  37-0-48(77)  + 2-54(78)-2-o6(79)-i-38(8o)+3-52(8i) -2-14(82) -2-78(92) 

+  3*44(93) -0-66(94) 

-6-6- 2-15(87)  4- 3.59(88) -1-44(89) -2-98(95)  4-4-48(96) -1-50(97) +0-02(102) 

+  4-38(103) -4-40(104) 
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No. 

86 

87 
88 

89 

90 

91 
92 

93 

94 

95 
96 

97 
98 


(c)  Figure  adjustment — Continued. 
Observation  equations— Qon\Sxi\M&^. 

0=  —  r9  +  o'65(97)  —  4'i5(98)  -}-3"5o(99)  -f  4* 1 2(100)  -4*87(101)  -f  075 (102)  4-0-41(110) 

—  177(111)4-1*36(112) 

0  =  4-1-2  — o-99(io5)4-2-99(ib6)— 2-00(107)- 5-37(115) +4-34(ii6)-f  1-03(117)— 3-08(123) 

4- 7*48(124) -4'4o(  125) 
0=  —6-r 4- 5-40(117)  —6-67(118)4-  1-27(119)4-1*92(126)— 4-08(127)  4-2-16(128)4-0-92(134) 

-5*80(135)4-4*88(136) 
0  =  4- 8-5-^2-75(120) -3-55(121) 4-0-80(122) 4- 2-16(127)— 3-55(128)4-1*39(130)4-0-98(137) 

-4-63(138)4-3*65(139) 
o=— 0-34-3*02(1-28)— 4-41(129)  + 1-39(130)4-0-98(137)— 3-12(139)  4- 2-14(140)  4-0-35(146) 

-2-41(147)4-2-06(148) 

0=4- 6-2 -1-49(131)  4-5-76(132) -4-27(133) -2-28(145)  4- 2-63(146) -0-35(148) -2-20(149) 

4-3-98(150) -1*78(151) 
o=- 0-4 -0-09(140)  4-6-50(141) -6-41(142) -0-76(143)  4-3-04(145) -2-28(146)  4- 4*57(149) 

-4*57(152)  4-1*64(157)  - 1*64(158) 
o  =  -  i-i  -0-76(143)  4-4-30(144)  -3'54(  145)  -2-05(156)  -h3'"69(i57)  -  1*64(158)  -3'02(i59) 

4- 3'96(  160)— 0-94(161) 
o  =  - 17-3- 3-23(154)  4- 7*25(155) -4*02(156) -0-32(161)  4- 10-43(162)  — 10-11(163) 

—  13-15(172)  4- 14-47(173)  -  1*32(174) 

o  =  4-o-i-3-23(i54)4-7-25(i55)-4-o2(i56)— 0-32(161)  4- 7*42(163) -7*10(164)- 1*90(171) 

4-3-22(172) -1-32(174) -7-37(175)  -L- 7*74(176) -0-37(177) 
0  =  4- 5*5 4-0-35(169)  4- 2-33(170) -2-68(171) -2-40(182)  4-6-33(183) -3-93(184) -3-54(185) 

-h  3*85(186) -0-31(187) 

0  =  4-3*74-2-45(180)  -3-32(181) -ho-87(i82)  4- 1*44(187) -3*25(188)  4- 1*81(189)  4-0-45(195) 

-2-69(196)  4- 2-24(197) 
0  =  4-4-9-1-2-94(197)  —  2*72(198)  —  0-22(199) -f  2-64(200)  —4-53(201)  4- 1-89(202)-!- 1-11(207) 

—  4-11(208)  4-3-00(209) 

0=  —  12*9  —  2*24(202)  -f-  5*09(203)  —  2*85(204)  —  1*48(205)  4- 2-93(206)  — 1-45(207)  —0-98(216) 
4  0*08(217)  4-0*90(218)  —0-57(219)  -f- 1-95(220)  — 1-38(221)  -3-76(222)  4- 5*10(223) 
4-  2*03(224)  — 1*82(225) 


99 


o=  — 5*7  \  1-30(2)  0*46(3)  f  0-46 
-r  o*34(  19)  --  2*50(21 )  -  2*50(22 
4- 1*22(32)  4-0*66(34)  -0*66(35 
-0*49(50)  -r  0*49(52)  -076(53 

—  2-71(63)  -  2*71(64)  -  1-29(66 

—  0*67(74) -^0*72(75)  072(76 
-2*01(83)  ^  1-30(85) -1*30(86 
-0-66(94)  4-2*98(95) -2-98(96 

—  o*99(  105)  4-  o*99(  107)  4-  2*83( 
4-3*74(114)  -  1*03(115) -o*24( 

-  4*40(125)  4-  i*92(  126)  —  I*92( 

4-  o-92(  134)  -o-92(  136)  4-  o*9S( 

4-0-76(145) -f  0-35(146) -o*35( 

-1-18(154)  4- 1-18(156)  H-i*64( 

18732— No.  4 34 


6)  4-0*54(7)  -o*54(8)  -  1*32(9)  4-1*32(11)  -0*34(17) 

—  1*10(26)  —  1-45(27)  4- 1-45(29)  —  1-22(30) 

-  1-02(38)  4-0*88(40)  4- 1*17(46)  -  1*17(48) 
4- 1-05(56)  -  1*05(58)  4-0*53(59)  -o'53(6i) 
-0*81(69)-!  0*03(70) -0*03(71) -[-0*67(72) 
-^0*48(79)  -  1*38(80)  -i- 1-38(81)  4-  2-01(82) 
-1-1*44(89)— 3-02(90) -f- 3-02(91  )-f  0*66(92) 
-I- 3*50(99)  -0*75(100)  4-0*73(102)  -h 0-02(104) 
109)  4-0-41(110) -0*41(112)  -3*74(113) 
119)  —  o*8o(i2o)  4-0*80(122)  f  4*40(124) 

128)  4- 1*39(130) -1*49(131) +  1*49(133) 
139)  -  o*09(  140)  4-o*09(  142)  - o-76(  143) 

149)  -  1-78(151)  -0*85(152)  -^0*85(153) 

158)  4-0-94(159)  -0*94(161)  -3*97(162) 


.(6)4-0*54(7 

)-f  I 

10(23) 

)  -fo 

'14(36) 

)4-o 

*76(55) 

)  ^  2 

•10(67) 

)  ~o 

•48(77) 

)  —  I 

•44(87) 

)      3 

'50(98) 

108) 

-2-83( 

117)- 

ri^27( 

127)- 

-i*39( 

137)- 

-o*98( 

148) 

^i*78( 

157) 

-i*64( 

No. 

99 
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(r)  Figure  adjustment — Continued. 
Observation  equations — Continued. 

+  3*97(164)  +0-35(169)  -0-35(171)  4- 179(173)  - 179(174)  -0-22(175)  +0-22(177) 
~  1-36(178)  + 1-36(179)  -0-87(180)  +0-87(182)  +3-93(183)  -3-93(184)  +0-31(185) 
-0-31(187)  -  1-81(188)  4- 1-81(189)  -0-78(190)  +0-78(191)  +  1-38(193)  - 1-38(194) 
-I-  o-45(  195)  —  o-23(  197)  — o-22(  199)  -f  2*64(200)  —  2-64(201)  —  2-24(202)  +  2-24(203) 
—  1-48(205)  + 1-48(206)  +  1-11(207)  — 1-11(209)  +0-32(211)  -0*32(212)  —  2-66(214) 
+  2-66(215)  —0-57(219)  + 1-95(220)  — 1-38(221)  + 1-34(223)  +  1-82(224)  — 1-82(225) 

Correlate  equations. 

Ci       Ca       C3       C4       Cs       Cc       C7        C8       C9       Cii  C^^  Cya  C73  C74  €75  C99 

(0  +1      -I  +5  97 

(2)  +1  +1  -4-67 

(3)  -I       -I  -  3'59  -3*59 

(4)  -1  +1  -I  "93      +1437  +552 

Isl   ■•••   ••••   ■•••   ••••   ••••   ••••    *^X   ••••   ■•••   ••••        ••••    ^^ XO  /^         ••••        »•«•         •••• 

(6)  -I  +1  +1  +3-96  -1-93 

(7)  -1  -1 

(8)  +1  .  -I  -1  — i-oa 

(9)  +1  —X  -62  "la 
fiOl     ••••     ••■■        *^ X     *•«•      ••••     ••■•     •«••       ^^ X     ••••     ■•••              •«••              •«••  ^"^3  v4         "T*?  44  ■«••  •••■ 

(11)  +1       +1+1  -  1*42        —1-42  +1-32 

(12)  —I  +1  -4*70 

(13)  -I      +1  +5*53 

(14)  +1  -I  -083 


+130 

-KJ-46 

•  ■  »  • 

+0-46 

+054 

-054 

-I -32 

I  X5  /  ••••  «■•■  •••■         ••••  I*  X         ••••         •••«         ••••         ••••  ••■•  •«•■ 

(16)  -I 

(17)  -I    -I 

(18)  +1 

(19)  +1 

I  rifU I         •••■  ••••  *•••  ■••■  A         ••■•         ■■••         ••••         ••■•         •■••  •••■ 

(21)  —I  +1 

(aa)  +1      +1 

Correlate  equations— QouXStsm^. 

C6      C7       Ce       C9     Cio    Cii    Cia    C13    C14    Cxs    Cx7         Z^^  C73  C74  C7S         C76         C77  C78         C99 


-1-69 

-0-34 

+2-03 

-  i'33 

-  I  33 

-1*33 

-0-34 

+034 

+  365 

+5850 
-57 '17 

+3*65 

•  •  •  • 

•  •  •  • 

+2  50 

-  2-3a 

—2-33 

-2-50 

(23)  -I       -1       -I  -3 '33     -3 '33                                                              +I-IO 

(24)  +1  -1377 

(25)  +1  +17  "40      +6-96     +6-96 

(26)  +1  —1                                                                    -  3-63      -3  63    -3  63     -4-19                                                -i-io 

\  2y )  .•..       ••••       ••••       "T"!      "~"  I    ••••    ••••    ••••    ••••    ••••    ••••               ••••               ••••            ••••       "t'5  ^4      *""  ^  '45            ••••            •••»       ~~  I  "45 

(28)  -I  +8-aa 

(29)  +1  +1                                                                            -1*45    -6-77                                +1-45 

(30)  -1    —I  -5*50        12a 

(31)  +1  -2-64     -I-8-II 

\3^/  ••••   •••■   ••••  •»•-  ••«•  ■■■•   ^"  X  •••■  •••■   ^pl  ••••      ••••      •••■     ••••     ••••   "■"!  \)0   ■f'S  wl   "^  2  01   T I  *22 

(33)  -'    -I     +1  +4*34    +003 

(34)  -I     +1  -2-68                                +066 

(35)  +1  +1                                                                                                                                                     -0-66 

(36)  -I  —1                                                                            —0-14                                              +0-14 
^  37  /  ••••     ••••     ••••.,    •     ..•«   ^  I   ••••   ••••   •••.   ••••  •••■           •••.           ••••         •••.     "i  4  *'*^         ••••         ••••         ••••         •••• 

(38)  +1    +1    —X  -4  74                 -477                  -1*02 

(39)  -I  +6*99 

(40)  +1     +x     +x  -2*22                   +0-88 
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(^)  Figure  adjustment — Continued. 
Correlate  equations — Continued. 

!       Cis      C13      Cx4      Cis      Ct6     Cs7    Cs8    Cx9    C90    Caz    Caa    C93      C76          C77          C78         C79          Cto         CSx  C99 


(40 
(42) 
(43) 
(44) 
(45) 
(46) 
(47) 
(48) 
(49) 
(50) 
(51) 
(52) 
(53) 
(54) 
(55) 
(56) 
(57) 
(58) 


—I 

+1 

—I 

+x 

+0-25 

+4*41 

—I 

+1 

-4 -66 

+1 

•  ■  • 

•  •  • 

■  •  • 

•  «  • 

•  •  • 

—I 

•  •  • 

•  •  •         •  >  • 

•  ••          ••■          ••• 

—1 

—I 

+1 

—1 

-8 '77 
+9  94 

—0*28 

+1*17 

•fl 

+1 

—1 

—X 

1 

-X17 

+5-37 
-509 

-5 '37 
+8-35 

-I  17 

•  •  • 

•  •  ■ 

•  •  • 

+1 

+1 

•  •  • 

•  •  ■ 

...    —I 

+1 

-1    —I 

»•■          ■••          ■•• 

—X 

+x 

—I 
-X     +x 

-2-98 

-049 
+2-17 

-1-68 

—0-76 

+3 '14 
-3  90 

-049 

+049 
-076 

•  *  • 

•       ■ 

■  •  • 

•  •  • 

—1 

+1 

•  •  ■ 

—I 

+1 

•  •  • 

—1 

+1 

—I 

+1 

+1    ... 

+x 

•  •  •          ^*  \         •  •  • 

-x-90 
+9-48 
-758 

-405 

+5  95 
-1-90 

+4'8x 
-4<« 

+076 

+076 
+  105 

-J  05 

Correlate 

equations — Continued 

» 

Cx8 

Cx9 

Cao 

Cax 

Caa 

Ca3 

Ca* 

Cos 

Ca6      Ca7      C39        C79 

C80 

Csx 

Csa 

C»3 

C99 

(59) 

-I 

-x-76 

+0-53 

(60) 

—  I 

+2-29 

(61) 

+  1 

—  I 

—  I 

-0-53 

+2-43 

-0-53 

(62) 

+  1 

+1 

• 

-4  24 

-I -81 

(63) 

•  •  • 

■    •  • 

•  •  • 

■  •  * 

+  1 

«  •  ■ 

—X 

•  ■  • 

•••             •••             ••«             •••••• 

+  x'8i 

+4*52 

-271 

(64) 

+1 

—271 

+27X 

(65) 

-I 

-5*32 

(66) 

—I 

+1 

+6 -61 

-1-29 

{f^) 

—  I 

—  X 

-5  27 

-1-29 

+2  10 

(68) 

•  •  • 

a     ■    • 

—  X 

+1 

«  •  • 

.  . . 

•    •    • 

■        • 

•«•             ■••             *•■             •••••• 

+6-08 

(69) 

+  1 

+x 

+  1 

— o'Sx 

-o'8x 

(70) 

—X 

+1 

+003. 

(71) 

—  X 

+1 

-00s 

(72) 

—X 

+x 

+0-67 

+067 

(73) 

•  •  • 

■  ■    • 

•  •  • 

•  •  « 

+1 

—  X 

•  •  • 

»  ■  ■ 

•••             •••             •••             •••■•• 

-463 

(74) 

•^ 

+x 

—I 

+3-96 

-0*67 

(75) 

—  X 

—072 

+072 

(76) 

+x 

—I 

+2-98 

—072 

(77) 

+1 

—I 

-226 

-0-48 

-0-48 

(78) 

•  •  • 

•    •    ■ 

•  •  • 

•  ft  ■ 

•   •  « 

•  •  • 

•  •  • 

■   •  • 

•  •  ■          •  •  •          ^^X         ••••>• 

+2*54 

(79) 

+1     +1 

-306 

+0-48 

532 


(So) 
(8i) 
(82) 

(83) 
(84) 

(85) 
(86) 

(87) 
(88) 

(89) 
(90) 
(91) 
(92) 
(93) 
(94) 
(95) 
(96) 
(97) 
(98) 

(99) 
(100) 

(lOl) 

(102) 

(103) 
(104) 
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(^)  Figure  adjustment — Continued. 
Correlate  equations — Continued. 

Cas      C96      C97      CaB       Cfl9      C30       C3X       €32       C33       C34       C35  CSa  C83 


—I 

-I     +1 

—  I  +1  —2-01 

+  1      -I  +5 '32 

+  1     —3 '31 

—  I  —I 

+  1       -I 

+  1       +1       —I       —I 

+  1 

!■■•   ••••   ■•••    «•••  *T*  *    •■••    •■••    •■«•   ••••    ••••       •• 

—I   —I 

-I     +1 
—I  —I  +1  +1 

+1 

»»••      ■•*•      •■■•       ^^^  •     ••••      •••■      ••«•      »•■■      ••••      ■••■      •••■  •■ 

—1 

+1  -I 

+1     -I     -1 
+1  -I 

,••«  «•••  •••■  ••••  ••••  ••-•  ••*•  •••■  ••«•  ^P 1  *T    ^  *   * 

—I 

—I 

-I     +1     +1 

—I 

,a««      •••■      ■••■      •■«•      •«•*      ••>■         *^  \  "J*  4      ■•••      ••*•      •■•■  ■• 


Correlate  ^^«a/zV?«5— Continued. 

C33       C34       C35       C36       C37       C38       C39       C40       C41       C49       C43       C45  Cas  C86 


C84 


C8S 


C99 


-1 38 

-1-38 

+3*52 

+  1-38 

I       —2*14 

2 

+  2'OI 
—2  01 

&                         •   •  ■    • 

•      •      •       V 

•  •  •  • 

•    •   •    • 

+  1-30 
-1-30 

-2   15 

-1-44 

+3*59 

•                         •   ■  •    • 

-I '44 

•  •  •  ■ 

+  1-44 
-3-02 

+3  02 

—278 

+066 

+3 '44 

-0-66 

•  •  •  • 

■  ■  •  • 

-066 

—2-98 

+298 

+4-48 

-2-98 

-1-50 

+065 

-4 '15 

-3  50 

•                    •  •  •  ■ 

•  •  •   • 

+3*50 

+3  50 

+4*12 

-075 

-4-87 

+0*02 

+075 

+073 

+4-38 

•                     ■  >  •  • 

-4  40 

•    ■    a     • 

4-0'02 

C87 


C88  C89 


C99 


(105) 
(106) 
(107) 
(108) 
(109) 
(no) 
(III) 

(  >I2) 

{:i3) 
(114) 

(115) 
(116) 

(ny) 
(iiS) 
(1 19) 
(  20) 
(121) 
( 122) 

(123) 
(»24) 
(125) 
(126) 

(127) 

/I2S) 
^129) 
(130) 


—  I 

+1 


—  I 

-I     +1 
+1 


—  I 

+1 


—I      —I 

+1 
+1 


—  I 

+1 

-I 

+1 


—I 

+1 


—I 


+1 


—I 

+1 

—I 

+1 


—I 

+1 


+0-41 
-177 
+1-36 


— 1 

+1 


+1 


—  I 

+1 


—I 


+1 


— 1  — 1 

-I    +1 

+1     +1 


—I 

+1 


—I      —I 

+1 


—I 

+1 


-0*99 
+2 '99 

—  2  "00 


-5 '37 
+4  "34 
+i'03 


+5*40 
-6  67 
+  127 


+  275 
-3 '55 
+o'8o 


-099 


+0-99 

+2-83 

-2-83 

+041 

-0-41 

-3  74 

+3  74 

-I  03 

— 0*24 


+1 

— o 


27 

So 


+o'8o 


«         ■  •  • 


+1     ... 


-.308 

+7-48 

•  •  ■   . 

•   •  •   > 

•  «  •  • 

+4 '40 

-4*40 

+1*92 

-4  40 

+  192 

-4  08 

+2 -16 

-192 

+2 -16 

-3*55 

+  3 '02 

-4  41 

-I  39 

.... 

•  ■  •   • 

+  1-39 

+1-39 

+  1-39 
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(c)  Figure  adjustment — Continued. 
CorreUUe  equations — Continued. 

C40      C41       C4a      C43       C44       C4S       C46       C47       C48      C49       Cso         C87  C88  C89  C90  C91  Cot         C99 


(131) 
(13') 

(«33) 
(134) 
(135) 
(136) 
(137) 
(138) 
(139) 
(140) 
(»4i) 
(142) 
(«43) 
(144) 
(U5) 
(146) 
(147) 
(148) 

(149) 
(150) 
(151) 
(152) 
(153) 


—I   —I 


-I   +1 


—I 


+1 


—I 

+1 


+1 


—I 
+x 


+1 

—I 

+1 


+1 


-1-49 
-1  +5-76 

+1  -4 '27 

+0-92 

>•••        ••••        ■•••        «•••        ••••        ^"^d    Ov        '•••••        »•••••         •■•••» 

+4-88 

+0-98    +098 
-4-63 
-I                                                +3*65    -3" 
-I    +a'i4    


-1*49 

+  149 
+0-92 

-0-92 
+098 

—0-98 
--o'09 


—I 

— 1 
+x      +1 


+1      +1 


—I 
+1 


—I 


+x 


—  X 

+1 


— o  '09     

+650 

—6  "41  +009 

— 0*76    —0*76    --o'76 

+4  30 
-a -28    +304    -3*54    +0*76 


—I 


—I 
+x 


+x 


—I 

+1      -X 
+1 


+0-35    +2-63    —2-28 

-2-41 
+2*06    -0*35 

-2-20    +4*57 

•     "t"3  '98    •••••• 

— X78 

-4*57 


+035 

-0-35 

+178 

•  •  ■  •  •  • 

-178 
-085 

+0-85 


Correlate  equations — Continued. 


C48 

C49 

C50 

Csx 

Csa 

C53 

C54 

Css 

C56 

C57 

C58     C9X 

C9. 

C93 

Cm 

C9S 

C99 

(154) 

—I 

—I 

-3  23 

-3  23 

~i-i8 

(155) 

—1 

+1 

+7*25 

+7 -as 

(156) 

—I 

—X 

+1 

+1 

-205 

—4 '02 

-4  02 

+  I-18 

(157) 

—I 

+1 

+X-64 

+369 

+  164 

(158) 

+1 

•  •  •  • 

+1 

■  •  •  ■ 

•  •  •  • 

•  •  •   • 

■   ■  •   ■ 

•  •  •  • 

•  •  •  « 

•  •  •  • 

....     — x'64 

-1-64 

-i'«4 

(159) 

—I 

-302 

+094 

(160) 

—I 

+3*96 

(161) 

+  X 

+x 

—  X 

—X 

-0-94 

-032 

—0-32 

-094 

(162) 

+1 

—X 

+10-43 

-3 '97 

(163) 

•   *  •    ■ 

•    •  •    • 

'   •   ■    • 

+1 

-   ■  ■  » 

■  •  •  ■ 

•    •  •    • 

—I 

•  •  •  « 

•  •  ■   • 

•■••         •••••• 

— io"n 

+7-42 

(164) 

+  1 

+x 

—7*10 

+3*97 

(165) 

—I 

+1 

(166) 

+x 

—I 

(167) 

+1 

(168) 

•    •  •    ■ 

•   •  •    • 

•   •  ■    • 

•  •  •   • 

•    ■  •    ■ 

•  •  •  • 

•    •  •    ■ 

—I 

•  •  •  • 

•  •  ■  • 

•■••         ■••••• 

(169) 

—X 

+0-35 

+035 

(170) 

—X 

+x 

+2-33 

(171) 

—I 

+x 

-1-90 

-2-68 

-035 

(172) 

—  X 

-13 -15 

+3*22 

(173) 

•   •  •    « 

•  ■  •  • 

■  •  •  • 

■  ■  •  • 

—I 

#  •  •  • 

+x 

•  •  •  « 

•  >  •  1 

•  •  •  • 

•■••          ••••*• 

+  14  47 

+179 

(174) 

+1 

+x 

-1-32 

-1-32 

-1-79 

(175) 

—  X 

—  X 

-7-37 

—0*22 

(176) 

+1 

+7*74 

(177) 

+x 

—I 

-0-37 

+0-22 

(178) 

•  •  •   • 

■  •  •  • 

•  •  •  ■ 

•  •  •  • 

•  ■  •  • 

•  a  •  • 

•  •  •  • 

•  ■  •  • 

•  ■  •  • 

—X 

••■»         ••••■• 

-1-36 

(179) 

+x 

+x 

+  1-36 
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(^)  JPtgure  adjustment — Continued. 
Correlate  equations — Continued. 

C56       C57       Cs8       C59       C60       C61       Cto       C6^       C64       C«s       C66  C9S  C96 


C97 


C^e 


(180) 

—  X 

+2 '45 

(181) 

—  I 

-3 '32 

(182) 

—  I 

-1 

+  1 

+1 

-2-40 

+0-87 

(183) 

+1 

+6-33 

(X84) 

•  •  •  ■ 

•  •  •  ■ 

+  1 

«  •  •  • 

•    •  «    • 

•    a  •    ■ 

•  •  •   • 

•    ■  •    • 

•   •  ■    • 

•   ■  •    • 

•  •  •  « 

-3*93 

•  •  •  • 

(185) 

—  I 

—  I 

-3  54 

(186) 

+  1 

—  I 

+385 

(187) 

+1 

+  1 

-I 

—  I 

-0-31 

+  1*44 

(1S8) 

+  1 

—  I 

-3  25 

(189) 

•  •  •  • 

■  «  •  • 

•  •  •  • 

•  •  «  • 

+1 

+  1 

•   •  •   • 

•   •  •    • 

•  •  •  • 

•  ■  ■   • 

■  •  •  • 

«  •  •  • 

+i-8i 

(lyo) 

—  I 

(191) 

—  X 

(192) 

-    I 

+1 

+  1 

(193) 

—  I 

+  1 

(194) 

•  •  ■  • 

■  «  •  • 

•  •  •  • 

+x 

•  •  ■  • 

•   •  •    • 

•    ■  «    ■ 

•    •  •    • 

•  •  • 

•  ■  •  • 

•  •  ■  • 

•  •  •  ■ 

•  ■  ■  ■ 

(195) 

~1 

—X 

+0-45 

(196) 

+1 

-2-69 

(»97) 

+  1 

—  1 

—  X 

+2  24 

(198) 

+1 

-I 

(199) 

•  •  ■  • 

■  •  •  • 

k  •  •  • 

•  ■  •  • 

•   m  •   • 

•   •  •    • 

+  1 

•  «  •  • 

+1 

•  •  •  • 

•  •  •  • 

•  •  •  • 

•  •  •  • 

(»o) 

—  I 

—I 

(aoi) 

+  1 

(ao2) 

+1 

—I 

(203) 

+1 

—I 

(204) 

•  •  •  • 

•  •  •  ■ 

■  •  •  • 

•  •  •  • 

•   •  •    • 

•  a  •   • 

•    •  •    • 

•       •  • 

•  •  •  • 

•  •  •  • 

+1 

•  ■  •  • 

•  ■  •  • 

+2  94 

—272 

— 0*22 
+  2  64 

-4 '53 

+1*89 


—2*24 

+5*09 
-2.85 


C63 


C64 


C65 


Correlate  equations — Completed. 

C66  C67  C68  C69  C70 


C97 


C98 


c» 


— 0-87 


+0-87 

+3-93 

-3 '93 

+0-31 

-0-31 

-I -81 

+  X-8I 

—078 

+0-78 

+  1-38 

-1-38 

+045 

—0-23 

— o'a2 

+2  64 
-264 

—  2'24 

+  2*24 


C99 


(205) 

—I 

—  x-48 

— 1-48 

(206) 

—  X 

+x 

+293 

+  X-48 

(207> 

—  I 

+  1 

+  I'XI 

-1-45 

+  I-II 

(208) 

—  I 

+  1 

-4 -I  I 

(209) 

+  1 

•    •   •    • 

•    •  •    • 

•   •  ■    • 

«    •  ■    ■ 

•  •  ■   • 

•  •  «  • 

•  •  •  • 

+3*00 

»  •  •  • 

—  I'll 

(210) 

—  I 

+  1 

(211) 

—  I 

+  1 

+0-32 

(212) 

+  1 

—I 

-0-32 

(213) 

+x 

—I 

(214) 

•    •    •    ■ 

•    •   «    • 

•   •  • 

■    *  •    • 

■    ■  ■    « 

■  •  •  ' 

+x 

—I 

•  •  «  • 

»  •  •  • 

-2-66 

(215) 

-    I 

+1 

+  2-66 

(216) 

-I 

—0-98 

(217) 

+  1 

-X 

+008 

(218) 

+x 

+090 

(219) 

•    •   •    • 

•    •   •    • 

■  •  •    • 

•    •  •    • 

•  •  •  • 

•  •  •  ■ 

—  X 

•  «  •  • 

•  •  •  • 

-o'57 

-057 

(220) 

—I 

+1 

+i'95 

+  1-95 

(221) 

+x 

-x-38 

-1-38 

(222) 

—I 

-3-76 

(223) 

«    •   •    • 

•    ■   •    • 

•   •  •   • 

■   fl  •    • 

+x 

•  ■  •  • 

•  •  •   • 

—I 

•  •  •  • 

+5  10 

+  1'34 

(224) 

—I 

+x 

+2-03 

+  X-82 

(225) 

+x 

-1-83 

-i'8a 
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(r)  Figure  adjustment — Continued. 
Normal  equations. 


c. 

C. 

C3 

C4 

C5 

06 

C7 

Cb 

C9 

Cxo      Cxi 

C71 

C7. 

C73 

C74 

C7S 

C76 

C99 

I 

0= 

—0-98 

+4 

+2 

—2 

—2 

-863 

+0-91 

~0'a4 

2 

0= 

-094 

+4 

—2 

—2 

+  1-54 

-14 '37 

-5  52 

3 

0= 

-086 

+6 

—2 

-0-41 

+63-54 

+2*44 

+076 

4 

0= 

-173 

+6 

+a 

—2 

+2 

+3-96  +  1-27 

-  4  95 

+036 

-4-86 

5 

0= 

—0*52 

•  •  •  • 

•  •  ■  ■ 

•  •  •  • 

•  •  •  • 

+6 

•    •  •    • 

•  •  ■   • 

•  ■  •  • 

•  •  •  • 

•  ••*           •■«• 

— i-io 

+11-99 

-58-50 

+3 '14 

•  ■  •   • 

•  •  •  • 

—2 '04 

6 

0= 

+0-44 

+6 

+a 

+2 

—2 

-  230  +  456 

-039  - 

3  85 

+2  60 

7 

0= 

-088 

+6 

+2 

+3-96 

-  a"99 

+  1-91 

+  1*00 

+  1*22 

8 

0= 

+056 

+6 

-4*70  +17.40 

-54*67 

+643 

+0-22 

9 

0«s 

+0-91 

+6 

-2        +2 

+  2-30 

+  2-30 

+2-30  + 

II '18 

+  1-23 

-0-99 

Normal  equations — Continued. 

Cxo    Cxx     Ci»      Cx3      Cx4      Cis      Cx6      C17      Ci8     Cao        C75  C76  C77  C78         C79  C80  C99 


10 

0=s— O'lO 

+6 

+  2 

-2 

+2 

—11-69  -"'34  -  4 '80 

+2  40 

II 

o=  +  i-40 

+6 

—  2 

~  590  -  434  -  480 

-I '34 

12 

o=+o-i7 

+6 

+2 

+2 

—  2 

+  4*74  +13  60  +  5  62 

-276 

-1-66 

13 

0=  +0  -05 

+6 

+  2 

-  i'3l  +  372  -  1-94 

+  I*02 

15 

o»— 1'62 

+6 

—2 

+8-77  —14*02 

—2                 —  0*49  —  2  76 

+8*35  +  4-66 
-040  -  5'95 

-029 

+  I-02 

0=s+0'I2 

+6 

+  2 

+2 

+356 

16 

o=— 1*27 

+6 

—  2 

+2 

-2                               +  5-09 

+0-Q5  —12-76 

+3-56 

-1*54 

17 

0=  +  I72 

+6 

—2 

—  2-64 

-3  "45  +  2-15 

+0-17 

Normal  equations- 

—Continued. 

Cx8 

CI9 

Cm 

Cax 

C« 

Ca3 

Ca4 

C95      C96 

Ca7         C78 

C79           C80 

C8x 

CSa 

C83         Cw 

18 

o=-i-35 

+6 

—  2 

—2 

+948 

+3*49  -  4  81 

+  1-67 

-I   29 

>9 

0=  +2  -22 

+6 

+2 

+2 

+2 

+2 

—3  "52  +10-03 

-905 

-0-52 

-0-86 

20 

o=z  +0  '06 

+6 

—2 

+2 

+I-08 

+5*95  -  7  52 

-3  14 

+  149 

21 

o=+o-25 

+6 

+  1-76  +  7-50 

-4 -24 

-0-52 

-2  14 

22 

o=+i-30 

•   •  •    • 

■  •  •  • 

■  •  ■  • 

•  •  •  • 

+6 

—2 

—2 

•••■       •■■• 

••••                  •••• 

-3  52  +  4 -81 

-1-26 

+4-52 

....  —  2  '09 

23 

o=— 0-67 

+6 

—2 

—  0*05 

+  155 

-6-61 

+057 

24 

0=  —0  -26 

+6 

—2 

-114 

-3*53 

+468 

25 

0^+0-03 

+6      -2 

—2 

+2-09 

+1-66    -3-84 

a6 

0— +0-25 

+6 

-396 

+3*30 

+  1*42 

27 

28 
29 

30 

3» 
32 
33 
34 
35 
36 


0= 

0  = 

0= 

O: 

o- 
0= 

O: 

o- 


'+0-14 
—0-91 

+  1-41 
+0  50 
+013 

+  174 
=  —0-04 
'  — o  -41 

+0-45 
+0-64 


Normal  equations — Continued. 

C»7    Cae    Ca9    Cso    Cjt    C39      C33      C34      C3S      C36      C37      C38        C«a 


C83  C84  Css         C86        C99 


+6  -J  +2 

+6  +2  —2  —2 
+6  —2  —2 

-1-6  +2  -2 

, +6  +2 

4-6 


+0-25 


—2 
+6 


—2 

+2 
+6 


—2 
+2 
46 


—2 
+6 


—2   +2 


-7 -24 

—I -01 

+  7  "02 

-2-15 

+130 

+  1-62 

-2   15 

-292 

-2-78 

+8-17 

-5-44 

—2-78 

-304 

•  •  ■  • 

....  +5-14 

— 10  -40 

-O'lO 

+8-31 

+  1-52 

-8-17 

-7 -68 

+  1*52 

+6  29 

+382 

-h8-6o 

+  2-0O    +8*02 

•  •  •  t 

•  •  •  • 

«i-36 

-f-472  +6-17 

536 


37 
38 
39 
40 
41 
42 
43 
44 
45 


0= 
0= 
O: 
0= 

o= 

OS 


=  +  i'3i 

'-0'25 

-o'57 
+OM 

I  — 0'20 
+095 

+0-86 

-0-55 
!— 0-48 
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(c)  Figure  adjustment — Continued. 
Normal  equations — Continued. 

C37    C38    C39    C40    C41    C4a    C43    C44      C45      C46      C47         C86  C87  C88  C89 


Cgo  C91  C99 


+6    +2     —2    —2 
4-6     —2     —2 

+6    +2    —2    -2 

+6     +2  +2 

, 4-6    4-2    4-2 

4-6    -2 

4-6    -2 
4-6 


—2 


4-2 
4-6 


—  2 


-  065  4-  5 '40 

-  365 

4-16*96  4-  5 '40 

4-12*67 

—  4-11  -10-13 

4-1-36 

-  3  13 

-  4*"  -  I  "39 

-275 

4-  0*I2 

. .  .           ....    4*10*20 

-7-66 

4-3 '02 

• 

4-0  '29 

4-  4'o8 

-2*03 

4-0*41 

+  3-13 

-2                 4-  4"88 

4-1*98 

-3'" 

+4*27               -  2*59 

4-2 

-3-65 

+6-97 

-5 

•76  4-2-19  4-  3  17 

-    1*24 

+3*55 

-2-96 

+1 

•14               4-  3  45 

Normal  equations — Continued. 


C46 

C47      C48 

C49 

Cso 

C5. 

Csa 

C88 

C89          C90 

C91 

C9, 

C93 

C9« 

C99 

46 

0=4-0  33 

4-6 

4-2      —2 

-179    +5*33 

—16*21 

+3 '54 

-3*79 

47 

0=4-0*38 

4-6 

-3*65 

4-3  •12    -3-85 

-10*98 

4-0-78 

48 

o=-o*54 

4-6 

—2 

4-2 

—0*50 

-  4*05 

-8*11 

-0*83 

49 

o=— 1*36 

+6 

4-2 

—2 

—  2 

4-  6*21 

4-7 '82 

+3*70 

+370 

4-0-28 

50 

o=— 1*98 

•  •  •  • 

■••■         •••• 

•  •  •  ■ 

4-6 

—2 

—2 

•  •  •  • 

••••                 «••• 

-  0-88 

+o*57 

+370 

+3 '70 

-300 

Normal  equations— 

-Continued. 

Csi 

Csa 

CS3 

C54 

Css 

C56 

C57       Cjg       Cs9 

C60   C61 

C9» 

C93 

C94         C95 

C9«           C99 

51 

o»— 0*20 

4-6 

4-2 

—  2 

—2 

— 

-1*11 

—21 -06 

-3  53 

4-    2*12 

52 

o=»-o*95 

4-6 

4-2 

—  2 

- 

-I*II 

-   5-83 

-1*79 

-  4  25 

53 

0=4-0*13 

+6 

4-22 -31 

+5*94 

—  0*61 

54 

0=4-1*57 

4-6 

4-2 

—2 

+  404 

4-1-80    4-2*68 

4-10-52 

55 

o=-2*85 

•  •  •  • 

•  •  •  • 

•  •  •  • 

•  •  •  • 

4-6 

«  •  •  • 

•  ■••          •••■          •••• 

••••       •••• 

•   •  •    ■ 

4-10*11 

4-0  '59 

4-  4 '19 

56 

0=— 0*42 

4-6 

4-2      —2 

-I  53  +  2*38 

4-  0*48 

57 

o=-o*33 

4-6      4-2      -2 

—2 

4-11*96 

+0-57  -1-  5  16 

58 

0=*— 1*19 

+6      -2 

—2 

■-  371 

-t-057  -  5  46 

59 

o=-i*03 

-1-6 

4-2     —2 

—  2*09 

-6-27  -  2*52 

^ 

0=4-1-59 

a    •   •    • 

>  •  «  • 

•  •  «  • 

*  •  •  • 

•  •  •  • 

•  •  •  • 

•••■          ■•■■         ■■•• 

4-6     4-2 

»     K    •      • 

•  •  •  * 

—  2  -09 

4-1*42  4-2*54 

Normal  equations — Continued. 


C6i 

Cfia 

C63 

C64 

C6S 

C66 

C«7 

C68 

C69 

C70 

C96 

C97 

C9« 

C99 

61 

0= 

4-1*00 

4-6 

—  2 

—2 

4-6*85 

+  2*94 

+4-32 

62 

0=a 

-2*21 

4-6 

4-2 

4-2 

-2*24 

-10*33 

-6*05 

63 

0= 

-1-0 -28 

4-6 

—2 

-2*24 

+  1*45 

—0-10 

64 

0= 

— 0*20 

•  ■  ■  « 

•  •  •  ■ 

•  «  •  • 

4-6 

—2 

■  •  •   • 

•   •  •    ■ 

•  •  •   « 

•  •  •  • 

•  ■  *  • 

■    •  •    • 

-  3 -47 

-o*79 

-6*21 

65 

0= 

+392 

4-6 

—2 

—  2 

—  0-78 

+2*95 

+3*47 

(V) 

0= 

-2*85 

4-6 

—2 

-6*88 

-1*92 

67 

,0= 

-1-59 

4-6 

—2 

4-9-68 

-1'32 

68 

0= 

-3  17 

4-6 

—2 

4-1  08 

-005 

69 

0  = 

-»-0*I0 

4-6 

—2 

-133 

-3-78 

70 

Oaa 

+0*43 

•  •  •  • 

•  •  •  • 

•  •  •  • 

■  •  •  « 

■  •  •  • 

«  •  •  • 

•  •  •  ■ 

«  •  •  * 

•  • « • 

+4 

•   •  •    • 

•  •  •  • 

-307 

+5 -So 
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89 

90 

91 
92 

93 
94 
95 
96 
97 
98 
99 


(c)  Figure  adjustment — Completed. 
Normal  equations — Continued. 


C7I 

Ct* 

C73 

C74 

Crs 

C76 

.C77 

C78 

C79 

C80: 

C99 

71 

o=»—   11 'O 

+130-22 

-  27-73 

-  18-30 

-  4-25 

72 

0=+  607 

+861  -62 

+349-58 

+246  96 

+  15-66 

+  10-99 

73 

o=+i67-9 

+14  663-38 

+445-06 

+  15-66 

—62  -92 

74 

0=+  17 '3 

+149-28 

+  15-66 

+  5-»2 

75 

o=-    45 

+104-86 

+    1-64 

+  22-61 

-  0-40 

76 

0=  —    1  -o 

+321  36 

—    8-03 

+  10-62 

—20-40 

77 

o=-    3-4 

+145-15 

-  99-56 

—  0-52 

78 

0=+  50-3 

+361  -21 

-29  32 

+9-16 

+17-23 

79 

0--5-3 

80 

o=-7-4 

81 

o=+5-7 

82 

o=+9-6 

83 

o=+3-7 

84 

0--6-6 

85 

o=— 1*9 

86 

0=  +  I-2 

87 

o»— 6*1 

88 

o=+8-5 

O: 
0= 
O- 

O- 

o- 
o- 
o- 

O' 

OS 

OS 


--  03 

=  +  6-2 

.-  0-4 

s-     1  -1 

»-i7-3 
»+  01 

•+  55 

'+  3-7 

'+  4-9 
1  —  12-9 

—  5*7 


Normal  equations — Continued. 


C79 

C80             CBi 

CSa 

Ca3         C84 

C85 

C86 

C87 

C88 

C89 

C99 

+105-26 

-  4358     -  4-37 
+  113-38     +  127 

+90-37 

+     680 
+   15-86 
+  162-51 

+  539 

+   2*52 

—  II'OI 

—  10  •21 

-47 'M 

•  •  •  •  •  mtm  •         •«•■•«• 

+49-80    

+89-33 

-  0-96 
+76  30 

+  147-45 

«   •           •  •  •   • 

+     5-56 
+  158-56 

-16-48 
+75-73 

+  6-52 
-19*22 

+  0-30 
-21-38 
+23-84 
+56-56 

+  5*19 
-  1*46 

C89 


C90 


Normal  equations— Completed, 

C91  *C9«  C93  C94  C9S 


C96 


C97 


C98 


c» 


+55*95    +  0-20 

-0*99 

+     0-96 

+89-72 

—  22-98     +  8*07 
+145-51     -  1-44 

-  5-58 
+   18*92 

+77-80      +    8 

•54 

+    8*M 

+      2-26 

•••••••         ••••»•• 

+674 

•30 

-3636    

+314-81    +5-09 

• 

-    13-77 

-  24 -^s 

4-101*46 

-  2*53 

+46*15       +6*59 

+7428       -     5-84 

+  3829 
+    7-02 

+  11-97 

+107-31 

+   41  '21 

+417  -57 

/Resulting  inilues  of  correlates. 

C, =+0-817 

C„=— 0-667 

C3=+o-7i5 

C34=+o-o87 

Ca=— 0"080 

C,3-    0-133 

Ca4  = +0-243 

C35-    0-471 

C  3= -0-054 

C,4= +0-961 

C.s= +0-291 

C^=— 0-624 

C  4= +0-513 

C,5= -0-419 

Ca«=+0-I72 

C37  =  -0-62I 

C5=— 0-044 

C,6=  +  I042 

Ca7=+0-272 

C38=+o-473 

C«= +0-022 

C,7=+o-o32 

Crf= +0-474 

C3,=+o-i67 

Cy  =  +0-III 

C,8=  -0  -045 

C^= -0-473 

C4o=— 0-210 

C  8= +0-017 

C.9-       2053 

C3o=— 0-460 

C4.  = +0-352 

C9— — o-i66 

Cao  =  +I035 

C3,  =  +0-26l 

C4a= -0-472 

C,o= +0-042 

Ci,= +0-500 

C3a= -0-527 

C43= -0-469 

Cxx  =  — 0  -350 

C„=:+o-573 

C33=-o-299 

C44=— 0-210 

538 
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RestUHng  values  0/ correlates — Completed. 

C45=+o-332 

Cs9= +0-456 

C73  =  — O-OIO  38 

C87=+o-047  4 

C46=      0077 

C6o= -0-453 

C74  = +0-038 

Ca8=— 0-126 

C47  =  -0  -367 

C6.=+o-28i 

C7s= +0-094  8 

Ce9= -0-025 

C4a=— 0  -023 

Cfa= +0-851 

C76= +0-010   7 

C9o=-o  -088  3 

C49=+o-366 

C«53=    0-431 

C7,= -0-058  5 

C9,=— 0-063  9 

C5o= +0-444 

C64  =  — 0-518 

C7«=— 0-190  5 

C5,=— 0-012  2 

Csx=+0  726 

C6s=— 0*604 

C7,= +0-048  5 

C„=+o-o33  2 

C5a=— 0*008 

C«=+o  -540 

Cao=+o-279  5 

C,4=+o  -006  5 

C53=+0  098 

C67=: +0-314 

C8,=-o-i93  4 

C«=  -0069  7 

Cs4=-o-674 

C«= +0-382 

C8a= -0-030 

C56=— 0-043    I 

Css= +0-854 

C<S9= +0-234 

C83  =  — 0-104 

C^= +0-026 

Cs6=— 0-164 

C^=  -\-o  -202 

C64= +0-077    7 

C56=+o-i28  7 

C5;=+o-i89 

C7i  =  +0-IIl     I 

C8s=+o-oi4  2 

C»=+o-o43  8 

Cs8= +0-083 

C;a  =  — 0-076   8 

C86= -0-058    7 

Corrections  to 

angular  directions. 

(i)=+o-637 

// 
(29)=— 0-236 

(57)=    0-933 

(85)  =+0-258 

(2)=+o-3oi 

(30)=+! -382 

(58)=+! -on 

(86) =-0-259 

(3)=    0-349 

(31)=     1*359 

(59)=  0-562 

(87)=— 0-030 

(4)=     1-072 

(32)  =  40*627 

(60) =+0-155 

(88)=+o-540 

(5)=+o7i7 

(33)=    0-315 

(61)— +0-916 

(89) 0-509 

(6)=+o-i94 

(34)  =+0 -208 

(62)  — -0*679 

(90)  =+0-134 

(7) 0-739 

(35)  =-0-545 

(63)=  0-275 

(91)  =+0-065 

(8) =+0-130 

(36) =+0-084 

{64) =4  0-443 

(92)  =  +0 -118 

(9)  =+1-078 

(37)=+o-8i3 

(65)=— 0-012 

(93)=    0-831 

(10)  =—0-638 

(38)  =-^0 -144 

(66)  =  — 0-798 

(94)  =+0-514 

{ii)=+o*i69 

(39)  =  - 1  "370 

(67)  =  +o-2ii 

(95)  =+0-359 

(i2)=-o-45i 

(40)  =  40-330 

(68) -4  1-164 

(96) -+0-284 

(13)  =+0-640 

(41)  =  -0-953 

(69)=    0*564 

(97)-    0-423 

(14)— —0*128 

(42)=+o-i69 

(70)  =— 0-118 

(98)=— 0*040 

(i5)=-o-o44 

(43)  =  -0 -145 

(71)  =+0-047 

(99)  =  — 0 -181 

(16) =—0-017 

(44) =+0-961 

(72)  =-0-431 

(100)  =  +0*325 

(i7)=+o-34i 

(45) =-0-032 

(73) =+0753 

(ioi)=— 0*156 

(18)  =—0-158 

(46)=— 0-188 

(74)  =  -0-252 

(102)  — +0*360 

(19) =—0-140 

(47) =-0-027 

(75)=    0-189 

(103) =+0*079 

(20)=— 0-704 

(48)  =  +0-397 

(76)=— 0-169 

(104)=— 0*607 

(2l)  =  +0-2II 

(49)  =  -1-374 

(77)  =  +o-ii6 

(105) =+0-636 

(22) =+0  450 

(50)=  -0 '002 

(78) =+0-209 

(106)=— 0-173 

(23)  =  -o-i94 

(5i)=+i-i4i 

(79)  =  +0*034 

(107)  — +0*007 

(24)  =  +  i-i69 

(52) =+0-051 

(80)=— 0-390 

(108)=— 0-048 

(25)=— I -127 

(53)-    0-549 

(8i)=— 0-104 

(109)  =  — 0-423 

(26)  =  — 0-078 

(54) -+0-896 

(82)  =+0-352 

(1 10)  =  +0-408 

(27)  =  +0-247 

(55)=    0-401 

(83)=— 0-129 

(iii)=+o-o62 

(28)  =+0 -221 

(56)=— 0-023 

(84)  =+0-271 

(ii2)=+o-i54 

TRANSCONTINENTAL  TRIANGULATION— PART  III — TRIANOULATION.      5  jy 


ConrdioHS  to  ani^ular  dirtc 

(iOHS^ 

Coinplotcil. 

ff 

ff 

ff 

0 

(113)=— 0-637             ( 

[142)=     0-030               ( 

170- 

1  0  '670            1 

[»x\)  - 

0*148 

(ii4)=-f  0-013              < 

[143)=     0*396               ( 

172)    : 

o'5U            1 

[201) 

( i»'fti7 

(ii5)=-ro-42i             ( 

[  144)  =1  0-392               ( 

173)    • 

0*108            1 

[aoa)   - 

(»*J5l 

(116)  =—0-258             1 

;  145)=-}  0 -137         ( 

174) 

0*041            \ 

[a<>3)   • 

o'39l 

(ii7)=r-|-o-o8o              1 

[146)=  1 0-053          ( 

175)   •■ 

0  ■238            ( 

[J04) 

|o'i73 

(118) =—0-526            1 

;i47)=  0-272         ( 

176)- 

}  0  904            1 

[ao5) 

of,.^7 

(n9)=-i-o-283              1 

;i48)=t  0-087         ( 

177)- 

0  '502            ( 

[io6) 

1  1  '428 

(120)  =  — 0-054             1 

;  149)  =10-424         ( 

178)- 

0  '249            1 

[307)    • 

o'i95 

(121) =+0-450             1 

[150)= -0-718         ( 

179)-- 

(  0  '085            ( 

208)   • 

(»I94 

(122)=— 0-353              1 

;i5i)=-i  0-025         ( 

180)  ^ 

0  '600            1 

[209)- 

0  '402 

( 123)  =  -f  0-286             ( 

;  152)=- -0-134          ( 

181)      : 

1  0  596            ( 

[210) 

0  '2i6 

{124)  =  4-0 -227              1 

;  153)=  1-0-403          ( 

182)    -• 

o-ioi             1 

[iti)   • 

1  1  ''58 

(125)  =  -0-556             1 

;i54)=   0-270          ( 

183) 

0  ^^80          ( 

[Hi) 

1   'CItK) 

(126) =4-0 -008              1 

;  155)=  ■0-340          ( 

184)- 

fo'i85            1 

[2«3) 

t  0148 

(127)=— 0-262              1 

;  156)  =-0-174           ( 

185)- 

{  0  236            1 

[214) 

f » 'tli^fi 

(i28)=-f  0-433              i 

;i57)=t  0-311        ( 

186).-^ 

0  '515            1 

'215) 

1  0*005 

{129)  =  -1-0-442              ( 

;i58)=t  0-474        ( 

187).= 

}  0*215            < 

216) 

0  '(/)6 

(130)  =  — 0'62I               ( 

;i59)=  -0-288           ( 

188)  -. 

•  0  -236           1 

[217;  ■ 

\  0  '236 

(i3i)=-o-o55              ( 

;i6o)=  0-492         ( 

189). 

o'tjl            1 

[218; 

1  0  430 

(i32)=-o-i42              ( 

161  )=  -0-049             ( 

I9fj)-^ 

»  0  '397            ( 

219; 

0  "i3j 

(i33)  =  -rO-334              ( 

162)=    0-838            ( 

191  j  - 

0817            i 

'iVt)" 

•  o'lHH 

( 134) =-f  0-064              < 

163)-    0-416           ( 

192;.: 

♦  Of  39            ( 

221;  ■ 

*  (rt44 

(135) =-0065            i 

164;=  •  0-308            ( 

'93;-^ 

o'M5            i 

[222; 

0  'jijH 

{136)=— 0-136              ( 

165)= « 0128            i 

'94;  -- 

!0'.^                 ( 

223; 

'  0  '827 

(i37)  =  -o*36S              ( 

166  j—  -0-628            i 

'95;  ' 

♦0173           ( 

f224; 

•  o'yi9 

/ 138)  =-^-580              ( 

167)= -0-098            { 

196;  = 

0  '337           < 

f225;- 

0  'tM(f 

^139;  =  -0*317              < 

168;=  -0-854          ( 

197;--^ 

0*170 

• 

(140;=— 0-184              ( 

169;=    0-092             i 

J98y.^ 

•  0  '016 

(i4i;  =  -o-4i5               ( 

170;= -0-085            ^ 

'99;^ 

0-317 

No. 


Station*. 


.( 


LxDcrAn 


I   Heath 


f  Go'-^ea  Belt 
2  '  Tsr/Ei^jsoa 


(d)  AdjusUd  triangles^  Kansas  and  Cohrado, 


0\jiM:rved  angles, 

75    as    23  y^ 
^    20    09  -09 

46     04      Ti'2^ 


47  y^  59'22 
3%  ^  r/2  -43 
93    26    y^  0 


Correo    ^^T    S|.hijf- 


// 
-  o  -19 


<#' 


/y 


//  // 

24  '7      '''54 

2H  -'^      o  '53 


^'45 
'/;  '>7 


0"J2 
0'72 


O  71 


l»K«^ 


4>/y  i^>'  '/ 
4  44^  '/71   % 

4  'i'j>r>  i/zi  ^ 
4'^/  7'>i  ^ 


V  'A  7' 
37  7;7  /' 
2/,  4-//  'vy 

*.^  'A  7' 

4^  V;;  <5> 


I  '2' 


2  '-'^ 
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(flf)  Adjusted  triangles^  Kansas  and  Colorado — Continued. 


No.  Stations. 


Golden  Belt 

Lincoln 

Heath 

Lincoln 
Thompson 
Golden  Belt 

Wilson 

Lincoln 

Heath 


Wilson 

6  \  Golden  Belt 
Heath 

Golden  Belt 

7  \  Lincoln 
Wilson 

Meades  Ranch 

8  \  Lincoln . 
Wilson 

Meades  Ranch 

9  {  Lincoln 
Heath 

r  Wilson 

10  K  Meades  Ranch 
Heath 

Golden  Belt 

11  <    Meades  Ranch 

Lincoln 


Observed  angles. 


o 
68 

64 

47 


/         // 

30  27  'OI 

07  02  '24 

22  31  '33 


0-58 
139  42   25-54 

19  26    06  '66 

20  51     27  79 


59*99 
40    05     14-95 

62     10    33  -20 

77    44     12-74 


089 

42     II     48  -28 

107    26    31  -lo 

30    21     41  '41 


079 
175    56    58*" 

1  56    29  -04 

2  06    33-33 


0-48 
62     23    31  -27 

57    53     15*30 
59    43     17*58 


•4*15 

23    36    44*70 

120    03    48-50 

36     19    28  '42 


I  -62 

99    48    32-53 
38    46    46-57 

41     24    44-32 


3*42 
91  44  41*12 
32  18  35-07 
55  56  4626 

2-45 


Correc- 
tion. 

ff 
+032 
-0-77 

+1  *26 


+0-24 

+0-95 
+0-54 

+i'i5 
+0-09 

—0-72 

-fo-41 
—I  -72 
+0-91 

-t-0-I2 
—0*91 
+0  -35 

+  1*36 
+004 
—0-52 

+0-59 
— 1*25 

-fi-o7 

-0-44 

-0-93 
-f-o-8i 


Spher-  Spher- 
ical ical 
angles,  excess. 

//  // 

27  '33  o  -47 

01-47  o  -46 

32  '59  o  -46 


-fo  -lo  25  -64 
-o  -33  06  "33 
4-1-09      28-88 


15*19 
34*15 
13-28 

49*43 

31*19 
40-69 

58-52 
27-32 
34*24 

31*39 
14*39 
17-93 

46*06 

48-54 
27-90 

33*12 
45*32 
45*39 

40-68 

34*14 
47-07 


1*39 
0-29 

0-28 

0-28 

0-85 
0-87 
0-87 
0-88 

2  '62 
0-44 

0-43 
0-44 

1*31 
0*02 

0-03 

0-03 

0-08 
I  -23 
I  -24 
I  -24 


3*71 
0-83 

0-84 

0-83 

2-50 
I  -27 

1-28 

I  -28 

3*83 
0-63 

063 

0-63 

1-89 


Log  5. 


4  -443  071  3 
4  -428  462  5 
4  -341  136  o 

4  -629  734  6 
4-341  136  I 
4  -370  548  I 

4  -443  071  4 
4  -580  857  6 
4  '624  191  9 

4-428  462  6 
4  -580  857  7 
4  -304  977  I 


4777  668  2 
4  -580  857  8 
4  -604  575  4 

4-612  995  4 
4  -341  136  o 

4-531  495  7 


Distances 
in  metres. 


27  737  *76 

26  820-23 

21  934  92 

42  631  -89 

21  934*93 
23  471  -89 

27  737  76 
38  094  09 

42  091  -26 

26  820*24 

28  094  *io 
20  182*60 


4  '624  191  9  42  091  -26 

4  *304  977  3  20  182  *6i 

4  '341  136  o  21  934  -92 

4  '624  191  9  42  091  '26 

4  *6o4  575  3  4o  232  34 

4-612  995  3  41  019*96 

4  *443  071  4  27  737  *76 

4  -777  668  2  59  933  -30 

4*612  995  4  41  019-97 


59  933  *3o 
38  094-11 

40  232  '35 

41  019*97 
21  934*92 
34  001  -31 
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{d)  Adjusted  triangles,  Kansas  and  Colorado — Continued. 


No. 


12 


13 


15 


18  ^ 


Stations. 

Golden  Belt 
Meades  Ranch 
Heath 

Wilson 

Meades  Ranch 
Golden  Belt 


Bunker  Hill 
14  {   Meades  Ranch 
Wilson 


r  Waldo 
Meades  Ranch 
Wilson 


Waldo 

16  \   Meades  Ranch 
Bunker  Hill 

Bunker  Hill 

17  ^   Waldo 
Wilson 


Blue  Hill 
Waldo 
Bunker  Hill 


Blue  Hill 

19  \  Meades  Ranch 
Bunker  Hill 

Waldo 

20  {  Meades  Ranch 
Blue  Hill 


Observed  angles. 

o  /  // 

160     15    08 '13 

8  41  50-37 
II  03  02*91 


1-41 
57  36  44-25 
30  04  56  -20 
92     18     20  77 


I  '22 

72   27   18  -85 

26  40  18  -66 
80  52  25  -31 


2-82 

62  59  56  -22 
82  10  52  -87 
34  49  1293 


2  '02 

86  20  54  '44 

55     30    34*21 
38    08    33-50 


2-15 

no    35     5235 
23     20    58  -22 

46    03     12-38 


2  95 
60    58     19  81 

67    20    20  58 

51     41     22  27 


2-66 
49  01  10  88 
41     08    57  -21 

89    49    55  77 

3*86 

153    41     1502 

14    21     37  00 

II     57    08-93 

0-95 


Correc- 
tion. 

// 

— 0'12 

—2-30 
+  179 

—0-56 
+  105 
-ho -03 

-075 
-to  -32 

—0-48 
+073 

— -o-i6 

-t-0-02 

-ho -06 

-0-48 

-ho -52 

—0-23 

—0-67 
—0-50 

+0-58 

-ho -19 

-094 
+042 

—  0-02 
—0-42 

-fo-25 

—0-46 
4-0-I6 


Spher-  Spher- 
ical        ical 
angles,  excess. 


08-01 
48-07 
04-70 

43*69 
57*25 
20*80 

18 -lo 
18*98 
24*83 

56*95 
5271 
12*95 

54*50 

33*73 
34 -02 

52*12 

57*55 
II  -88 


20  39 
2077 

21*33 

II  -30 

57*19 
55*35 

15*27 

36*54 
09*09 


// 
0*26 

0*26 

0*26 

0*78 
058 
0-58 
0*58 

1*74 
0*64 

0-64 

0-63 

I  '91 
0-87 
0-87 
0*87 


2-61 

o*75 
075 
o*75 

2  25 

0-51 
052 
0*52 

1*55 
0*83 

0-83 

0-83 

2*49 
I  -28 

1*28 

I  -28 

3*84 
0-30 

0-30 

0-30 

o  90 


Log  J. 

4*777  668  2 
4*428  462  7 
4  '531  496  o 


4  *6o4  575  4 
4  *277  392  9 
4  '619  730  8 


Distances 
in  metres. 


59  933  '30 
26  820*24 

34  00  r  *34 


4  *53i  495  9  34  001  -33 
4  *304  977  3  20  182  -61 
4  *6o4  575  5   4o  232  -36 


40  232  -35 
18  -940  -56 
4T  661  '11 


4  -604  575  4  40  232  *35 

4  *65o  642  I  44  734  *45 

4*411  335  2  25  783*11 

4*619  730  8  41  661  -11 

4  *536  654  9  34  407  *64 

4*411  335  2  25  783*11 

4  *650  642  I  44  734  *45 

4  *277  392  9  18  940  -56 

4  *536  654  9  34  407  *64 

4  '536  654  9  34  407  "64 

4  *56o  060  3  36  312  *85 

4  '489  633  I  30  876  -86 

4*619  730  8  41  661  *ii 

4*560  060  4  36  312*86 

4*741  821  o  55  185*00 

4*741  821  o  55  185-00 

4  *489  633  2  30  876  -87 

4*411  335  2  25  783*11 
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UNITED   STATES   COAST   AND   GEODETIC  SURVEY. 
(d)  Adjusted  triangles,  Kansas  and  Colorado — Continued. 


No.  Stations. 

Allen 
21  \  Waldo 

Bunker  Hill 


Observed  angles. 

o  /         // 

65  34  08-54 

23  48  21-49 

90  37  32  -76 


cc-o-  "?^'-  ^?^r 

angles,   excess. 


2-79 

1-33 

Allen 

54 

04 

59-09 

+1  -11 

60 -20 

0-68 

22 

Blue  Hill 

82 

23 

02-24 

-I -19 

01-05 

0-68 

Waldo 

43 

31 

59  09 

+1*70 

60 -79 

0-68 

0*42 

2-04 

'  Allen 

119 

39 

07-63 

-f-o-ii 

07-74 

0-30 

23 

Blue  Hill 

21 

24 

42*43 

1-77 

40*66 

0-29 

Bunker  Hill 

38 

56 

10-49 

-1-1*99 

12-48 

0-29 

0-55 

0-88 

Fainnount 

63 

27 

35-92 

+1*03 

36*95 

0-90 

24 

Blue  Hill 

56 

38 

05-94 

—0-40 

05-54 

0-90 

Bunker  Hill 

V 

59 

54 

20-96 

075 

20-21 

0-90 

2-82 

2-70 

Fairmount 

47 

56 

24-12 

—0-91 

23-21 

0-45 

25 

Blue  HiU 

35 

13 

23*51 

+  1-37 

24-88 

0-45 

Allen 

96 

50 

12-45 

-fo-81 

13-26 

045 

o-o8 

1-35 

Allen 

143 

30 

39*92 

—0-92 

39-00 

0-15 

26 

Bunker  Uill 

20 

58 

10-47 

-274 

07-73 

0-16 

Fairmount 

15 

31 

II  -80 

+1*94 

13*74 

0-16 

2-19 

0-47 

Hays 

75 

48 

30-94 

-fi-48 

32-42 

048 

27  ■ 

Blue  Hill 

76 

42 

44-95 

+0  -05 

45-00 

0-49 

[  Fairmount 

27 

28 

43-65 

+0-38 

44  03 

0-48 

59-54 

1*45 

Hays 

42 

33 

46-60 

40-72 

47*32 

034 

28  < 

Blue  Hill 

III 

56 

08  46 

-fi-42 

09-88 

035 

Allen 

25 

30 

04*14 

—0-31 

03*83 

0-34 

59-20 

1-03 

Fairmount 

75 

25 

07-77 

-0-53 

07*24 

0-59 

29 

Hays 

33 

14 

44-34 

+0-76 

45*10 

0-59 

.  Allen 

71 

20 

08-31 

-f  I  -12 

09-43 

059 

0*42 


-0-99 

-1-51 
+1-04 


//  // 

07  -55  o  -44 

19  -98  o  -44 

33  -80  o  -45 


I  77 


Log  s, 

4  -536  655  o 
4-183  381  o 

4  -577  369  5 


Distances 
in  metres. 


34  407  '65 
15  253  90 
37  789*36 


4  '489  633  2  30  876  -87 

4  -577  369  3  37  789  -34 

4-419  296  5  26  260 'I  I 

4  -560  060  4  36  312  -86 

4  -183  380  9  15  253  -90 

4-419  296  6  26  260*11 

4  -560  060  4  36  312  *86 

4  *53o  200  6  33  900  *o7 

4*545  536  I  35  118-51 

4*419  296  5  26  260-11 

4  -309  635  6  20  400  -25 

4-545  536  I  35  118-51 

4  -530  200  6  33  900  -07 

4  -309  635  5  20  400  -25 

4  -183  380  5  15  253  -89 

4*545  536  I  35  "8*51 

4  *547  210  6  35  254  -18 

4  -223  092  I  16  714  -45 

4*419  296  5  26  260*11 

4  -556  453  8  36  012  -55 

4  -223  092  o  16  714  "45 

4  556  453  9  36  012  -55 

4  -309  635  6  20  400  -25 

4*547  210  7  35  254-18 
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(^)  Adjusted  triangles,  Kansas  and  Colorado — Continued. 


No. 

Stations. 

Observec 

i  angles. 

Correc- 
tion. 

ical 
angles. 

ical 
excess. 

Log  5. 

Distances 
in  metres. 

0 

/ 

// 

if 

// 

// 

La  Crosse 

68 

50 

05  03 

—0-77 

04-26 

0-70 

4  -547  210  7 

35  254  *i8 

30 

Hays 

40 

54 

41-48 

—1-60 

39-88 

0-70 

4-393  707  7 

24  757  55 

Fairmount 

70 

15 

17-80 
4*31 

+0-15 

17-95 

0*69 
2  -09 

4  -551  227  0 

35  581  72 

La  Crosse 

49 

43 

40-29 

-173 

38-56 

073 

4  -545  536  2 

35  118-52 

31 

Blue  Hill 

32 

32 

20-51 

+  I-I4 

21  -65 

073 

4  '393  707  8 

24  757  -56 

Fairmount 

97 

44 

01 -45 
2-25 

+0-53 

01  -98 

• 

0-73 
2-19 

4  -659  057  6 

45  609-74 

Ha3rs 

116 

43 

12  -42 

— O'll 

12-31 

045 

4  -659  057  6 

45  609-74 

32 

Blue  Hill 

44 

10 

24-44 

— I  -09 

23-35 

045 

4-551  227  0 

35  581  72 

La  Crosse 

19 

06 

2474 
I -60 

+095 

25-69 

045 
1-35 

4  -223  092  2 

16  714  -45 

r  Smoky  Hill 

72 

10 

40-40 

-fo-i8 

40  58 

0*72 

4-551  227  0 

35  581  72 

33 

Hays 

49 

23 

5905 

-fo-40 

59-45 

073 

4  -452  979  9 

28  377  -88 

La  Crosse 

58 

25 

21  -14 
059 

4-1  -OI 

22-15 

0-73 
2 -18 

4  -502  991  0 

31  841  -32 

Smoky  UUl 

47 

44 

26  78 

+  1-19 

27 -97 

095 

4-547  210  7 

35  254-18 

34 

Hays 

90 

18 

40-53 

—  I  -19 

39 '43 

0-95 

4  -677  907  7 

47  632  -98 

[  Fairmount 

41 

56 

56-84 
4  15 

—  1-30 

• 

55-54 

095 
2  85 

4*502  991  0 

31  841  -32 

Smoky  Hill 

24 

26 

13*62 

—I  -oo 

12*62 

047 

4  *393  707  7 

24  757  -55 

35 

Fairmount 

28 

18 

20-96 

+1*44 

22  -40 

047 

4  *452  979  8 

28  377  -87 

.  La  Crosse 

127 

15 

26-17 

-fo-23 

26-40 

0-48 
1-42 

4  *677  907  5 

47  632  -96 

075 

Trego 

71 

05 

55  74 

-fO-02 

55  76 

052 

4*502  991  0 

31  841  -32 

36 

Hays 

37 

51 

04-08 

+072 

04-80 

053 

4  -314  958  5 

20  651  83 

Smoky  Hill 

71 

03 

01-50 
I  -32 

--0-48 

01  -02 

0-53 
1-48 

4  -502  864  9 

31  832-07 

r  Skaggs 

46 

13 

44-62 

—0-48 

44-14 

034 

4  -314  958  6 

20  651  -83 

37 

Trego 

42 

53 

33  58 

4-0-28 

33-86 

0-34 

4-289  265  I 

19  465  -48 

Smokv  Hill 

90 

52 

42-85 
I  05 

+0-17 

43*02 

0-34 
I  -02 

4  *456  305  0 

28  595  98 

r  Skaggs 

32 

29 

16-58 

+0-40 

16-98 

0-38 

4-452  9800 

28  377  -88 

38. 

Smoky  Hill 

125 

53 

35*25 

4-0 -14 

35*39 

038 

4-631  452  4 

42  800-85 

^  La  Crosse 

21 

37 

09*56 

-0-79 

08-77 

0-38 

4-289  265  3 

19  465  *49 

1-39 


I -14 
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(flf )  Adjusted  triangles^  Kansas  and  Colorado — Continued. 


No. 


39 


40 


Stations. 


Big  Creek 

Trego 

Skaggs 

Schmidt 
Trego 
.  Skaggs 


Schmidt 
41  ^   Big  Creek 
Skaggs 


42 


43 


45 


46 


Big  Creek 

Trego 

Schmidt 

Indian  Creek 
Big  Creek 
Schmidt 


Canyon 
44  {   Big  Creek 
Schmidt 


J 


Canyon 
Indian  Creek 
Schmidt 

Indian  Creek 
Big  Creek 
Canyon 

Beaver 
Indian  Creek 
[  Canyon 


Observed  angles. 


// 


58  23  56-89 
77  09  51-60 
44    26     13-31 


I  -80 
41    07     n  -57 

37    33    3255 
loi     19     15  "59 


5971 
72    32    40  -92 

50    34     17-74 

56    53    02  -28 


094 

108    58     14  -63 

39    36     19*05 
31     25     29-35 


35     II 

55     44 
89    03 


3  03 
52*21 

14-35 
56-94 


3  50 

25     39     29  16 

30    23    31  '47 

123     57    01  -53 

2  -16 
90  32  38  -69 
54  34  20-47 
34    53    04-59 


3  75 
89    46     12-68 

25     20    42  -88 
64    53    0953 


5  09 
36    36    58-15 

72    53     34  93 
70     29     29  'OI 

2  -09 


angles,    excess. 


// 


-fi-35 
+0-09 

-ho -74 


0-29 
0-17 
•95 


-0-68 
-0-57 
— o  -02 


0-96 
0-71 
-0  -07 

0-78 
-I  -05 
0-28 


-0-37 
-io-38 

+0-03 


// 


12  -92 
32-64 
16-33 


-to -39  41-31 
-ho -23  17-97 
"ho  -29      02  -57 


14 '34 
18-88 

28-40 


28  -48 
32-04 
01  -51 

37  73 
19-76 

0452 

11-90 

41-83 
09-25 

5778 

35  "31 
29-04 


// 


-o  -52  56  -37  o  -55 
—0-08  51-52  0-56 
-ro  -46      13  77      o  -55 


1-66 
0-63 
063 
0-63 

1-89 
0-61 
0-62 
0-62 

1-85 

0-54 
0-54 
054 


I  -62 

—0*07 

52-14 

I  -00 

-  0-48 

13-87 

I  -00 

+0-05 

56-99 

I  -GO 

3-00 

0-68 
0-68 
067 

2-03 
0-67 
067 
0*67 

2  -01 

1  -00 
0-99 
0-99 

2  98 
0-71 
0-71 
0*71 

2-13 


Log  J. 


Distances 
in  metres. 


4  -456  305  o  28  595  -98 
4-515  019  4  32  735-53 
4-371  185  4   23  506-36 


4  -456  305  o 
4  -423  345  6 
4  -629  783  8 


4-458  511  8 
4  -526  106  5 
4  -740  858  2 

4-615  012  4 
4  -526  106  5 
4-372  369  I 

4  -740  858  3 
4-372  369  2 
4-697  732  2 

4  -372  369  I 

4  -577  144  7 
4-571  120  2 


28  595  -98 
26  506*09 
42  636  72 


4-515  019  4  32  735*53 

4  -423  345  4  26  506  07 

4-458  511  8  28  741  -66 

4  -629  783  8  42  636  -72 

4-458  511  9  28  741  -66 

4-371  185  4  23  506-36 

4-458  511  8  28  741  -66 

4-615  012  3  41  210-92 

4  -697  732  I  49  857  -68 


28  741  -66 

33  581  -99 
55  062  -79 

41  210-93 

33  581  -99 
23  570  -52 

55  062  -So 
23  570-52 
49  857  *69 

23  570-52 
37  769-80 
37  249-48 
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(flf )  Adjusted  triangles,  Kansas  and  Colorado — Continued. 


No. 


48 


49 


51 


52 


53 


55 


Stations. 


Monument 
Indian  Creek 
Canyon 

Monument 
Indian  Creek 
Beaver 


Beaver 
50  {   Monument 
Canyon 


Gopher 

Monument 

Beaver 

Sheridan 

Monument 

Beaver 

Sheridan 

Gopher 

Beaver 


Gopher 
54  {   Monument 
Sheridan 


Teeters  Hill 

Gopher 

Sheridan 


Wallace  Bluffs 
56  {  Gopher 
Sheridan 


Correc      Spher-    Spher- 
Observed  angles.  ^^^^   '        ical        ical 

angles,  excess. 


tion. 


// 


// 


// 


28    57    0475 
103    56    06-94 

47  06  49*97 


1-66 

78  54  59  "15 
31  02  32  "OI 

70  02  31  '03 


2*19 
106  39  29  18 

49  57  5440 
23  22  39  04 

2  62 

25     54     21  -61 

118     55     14-21 

35     10     25  94 


176 
25     36     25  25 

89  31     0305 

64    52     35  94 

4-24 

59     59    0577 

90  18     47-78 

29    42     10  -oo 

3  "55 

116     13    0939 

29     24     II  '16 

34     22     40  -52 

I  07 

47  45  1 1  '45 
58  58  44-98 
73  16  0442 

0-85 

19    55    44-35 

17     31     13-94 

142     33    02  74 


I  03 


-0-25 
0-14 
o*o6 


-o'43 
—0*09 

—0-48 

-0-68 

-0*14 

— o-i8 


-0-84 

034 
0-81 


—0-34 
-ho -65 
— o*o6 


— 027 
ro  -20 
-r  o  64 

-0  07 
—0*61 
-ro-34 


58-90 
31-87 
30-97 

2875 
54*49 
38  56 

20  93 
14-07 
26-12 


-0  -78  24  '47 
o  -79  02  -26 
063      35-31 


04-93 
48-12 

09*19 

09*05 
II  -81 
40-46 

II  -18 
45-18 
05-06 

44-28 

13  -33 
03*08 


// 


— o  35  04  -40  o  -69 
-}~o*24  07*18  0*69 
-f  o  *52      50  *49      o  *69 


2  -07 
0-58 
0-58 
0*58 

1-74 
o*6o 

o*6o 

0-60 

I  -80 

0-37 
0-38 

037 

1  '12 
0-68 
0-68 

0-68 

2  04 

0-75 
074 
075 

2  -24 
0-44 
0-44 
044 

I  -32 
0-47 
047 
0-48 

I  -42 
0-23 
023 
023 

0*69 


Log  J. 


4  -372  369  I 
4  -674  494  6 

4  -552  398  7 


Distances 
in  metres. 


23  570  "52 
47  260-10 
35  677  -85 


4*571  120  2  37  249*48 

4  291  666  6  19  573  -42 

4  -552  398  5  35  677  -83 

4-674  494  6  47  260*10 

4-577  144  7  37  769-80 

4  '291  666  6  19  573  -42 

4  -291  666  6  19  573  *42 

4  -553  446  o  39  214  *44 

4-411  760  o  25  808 -33 

,  4  -291  666  6  19  573  *42 

4  -655  976  6  45  287  *32 

4  '612  829  3  41  004  *29 

I 

4  *593  446  r  39  214  -45 

4  -655  976  8  45  287  *34 

I  4-351  021  8  22  439 '94 

4-612  829  4  41  004*30 

4-351  021  8  22  439*94 

4*411  760  I  25  808 '34 

4*351  021  8  22  439 '94 

4-414  611  9  25  978*37 

4  -462  853  6  29  030  *44 

4*351  021  8  22  439*94 

4  -297  083  3  19  819  *o7 

4  *6o2  398  6  40  031  *20 
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{d)  Adjusted  triaiigles,  Kansas  and  Colorado — Continued. 


No. 

Stations. 

Observed 

angles. 

Correc- 
tion. 

ical 
angles. 

ical 
excess. 

Log  J. 

Distances 
in  metres. 

0 

/ 

// 

ff 

// 

// 

'  Wallace  Bluffs 

66 

22 

26  "ii 

— 0'20 

25-91 

0-41      , 

4-414  611 

9 

25  978  "37 

57 

Teeters  Hill 

44 

20 

36  59 

+0-70 

37  29 

0-41 

4  -297  083 

4 

19  819-08 

Sheridan 

69 

16 

58-32 

—0-30 

58-02 

0-40      I 
I  -22 

4  -423  599 

6 

26  521  -59 

I  '02 

Teeters  Hill 

92 

05 

48-04 

-TO -43 

48-47 

065 

4  -602  398 

6 

40  031  -20 

58  < 

Gopher 

41 

27 

31*04 

-fo-81 

31-85 

0-65 

4  -423  599 

6 

26  521  59 

Wallace  Bluffs 

46 

26 

4176 
0-84 

—0-13 

46-63 

0-65 

1*95   ; 

4  -462  853 

6 

29  030  -44 

Turtle 

64 

58 

29-58 

—0-69 

28-89 

0-46 

4  -423  599 

6 

26  521  -59 

59 

Teeters  Hill 

56 

32 

5279 

—  1-05 

51-74 

0-47     ' 

1 

4  -387  758 

9 

24  420  -75 

Wallace  Bluffs 

58 

28 

41  -04 

—0*27 

40-77 

0-47     , 

I  -40 

4  -397  076 

7 

24  950  -35 

3-41 

Turtle 

40 

30 

34-56 

+0*21 

34-77 

054 

4-414  611 

9 

25  978  -37 

60 

Teeters  Hill 

100 

53 

29-38 

-0-36 

29-02 

0-55 

4  -594  089 

I 

39  272  -55 

Sheridan 

38 

35 

58 -62 
2-56 

— o-8o 

57*82 

0-54 
I -61 

4  '397  076 

7 

24  950-35 

'  Turtle 

24 

27 

55-02 

—0-89 

54-13 

0-34    1 

4 -297  083 

5 

19  819-08 

61 

Sheridan 

30 

40 

59-70 

fo'So 

60 -20 

0-34 

4-387  759 

I 

24  420-76 

Wallace  Bluffs 

124 

51 

07-15 
1-87 

-0-47 

06 -68 

0-33        ! 
I  *OI 

4  -594  089 

3 

39  272  '57 

Curlew 

80 

38 

40  29 

-ho  03 

40  32 

0-29 

4-387  759 

0 

24  420  -75 

62  . 

Turtle 

44 

34 

33-15 

^0-13 

33-28 

0-29      ' 

4  -239  820 

4 

17  370-82 

Wallace  Bluffs 

54 

46 

46-88 

-fo-39 

47-27 

0*29 

087 

4-305  765 

I 

20  219*25 

032 

Curlew 

39 

27 

16-31 

—0-32 

15-99 

0-40 

4  -397  076 

8 

24  950  -36 

63- 

Turtle 

109 

33 

02-73 

055 

02-18 

0-41 

1 

4  -568  197  5 

36  999  64 

Teeters  Hill 

V 

30 

59 

44-10 

-1-06 

43*04 

0-40 

I  -21         , 

4-305  765 

I 

20  219-25 

3-14 

Curlew 

41 

II 

23  98 

40-36 

24  34 

0-36 

4  -423  599 

7 

26  521  -60 

64 

Teeters  Hill 

25 

33 

08  69 

-fO'OI 

08  70 

0-36 

1 

4  -239  820 

4 

17  370-82 

Wallace  Bluffs 

"3 

15 

27  -92 

-f-Q-II 

28-03 

035 

4  -568  197  4 

36  999  63 

059 

1-07 

McLane 

49 

53 

II  -63 

—0-40 

II  -23 

0-31     , 

4-305  765 

I 

20  219-25 

65 

Turtle 

87 

26 

09 '74 

-ro-i5 

09-89 

030 

4-421  800 

4 

26  411  95 

Curlew 

42 

40 

39-88 

-0-08 

39  80 

0-31 

4  -253  383 

5 

17  921  -88 

I  -25 


0*92 
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(fl?)  Adjusted  triangles,  Kansas  and  Colorado — Continued. 


No. 

Stations. 

Observed 

angles. 

Correc- 
tion. 

Spher- 
ical 
angles. 

Spher- 
ical 
excess. 

Log.y. 

Distances 
in  metres. 

0 

/ 

// 

// 

// 

// 

[  McT/ane 

27 

54 

09-28 

I -14 

08-14 

0-28 

4  -387 

759 

0 

24  420  -75 

66 

Turtle 

132 

00 

42-89 

-ho-29 

43  -18 

0-27 

4-588 

539 

I 

38  773  -86 

Wallace  Bluffs 

20 

05 

09-04 

-fo-47 

09  51 

028 
0-83 

4-253 

383 

4 

17  921  -87 

I  -21 

r  Mcl^ne 

21 

59 

02-35 

-0-74 

03  09 

0-32 

4  239 

820 

4 

17  370-82 

67 

Wallace  Bluffs 

34 

41 

37-84 

-o-o8 

37-76 

032 

4-421 

800 

2 

26  411-93 

Curlew 

123 

19 

20-17 
0-36 

—0-05 

20*12 

0-33 
097 

4-588 

539 

I 

38  773  -86 

Arapahoe 

51 

58 

5372 

-ro-i6 

53-88 

060 

4-421 

800 

3 

26  411  '94 

68 

Mcl^ane 

57 

53 

13*35 

—0-16 

13-19 

o'6o. 

4-453 

261 

2 

28  396-26 

Curlew 

70 

07 

54-18 

+0-54 

54-72 

0-59 
1-79 

4-498 

725 

7 

31  530-13 

I  25 

Arapahoe 

24 

45 

•    •   «   • 

•   ■  •   • 

41-30 

0-46 

4-253 

383 

6 

17  921  -88 

69 

McLane 

107 

46 

24-98 

—0-56 

24-42 

0-45 

4-610 

096 

8 

40  747*11 

TurUe 

47 

27 

55-27 

-fo-38 

55-65 

0-46 

4  -498  725 

9 

31  530-14 

1-37 

Arapahoe 

27 

13 

•   •   •  • 

•  •  •  • 

12-59 

0-45 

4-305 

765 

2 

20  219*26 

70 

Turtle 

39 

58 

14-47 

—0-23 

14-24 

0-45 

•  4-453 

261 

3 

28  396  -27 

Curlew 

112 

48 

34-06 

-ho -45 

34-51 

0-44 
1-34 

4-610 

096 

8 

40  747 -u 

Monotony 

66 

02 

45-24 

-fo-34 

45-58 

0-61 

4-498 

725 

8 

31  530-13 

71 

McLane 

68 

05 

44-09 

+0-54 

44-63 

0*62 

4-505 

298 

9 

32  010*98 

Arapahoe 

45 

51 

31-15 

4-0-48 

31-63 

o-6i 

I  -84 

4  -393  737  7 

24  759-26 

0-48 

Monotony 

27 

57 

07-25 

— 0-20 

07  05 

0-45 

4-421 

800 

4 

26  411-95 

72 

McT«ane 

125 

58 

57 -44 

-fo-38 

57-82 

0-44 

4*658 

931 

9 

45  596  -54 

Curlew 

26 

03 

56-73 

—0*26 

56 -47 

0-45 
1-34 

4  '393  737  9 

24  759  -27 

I  -42 

Monotony 

38 

05 

37  99 

-fo-54 

38-53 

076 

4-453 

261 

3 

28  396  *27 

73 

Curlew 

44 

03 

57 '45 

4  0-79 

58-24 

0-76 

4-505 

299 

0 

32  010  99 

Arapahoe 

97 

50 

24-87 

4-0  65 

25-52 

0-77 
2  29 

4-658 

931 

9 

45  596  -54 

0-31 

Cheyenne  Wells 

71 

09 

20 -61 

-TO -50 

21  -II 

042 

4-505 

298 

9 

32  010*98 

74 

Monotony 

81 

13 

03-41 

-0-47 

02  '94 

0-42 

4-524 

lOI 

8 

33  427  -34 

Arapahoe 

27 

37 

37-04 

-ho -17 

37*21 

042 

1-26 

4  -195  472  3 

15  684  -56 

I  06 

548 
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{d)  Adjusted  triangles,  Kansas  and  Colorado — Continued. 


No. 

Stations. 

Observed 

angles. 

.  Correc- 
tion. 

ical 
angles. 

ical 
excess. 

Log  5. 

Distances^ 
in  metres. 

0 

/ 

// 

// 

// 

// 

First  View 

49 

30 

34 'lo 

4-0  -07 

34-17 

093 

4  505  298  9 

32 

010-98 

75 

Monotony 

69 

48 

12-86 

-ho -79 

13*65 

0-94 

4  -596  634  5 

39  503  -40 

Arapahoe 

60 

41 

14-89 

—0-09 

14-98 

093 
2-80 

4  -564  690  3 

36 

702  05 

1*85 

First  View 

57 

47 

22  43 

-0  -47 

22  -90 

0-61 

4  -524  loi  8 

33  427  '34 

76 

Cheyenne  Wells 
Arapahoe 

89 

09 

01 -68 

-0-53 

01  15 

o-6i 

4  -596  634  5 

39  503  -40 

33 

03 

37-85 

—0-07 

3778 

o-6i 

4  '333  494  4 

^l 

552  '34 

1 96 

1-83 

Cheyenne  Wells 

160 

t8 

22  '29 

—0-03 

22  -26 

009 

4  -564  690  4 

36 

702  -06 

77 

Monotony 

II 

24 

50-55 

-1-26 

49  29 

O'lO 

4  -333  494  5 

21 

552  -34 

[  First  View 

8 

16 

48-33 
I  -17 

+0-41 

48-74 

010 
0-29 

4  -195  472  4 

15 

684-56 

f  Landsman 

95 

57 

59 '19 

—0-26 

58-93 

044 

4  -564  690  4 

36 

702*06 

78 

Monotony 

27 

55 

•  21-13 

0-53 

20 -60 

0-45 

4  -237  548  6 

17 

280*19 

First  View 

56 

06 

42 -59 
2  -91 

—0-78 

41  -81 

045 

1*34 

4  486  192  3 

30 

633  20 

Landsman 

15 

56 

56-56 

^i  -14 

5770 

0-I2 

4  -195  472  4 

15 

684-56 

79 

Monotony 

16 

30 

30-58 

-fo-73 

31 '31 

0-12 

4-210  039  5 

16 

219  -58 

Cheyenne  Wells 

147 

32 

30  -36 
57  50 

-ho-98 

31 '34 

Oil 
0-35 

4  -486  192  3 

30 

633*20 

Landsman 

80 

01 

02-63 

-1-41 

01  -22 

024 

4  -333  494  5 

21 

552  '34 

80 

Cheyenne  Wells 

52 

09 

07*35 

0-95 

06  40 

023 

4  -237  548  6 

17 

280-19 

First  View 

47 

49 

54  26 
4  24 

I -18 

53-08 

0-23 
070 

4  -210  039  4 

16 

219*57 

Kit  Carson 

28 

09 

43  09 

-f  0  26 

43*35 

0-42 

4  -237  548  6 

17 

280*19 

81 

Landsman 

52 

14 

40  75 

-fo-25 

41  00 

042 

4-461  613  I 

28 

947*63 

First  View 

99 

35 

36-14 
59  98 

4-0-76 

36-90 

0-41 
1*25 

4  -557  *522  3 

36 

loi  -26 

Eureka 

28 

42 

22-15 

-0-75 

21  -40 

033 

4  -237  548  6 

17 

280-19 

82 

landsman 

109 

15 

39-62 

^059 

40-21 

034 

4  -531  007  8 

33 

963*14 

First  View 

42 

01 

58-81 
0-58 

+0-58 

59*39 

0-33 

1  -00 

4  -381  813  3 

24 

088*70 

Eureka 

81 

40 

04-74 

— 0-02 

04-72 

o-6i 

4  '557  522  3 

36 

loi  -26 

83 

Landsman 

57 

00 

58-87 

+0-33 

59-20 

062 

4  -485  802  3 

30 

605*70 

Kit  Carson 

41 

18 

57-91 
1*52 

-fO-02 

57*93 

062 
1-85 

4-381  813  I 

24 

088*6^ 
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No. 


84 


85 


86 


87 


«S<S 


89 


90 


91 


92 


(d)  Adjusted  triangles,  Kansas  a7id  Colorado — Continued. 


Stations. 

Kit  Carson 
Eureka 
First  View 

Aroya 
Eureka 
Kit  Carson 

Overland 
Eureka 
Kit  Carson 

Overland 

Eureka 

Arova 

Aroya 
Overland 
Kit  Carson 

Hugo 

Overland 

Aroya 

Adobe 

Overland 

Arova 

Adobe 

Hugo 

Arova 

Hugo 

Overland 

Adobe 


Correc-    ^P^^''"    Spher- 
Observed  angles.  ^.^^  "      ical  ical 

angles,    excess. 


tion. 


// 


// 


// 


// 


69    28    41  00 

52  57  42-59 
57  33  37*33 


0*92 
56  46  54-05 
55  33  13  "Si 
67  39  53 '28 


I  -14 

39    53    01  '47 
104    51     5746 

35     15    04  73 


3-66 
77  55  51  *62 
49  18  43-65 
52     45     27  -52 


279 
109    32     21  -57 

38    02     50-15 
32     24    48/55 


O  "27 

38    40     10  -24 

95     51     44  77 
45     28    04  -76 


59  77 

27     07    36  67 

37    44    01  -15 

115    08     24-58 

2  -40 
62  08  25  -89 
48  II  20  -08 
69  40  19  -82 


5  79 
86    51     30-32 

58    07     43-62 

35     00     49  -22 

3-16 


i-o'28      41-28      071 

-ho  73      43  '32      o  70 
4-0 -iS      37-51       0-70 


-ro-5i 
-f-0-02 
^0-50 

-051 
-0-38 
— o  -70 

0-34 
— o  -41 

-0  -25 

:  0-26 
--0-17 
- -I  -19 

-0-76 
:0-49 
fo-96 


—  0-2I 

I         ^0*19 

-  -0  -26 


— 0-2I 
-0-87 
—  I  -21 


— 010 

-fO-30 

0-00 


54 '56 

13-83 
5378 

00  -96 
57-08 

04  03 

51  28 

43-24 
27  27 

21  -83 
50-32 
49-74 

11  -oo 
45  26 

05  -72 

36-46 

01  -34 
24  32 

25-68 
19-21 
18-61 


30-22 
43-92 

49 -22 


2  "II 
0-72 
072 

073 

2  -17 
0-69 
0-69 
0*69 

2  -07 
0-59 

o-6o 
060 

1-79 
0-63 
063 
0-63 

I  -89 
0-66 
<)-66 
0-66 

I  -98 


o  71 


o'Tl 


o  -70 


2  -12 
I -17 
I  -17 
I  -16 

3-50 
I  -12 

I  -12 
I    12 

3-36 


Log  s. 

4-531  007  8 
4*461  613  2 
4-485  802  4 

4  -485  802  4 

4  -479  563  3 
4  -529  420  9 


4-716  8c^  J 
4  -646  487  8 
4  476  195  8 


Distances 
in  metres. 


33  963  -14 
28  947  -64 

30  605  -71 

30  605  -71 
40  169-16 
33  839-26 


4-485  802  4  30  605  71 

4  664  005  6  46  132  -35 

4  -440  085  4  27  547  70 

4  -529  420  9  33  839  -26 

4-418  951  8  26  239-27 

4  -440  085  3  27  547  70 

4  664  005  6  46  132  -35 

4  479  563  3  30  169-16 

4-418  951  7  26  239 -27 

4-418  951  8  26  239  27 

4  620  914  3  41  774  79 

4  476  195  7  29  936-13 

4-418  951  8  26  239-27 

4-546  771  o  35  218-51 

4-716  806  6  52  096  27 

4  -620  914  3  41  774  '79 

4-546  770  8  35  21S-50 

4  -646  487  7  44  308  -57 


52  096*27 
44  308  -58 
29  936  -14 


550 
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{d)  Adjusted  triangles ^  Kansas  and  Colorado — Completed. 


No 

Stations. 

Observed  angles. 

Correc- 
tion. 

Spher- 
ical 
angles. 

Spher- 
ical 
excess. 

Log  5. 

Distances 
in  metres. 

0 

/ 

// 

// 

ff 

// 

Square  Bluffs 

81 

20 

08-97 

—  2  -16 

06 -8r 

0-94 

4  646  487  8 

44  308  -58 

93 

Hugo 

43 

14 

05-08 

—0-14 

04-94 

095 

4  -487  154  4 

30  701  -13 

Adobe 

55 

25 

5271 

—  I  -62 

51*09 

095 

2-84 

4  '567  105  0 

36  906-68 

6-76 

■  Holt 

65 

09 

15  46 

-f-o-90 

16-36 

0-74 

4  '567  105  0 

36  906-68 

94 

Hugo 

36 

25 

45-18 

-fo-56 

45*74 

074 

4  -382  946  7 

24  151  -64 

Square  Bluffs 

78 

24 

5873 

-ri'39 

6o-i2 

0-74 
2  -22 

4  -600  349  I 

39  842 -73 

59*37 

Holcolm  Hills 

29 

14 

12  -26 

^i  '63 

13*89 

o'57 

4  -382  946  7 

24  151  -64 

95 

Holt 

113 

09 

57*99 

-fo*i9 

58-18 

0-56 

4  -657  639  7 

45  461  -08 

Square  Bluffs 

37 

35 

49-86 
0  '11 

—0-23 

49*63 

o*57 
1-70 

4  479  553  i 

30  168*46 

Cramers  Gulch 

56 

38 

46  63 

—0-04 

46-59 

073 

4  -487  154  4 

30  701  -13 

96 

Square  Bluffs 

68 

21 

10-85 

ri-i5 

12  00 

0*72 

4  *533  554  8 

34  162-90 

Adobe 

55 

00 

01  -53 

t  2  -06 

03*59 

073 

2-18 

4  -478  685  7 

30  108-26 

59-01 

Big  Springs 

49 

05 

18-62 

0*39 

18-23 

o-Si- 

4  -478  685  7 

30  108-26 

97 

Square  Bluffs 

55 

56 

1 7  -88 

-0-23 

17*65 

o-8r 

4*518  582  7 

33  005  -23 

Cramers  Gulch 

74 

58 

26  04 
2 '54 

-  0-52 

26  56 

0-82 
2-44 

4-585  216  4 

• 

38  478  -35 

Holcolm  Hills 

57 

22 

15*17 

-083 

U  *34 

0-92 

4-585  216  4 

38  478  -35 

98 

Square  Bluffs 

38 

21 

33*71 

'O  '09 

33 -80 

092 

4  -452  618  5 

28  354  -27 

Big  Springs 

84 

16 

14*31 

-0-31 

14  62 

0  -92 

4  657  639  6 

45  461  -07 

3*^9 
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{c)    The  precision  of  the  adjusted  triang illation. 

To  get  a  close  estimate  of  the  precision  of  this  triangiilation,  we  determine  first  the 

mean  error  of  an  angle  resulting  from  the  adjustment.     We  have  m  —  ^j-  ^^~'^-  ^.     In 

this  case/  =  i,  r  =  99,  and  [vv]  —  53*93.     Hence  m  =  ±z  i"*04. 

The  probable  error  in  length  of  any  line  of  the  .series  due  to  the  angular  measures 
is  found  by  the  usual  formulae — 


«-„  =  ,  ( ''>•',. )  "  2>y  [^"',   '  <5,^/;  -  6'^]    and  ea^^  =  0-674  5  ni  \/ua,^ 

We  will  divide  the  series  into  four  parts  by  the  lines  Hays- La  Crosse,  Monument- 
Beaver,  and  Irandsman- First  View,  and  compute  the  probable  error  in  lengtli  of  each  of 

these  lines. 
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For  the  first,  starting  from  the  side  Thompson-Heath  of  the  Salina  Base  figure,  we 
have  da^  =  12*2,  2  =  26*9  (9  triangles),  ea^  =  ±0*244  metre,  e^  =  dbo'iSi  metre, 

and  e^  =  :iz  0*304  metre. 

Starting  from  the  side  Holcolm  Hills-Big  Springs  of  the  El  Paso  Base  figure,  2  = 
2i9'5  (30  triangles),  ea^  =  d=  0*698  metre,  ^&  =  zfc  0*102  metre,  and  r^  =  ±  0*705  metre. 

e  e 
e  =    I     ----     =  dz  0*279  metre,  which  is  about  T^s^xrirtr  part  of  the  length. 

For  the  side  Monument- Beaver  da„  =  22*2.  Starting  from  the  side  Thompson- 
Heath,  ^  =  98*4  (18  triangles),  ta^^  =  ±0*257  metre,  eb  =  ±0*099  metre,  and  e^  = 

±0*275  metre. 

Starting  from  the  other  end  2  =  148*0  (21  triangles),  ^a„  =  ±0*3150  metre,  et  = 

±0*056  metre,  and  e^  =  ±0*320  metre.     Hence  e  =  ±0*209  i^etre,  or  about  ^^-VirTr 
part  of  the  length. 

For  the  side  Landsman- First  View,  starting  from  Thompson-Heath  <y«„  =  25*2, 
2  =  183*8  (29  triangles),  ^a„  =  ±0*309  metre,  e^  —  ±  o'o88  metre,  and  e^  =  ±0*321 

metre. 

Starting  from  the  line  Holcolm  Hills-Big  Springs,  ^  =  62*6  (10  triangles),  ea^  ~ 

±0*180  metre,  Ch  —  ±0*050  metre,   and  e^=  ±0*187   metre.     Hence  e=  ±o*i6i 
metre,  or  about  ttvt^ofu  P^^^  o^  the  length. 

For  the  effect  on  the  developed  length  of  the  arc,  we  have  approximately,  the 
distances  being  taken  between  the  middle  points  of  the  terminal  lines  projected  on  the 
thirty -ninth  parallel — 

Terminal  lines.  Distance.         Probable  errors.  Average. 

km.  in. 

Thompson  and  Heath  to  Hays  and  La  Cro.sse  1 15  "5  1  (, :  -000  r j  ^ '  0 (T(J  1  - 5 \,\> .;  --O  75 

Hays  and  La  Crosse  to  Monmnent  and  Beaver  139  o  y 2 h  '  cn,Ti  i^t  \i 0 0  t .7 s '  0 u d  ^  '29 

Monument  and  Beaver  to  Landsman  and  First  147  "o  tjt  hc)u  1  u :  ^  ottu  tuo  '  0  0 .7  i  '47 

View 

Landsman  and  First  View  to  Holcolm   Hills  1487  ror'ijoo  zz(i\i)i^  t^j'o..u  o'^i 

and  Big  Springs 
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y.    THE    ROCKY   MOUNTAIN   SERIES   OK   TRIANGLES,    1885,   1890-91,   1893-94-95. 

(  a  )   In  {rodnction . 

It  may  be  said  that  upon  the  whole  but  few  obstacles  were  encountered  in  the 
execution  of  the  triangulation  between  the  Atlantic  and  the  foot  of  the  Rocky  Mountains, 
and  these  w^ere  mainly  the  presence  of  lofty  forests  or  of  parallel  ridges  of  nearly  equal 
altitude.  P'acilities  of  transportation  and  of  living  were  sufficiently  abundant  in  this 
region,  except  perhaps  in  that  part  of  the  triangulation  which  crosses  the  Allegheny 
Mountains.  For  the  remaining  third  of  the  wa\'  across  the  continent  the  character  of 
the  work  is  totally  different,  on  account  of  the  high  altitudes  of  the  stations,  the  sparse 
f)opulation,  and  the  deficiency  of  roads,  as  may  be  seen  from  the  following  information 
and  description  furnished  by  the  observer,  Assistant  W.  Eimbeck. 
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With  but  few  exceptions  the  belt  of  country  between  Pikes  Peak  and  Salt  Lake 
traversed  by  the  main  triangulation  is  characterized  by  stupendous  masses  of  mountains 
with  intricate  summit  topograph3\  The  continental  divide  in  western  Colorado,  for 
example,  rises  as  a  strongly  serrated  wall  with  innumerable  defiant  peaks.  Though  rugged 
and  often  difficult  of  access,  the  mountains  along  the  thirty-ninth  parallel  are  neverthe- 
less a  favorable  feature,  inasmuch  as  they  admit  of  a  triangulation  'on  a  comprehensive 
and  unusually  grand  scale;  on  the  other  hand,  the  crossing  of  the  extensive  table  moun- 
tains in  eastern  Utah  necessitated  a  contracted  central  figure  of  the  triangulation.  The 
stations  comprised  within  this  section  rise  to  an  average  elevation  of  about  3  650  metres 
(12  000  feet) ,  and  the  crossing  of  the  continental  divide  was  effected  by  the  occupation  of 
five  peaks,  reaching  an  average  elevation  of  nearly  4  300  metres  ( 14  100  feet).  We  have 
here  the  longest  side  of  the  triangulation,  viz:  294  kilometres  or  1827  statute  miles. 
As  a  rule  the  country  traversed  is  an  arid,  barren  waste,  with  but  a  few  settlements  along 
the  main  rivers;  within  the  timber  belt,  between  the  7  000  and  1 1  000  foot  level,  there 
is  abundance  of  water.  The  principal  drawback  to  the  prosecution  of  the  work  was  the 
almost  total  absence  of  modern  ways  of  transportation,  ordinar}^  freight  wagons  and  pack 
animals  being  the  only  means  available.  The  Denver  and  Rio  Grande  Railway  with  its 
Ogden  branch  however  afforded  much  relief.  The  wagon  roads  had  frequently  to  be 
made  passable  by  building  bridges  across  guUeys.  Lower  camps  were  established  at  the 
end  of  transportation  by  wagon,  and  a  pack  trail  was  located  and  opened  to  the  upper 
camp,  usually  distant  5  to  10  miles,  and  involving  much  cutting  of  fallen  timber,  grading, 
and  blasting  or  quarrying  of  rocks;  the  ascent  was  UvSually  between  3  000  and  7  000  feet. 
Ordinarily  about  10  000  pounds  (say,  5  000  kilogrammes)  of  outfit,  instruments,  and  provi- 
sions had  to  be  transported  to  the  upper  camp — usually  two  weeks'  labor — for  which 
purpose  from  5  to  7  pack  mules  were  employed,  each  carrying  as  a  load  about  150  pounds — 
rarely  and  exceptionally  as  much  as  200  pounds — according  to  length  of  trail,  steepness, 
and  height  of  ascent.  The  transportation  of  the  great  theodolite,  weighing  with  packing 
box  about  200  pounds,  required  from  one  to  two  days.  Sometimes  it  was  carried  by 
hand;  at  other  times  it  was  drawn  by  a  horse  and  guided  by  men.  This  was  accom- 
plished by  men  carrying  and  guiding  it  while  a  horse  was  pulling  it  by  means  of  a  rope. 
The  preparator>'  work  to  put  the  mountain  top  in  condition  for  occupation  was  usually 
very  considerable.  The  instruments  were  mounted  on  masonry  or  rock,  the  obser\^er 
stood  upon  a  raised  floor,  and  the  whole  was  walled  in  and  surmounted  by  a  stout  canvas 
tent  in  order  to  break  the  force  of  the  wind.  The  theodolite  stood  upon  its  iron  position 
stand,  and  was  effectively  protected  against  direct  sunlight  and  radiant  heat  bj*  the 
double-walled  and  double-roofed  observing  tent.  As  the  occupation  of  a  station  covered 
about  one  month,  only  two  principal  stations  a  year  could  be  disposed  of,  since  the 
favorable  season  lasted  but  four  months.  The  reconnaissance  was  made  by  Assistant 
Eimbeck  pari  passu  with  the  occupation  of  the  station.  The  party  of  occupation  was 
composed  of  three  oificers  and  a  recorder,  with  the  necessary  complement  of  men  acting 
as  packers,  drivers,  and  cooks,  the  whole  party  consisting  of  12  or  13  persons.  The 
heliotropers  stationed  in  pairs  at  the  distant  stations  numbered  from  10  to  20,  according 
to  the  requirements  of  the  figure  of  the  triangulation.  In  consequence  of  their  long 
connection  with  the  work,  these  heliotropers  had  acquired  the  needful  training  and 
familiarity  with  their  duties;  they  lived  in  tents  or  stone  cabins  or  "dugouts,"  close 
to  their  stations,  and  considering  the  exposure  and  isolation  of  their  positions  it  must  be 
conceded  that  they  acquitted  themselves  well  of  tlieir  trying  and  responsible  duty.    With 
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but  few  exceptions  the  horizontal  directions  and  zenith  distances  were  observed  upon 
heliotrope  light.  As  a  rule  the  reflectors  were  of  square  shape,  varying  in  dimensions 
from  I  to  6  inches,  and  as  a  matter  of  experience  it  was  found  that  a  3-inch  mirror 
sufficed  for  lines  of  from  80  to  100  miles,  but  4-inch  mirrors  were  needed  for  lines  of 
100  to  150  miles;  the  longest  line  demanded  a  square  mirror  of  6  inches  (15  centimetres). 
The  signaling  or  call  lights  used  at  the  obserx'ing  station  consisted  of  reflectors  from  8 
to  12  inches  (20  to  30  centimetres)  in  size;  these  powerful  lights  were  easily  discernible 
with  the  unaided  eye  by  the  heliotropers,  even  up  to  distances  of  150  statute  miles 
(240  kilometres),  and  served  them  for  directing  their  mirrors  at  the  beginning  of  an 
occupation  of  a  station;  they  were  also  used  for  communication.  On  long  easterly  and 
westerly  oriented  lines  the  curious  phenomenon  of  getting  the  reflected  sunlight  thrown 
to  the  station  at  which  the  sun  was  already  below  the  horizon,  was  frequently  obser\'ed, 
and  at  times  lasted  several  minutes. 

The  horizontal  directions  at  all  the  stations  were  observed  with  the  50-centimetre 
(20-inch)  theodolite,  originallj^  in  19  and  later  on  (since  1893)  in  but  17  positions  of  the 
azimuth  circle.  The  intention  was  to  secure  two  full  sets  in  each  position  and  to  balance 
the  number  of  observations  of  the  morning  and  evening,  but  on  account  of  unavoidable 
broken  series  their  numbers  had  generally  to  be  increased  for  each  position.  Respecting 
the  time  of  observations,  they  were  made  from  sunrise  till  8  o'clock,  and  resumed  in  the 
afternoon  at  half  past  4  o'clock  and  continued  till  sunset.  The  seeing  was  usually  better 
in  the  morning  than  in  the  evening ;  excessive  brillianc}'  of  the  light  was  screened  off 
by  breathing  upon  the  ocular.  The  focal  length  of  the  instrument  is  106  centimetres 
(42  inches),  and  the  magnifying  power,  using  the  "half-inch"  eyepiece,  83  diameters. 
A  zero  or  reference  mark  was  used  at  all  stations ;  it  generally  was  a  black  target  of 
such  dimensions  as  to  present  an  apparent  angular  width  of  16  seconds.  To  secure 
observations  under  a  variety  of  atmospheric  conditions,  observations  were  extended  over 
twenty  or  hiore  days.  Double  zenith  distances  for  heights  of  stations  were  observed  at 
three  different  periods  of  the  day,  viz,  between  6%  and  8  o'clock  in  the  morning, 
between  iij^  and  i  o'clock,  and  again  between  ^yi  and  6  o'clock  in  the  evening. 
This  brought  to  light  the  fact  that  the  minimum  refraction  of  the  day  occurs  late  in 
the  afternoon,  even  after  the  heat  of  the  day  has  passed.  As  a  rule  these  vertical  angle 
measures  were  spread  over  not  less  than  twelve  days,  at  least  for  the  main  lines.  Since 
the  vertical  circle  was  necessarily  mounted  eccentrically  and  at  a  given  height  above 
the  station  mark,  the  heliotrope  aLso  being  at  a  certain  elevation,  a  reduction  of  the 
observed  zenith  distances  to  refer  them  to  a  line  "from  ground  to  ground  "  was  required. 
No  simultaneous  reciprocal  zenith  distances  were  obtained.  The  astronomic  observations 
for  time,  azimuth,  and  latitude  at  or  near  the  stations  will  be  referred  to  in  another 
place.  The  triangulation  party  also  made  observations  of  the  magnetic  declination, 
dip,  and  intensity,  and  meteorological  notes  were  regularly  kept.  During  the  whole 
work  the  temperature  of  the  air  was  never  known  to  fall  as  low  as  0°  F.,  or  —  18°  C. 

For  the  purpose  of  adequately  describing  the  station  and  its  approaches,  a  rough 
topographic  sur\'ey  was  usually  made  of  the  region  immediately  surrounding  it  and 
covering  from  a  few  to,  maybe,  20  square  miles.  This  topographic  knowledge  was  also 
desirable  in  order  to  form  a  judgment  of  the  probable  deflection  of  the  vertical.  Further 
work  of  much  practical  usefulness  by  the  party  was  the  determination  of  a  comprehen- 
sive number  of  second  order  points  for  general  topographic  purposes.  They  were 
mostly  principal  mountain  peaks,  and  were  marked,  when  accessible,  by  a  cairn  conical 


554         UNITED  STATES  COAST  AND  GEODETIC  SURVEY. 

in  shape,  about  6  feet  high  and  4  feet  in  diameter  at  the  base.  Every  principal  station 
is  marked  by  a  copper  bolt  in  the  rock  or  masonry,  but  not  infrequently  bolts  are 
placed  in  a  north,  south,  east,  or  west  direction  (true)  where  bed  rock  permits  and 
just  outside  the  ring  wall.  These  extra  bolts  can  not  be  mistaken  for  the  central  or 
station  bolt  so  long  as  the  wall  or  masonry  remains  intact.  The  accompanying  photo- 
graphic illustrations  will  greatly  assist  in  the  formation  of  a  vivid  mental  picture  of  the 
doings  of  the  party. 

In  conclusion,  it  may  be  remarked  that  the  conditions  of  the  weather  on  these  high 
mountains  could  not  be  called  unfavorable  during  the  ordinary  field  season,  which  lasts 
from  about  the  first  of  June  to  the  first  of  November,  excepting,  how^ever,  the  period  of 
thunderstorms  in  midsummer.  These  thunderstorms,  on  account  of  their  persistency 
among  the  high  mountains,  have  frequently  given  rise  to  much  suffering,  danger,  and 
delay  in  the  progress  of  the  work.  They  would  envelop  or  hover  around  the  moun- 
tains for  days  in  succession,  accompanied  by  the  most  violent  electrical  discharges  and 
thunderbolts  imaginable.  During  such  times  the  whole  mountain  top  fairly  hummed 
or  hissed  by  virtue  of  escaping  electricity,  and  sparks  a  couple  of  inches  in  length  could 
easily  be  drawn  from  any  exposed  insulated  object.  These  storms  would  usually  set  in 
about  1 1  o'clock  in  the  morning  and  last  till  long  after  sunset.  Though  no  fatality  is, 
fortunately,  to  be  recorded,  they  proved,  nevertheless,  the  main  cause  of  discomfort 
and  danger  to  the  party  exposed  to  their  fury.  The  highly  attenuated  vState  of  the 
atmosphere,  the  icy  blasts  during  stormy  periods,  often  accompanied  by  hail  and  snow, 
contributed  their  share  to  the  depressing  and  dismal  feeling  during  such  exposures. 
The  experience  of  the  heliotropers  would  seem  to  have  been  more  perilous,  for  three  of 
them  were  knocked  down  and  rendered  partly  unconscious,  while  a  tent,  several 
signals,  and  a  theodolite  were  demolished  by  lightning.  The  (so-called)  equinoctial 
snowstorms  which  annually  break  over  these  mountains  with  surprising  regularity  were 
usually  borne  wnthout  concern.  They  arrive  about  the  beginning  of  October,  and, 
though  sometimes  severe  and  followed  by  intense  cold,  they  seldom  caused  other  than 
mere  temporary  interruption  in  the  communication  with  the  camp  below. 

A  few  w^ords  about  the  Indians  may  not  be  deemed  out  of  place.  Though  numer- 
ically well  represented,  particularly  in  Colorado  and  Nevada,  and  frequent  visitors  at 
the  surveyor's  camp,  their  demeanor  was  uniformly  unobtrusive  and  considerate. 
Though  half  civilized  and  fairly  competent,  their  .services  were  not  desired  or  required, 
except  occasionally  for  packing  of  wood  and  water  for  the  heliotropers. 

Notice  had  to  be  taken  of  the  fact  that  the  Salt  Lake  Base  Net  lies  aside  to  the 
north  of  the  main  triangulation,  and  con.sequently  some  scheme  had  to  be  devised  as  to 
its  most  advantageous  connection  with  the  adjacent  nets.  Since  the  Wheeler  Peak 
hexagon  could  not  be  broken  up,  it  was  decided  to  make  the  adjustment  first  with  the 
Yolo  Base  and  next  by  means  of  the  known  (adjusted)  side,  Mount  Nebo-Tushar  wnth 
the  El  Paso  Ba.se.  The  order  of  j^roceeding  from  east  to  west  being  retained  in  the 
publication,  the  connecting  link,  Mount  Nebo-Tushar,  will  be  found  given  in  the 
Nevada  series  of  triangles  innnediately  /iV^rtv;/^  the  present  adjustment. 

The  distance  between  the  lines  Divide  to  Big  Springs  and  Mount  Nebo  to  Ibepah 
is  about  780  kilometres  or  485  statute  miles;  thence  to  Salt  Lake  Base  156  kilometres 
or  97  statute  miles. 
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{b)  Abstract  of  resultijig  horizontal  directions  at  each  station  froyn  local  and  from  figure 

adjustment,  i88^-i8g^, 

Tushar,  Piute  County,  Utah. 


August  28  to  September  22,  1885. 
W.  Einibeck,  observer. 


50-centimetre  theodolite,  No.  5. 


No.  of 
direc- 
tion. 


Object.s  obsetved. 


I 

2 


Beaver 

Pioche 
I  Wheeler  Peak 
I  Ibepah 

Mount  Xebo 
I  Wasatch 

Mount  Ellen 


Resulting  direc- 
tions from 

.station 
adjustment. 

Approx- 
imate 

probable 
error. 

0     /         // 

// 

0  c)C)  00*000 

rro  '050 

27  52   18-203 

00S2 

67    17     12  '102 

0-I20 

96  32  4o-oSi 

o-o86 

155  33  43  "049 

0086 

182  45  10  "281 

0  083 

238  41  36-332 

0074 

Reduc 
tion  to 


Result- 
iuK 


Correc- 
tions 
from 


Correc- 
tions 
from 
first  and 


"rr*:"  ->-,.  ^^^.  «^,«j?-  :^;d 


ju^ment  «Sel 


// 


// 


--o'i07  18*310 

-  0*182  II  -920 

-o  -244  39  -837 

■-0-155  43  204 

'  o  -228  10  -509 

--0-102  36*230 


•   •   •   • 

^  -086 
-•370 

•392 
•002 


^ 


Final 

seconds 

in  tri- 

angitln- 
tion. 


f/ 


■     •     •     • 

18-396 

■     •     •     • 

12  -290 

>     •     ■     • 

39*445 

>     •     •     • 

43  '202 

•158 

10-351 

•325 

36  -555 

Probable  error  of  a  single  observation  of  a  direction  [P,  and  R. )  =  rt  o''''*6.S. 

Man  fit  Xeho,  Juab  County,  Utah.     June   16  to  July  29,  1887.     50-centimetre  theodolite,  No.  5.     W. 

Ki  in  beck,  observer. 


No.  of 
direc- 
tion. 


Objects  observed. 


Re.sultinR  direc-    Approx-       0^,1,,^.       Result 
tions  from  imate         l^«»"c-       Result 


station 
adju.stnient. 


•"rr^r*:"    -""-'•   --"<"• 


Correc- 
tions 
from 


Correc- 
tions 
from 


Correc- 
tions 
from 

l>ase-net    "^h  fiiJJ    first  and    ^.„„.,„ 

adju.st-    SJt^^'I'i     scaMid      ^VS.W 
.mI..*       "ifure  ad- /.._,.^„  „  .        tion. 
raent.     i.f^.meMt  npiread- 
jusiment.  justmcnt. 


Final 

seconds 

in  iri- 


f 


/' 


ff 


f/ 


// 


// 


// 


// 


3 


Azimuth  Mark 
Patmos  Head 
Wa.satch 
Tushar 
Wheeler  Peak 
Ibepah 
Pilot  Peak 
Deseret 
Ogden  Peak 


o  (X)  (X) '(KX^  rrO '046 

99  26  42  *277  o  -096 

155   13   16*508  0-091 

194  36  40  046  0*090 

242  40  45  '694  <>  '075 

265  48  49  -527  o  oSo 

299  41    13  -[02  O  *070 

309    18    29  '821  0*1  12 

350  55   13*527  0*063 


—0*096  42*181 

-0*137  16*371 

-0*155  40*201 

-0*178  45'«'572 

— o'oii  49*516 

o  •  1 99  12  -903 

-  0  '219  29  '602 


■     •     ■     • 

.... 

-0-179 

42  002 

*     •     •     • 

•   «   •   ■ 

-0*215 

16  -586 

■     •     •     • 

-  0*227 

40  428 

.... 

-0  -059 

45  '93 1 

-0-I47 

.... 

49  '369 

0*051 

■   •   •   • 

12*852 

--0T33 

■   •   •  • 

29  469 

4-0  -330 

•   •   ■   • 

*    •   •   • 

13 '833 

-  o  *o24     13  *503 
Probable  error  of  a  sin>jle  observation  of  a  direction  (  />.  and  R.\  =  r!=o''*6i. 

PatUios  Head,  Kmery  County,  I'tah.     September  20  to  October  19,  1890.     50-centimetre  theodolite, 

No.  5.     W.  Eimbcck,  ob.server. 


No.  of 
direc- 
tion. 

C»bjccls  observed. 

Resi 

f 

.1 

lUinjf  direction 
roni  station 
id  just  men  t. 

niate 

probable 

error. 

Reduction 

to 
sea  level. 

0 

/ 

// 

// 

// 

Azimuth  ^lark 

0 

(XJ 

OO'OOO 

-^0  "052 

•    •    •    ■ 

9 

Tavaputs  * 

98 

42 

01  -705 

•    •    •    • 

-*  0-012 

10 

Mount  Waas 

149 

29 

05*105 

0*088 

-0  243 

11 

Mount  Ellen 

207 

09 

o5'i5« 

0  073 

-  0-120 

12 

Wasatch 

257 

55 

46  -352 

0*071 

O-161 

13 

Mount  Nebo 

297 

05 

30  -693 

0*074 

—0-125 

Rpmiltinir     Corrections 

sec"      s       ^^""^  "«"^*-* 
stcotKis.     adjustment. 


Final  sec- 
onds in 
trianjju- 
lation. 


// 


01  -717 

04  *S62 

05  *278 

46*513 
30  -568 


~o  *543 
-  0*214 
-0*011 
-  o  -367 
— o  -049 


// 


01  -174 

05  076 
05  289 
46  -880 

30-519 


Probable  error  of  a  single  observation  of  a  direction  i  /).  and  A\  )  —  r=o"*67. 


♦Deduced  from  suUirdinate  station  "  Ea'^t  Peak." 
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(d)  Abstract  of  resulting  horizontal  directions  at  each  station  from  local  and  from  figure 

adjustment,  1 885-1 8gs — Con  tin  ued . 

Wasatch,  Sanpete  County,  Utah.      August  i  to  August  28,   1890.      50-centimetre  theodolite,  No.  5. 

W.  Eimbeck,  observer. 


No.  of 
direc- 
tion. 


Objects  observed. 


Resulting  direction 
from  station 
adjustment. 


6 

7 
8 


Azimuth  Mark 
Mount  Nebo 
Patraos  Head 
Mount  Ellen 
Tushar 


o 

56 
141 
228 


00 


// 

00  'OCX) 


302     49    50  -062 


Approxi- 
mate 

probable 
error. 

// 
i!=0  057 

0093 

o  '109 
o  '090 
0*097 


Reduction 

to 
sea  level. 

// 


Resulting 
seconds. 


Corrections 
from  figure 
adjustment. 


// 


// 


15     21*449         0093        —0*149  21*300        —0*137 

19     25-325  0*109         *  0*147  25472        —0*379 

22       19*686  0*090         —0*186  19 '500         —0*276 

^o  244        50  '306        -o  '205 
Probable  error  of  a  single  observation  of  a  direction  {D.  and  R. )  =  t^o^^"]2. 


Final  sec- 
onds in 
triangu- 
lation. 

// 


21  -163 

25  093 
19*776 

50  "511 


Mount  IVaas,  Grand  County,  Utah.      July  12  to  August  4,   1893.     50-centimetre  theodolite,  Xo.  5. 

W.  Eimbeck,  observer. 


// 


// 


// 


// 


// 


// 


Azimuth  Mark 

0 

00 

00*000 

±0*099 

•   «   ■  • 

•   •   •   ■ 

•    •   «    * 

■    *     •    • 

19 

Mount  Ellen 

57 

49 

33  940 

O'lII 

-to -138 

34  "078 

-0*096 

33  -982 

20 

Patmos  Head 

124 

44 

59  '552 

0-113 

—0*199 

59  '353 

-   0*187 

59  166 

21 

Tavaputs 

T75 

33 

49  620 

0*115 

-fo-o6o 

49  680 

^0  '041 

49-721 

22 

Treasury  Mountain 

239 

14 

21  -538 

0*096 

-t  0-150 

21  -688 

— 0*002 

21-686 

23 

Uncompahgre 

273 

50 

31  *io7 

o'ii6 

—0-172 

30  '935 

-0    243 

31  -178 

Probable  error  of 

a  single  observation  of  a  direction  ( /?. 

and  R, )  — 

^0^^-95. 

Mount  Ellen,  Piute  County,  Utali.     July  3r  to  August  22,   1891.     so-centimetre  thewiolite,  No.  5. 

W.  Eimbeck,  observer. 


// 


// 


// 


/./ 


14 

15 
16 

17 

18 


Azimuth  Mark 
Tushar 
Wasatch 
Patmos  Head 
Mount  Waas 
.  Tncompahgre 


o  00  00  *ooo  ir:0  -057 

121  30  16*898  0*078 

171  06  54*549  «'(^75 

213  17  51 '469  0-073 

268  43  14 '308  0*077 

287  44  08*352  0*078 


o  *ii7 
-0*184 

:  0-105 
•  0*156 
O  "OOO 


16  *78i 

54  -365 

51  -574 
14  *464 
08  -352 


// 

-0  -052 
0*244 
0*178 
0-245 


— o  -229 
Probable  error  of  a  single  observation  of  a  direction  ( I),  and  ^. )  =  dz  o''^-67. 


•   •  •  * 

16-729 
54*121 

51 '396 
14*709 
08-581 


Treasury  Mountain,  Gunnison  County,  Colorado.  September  7  to  Septeml^er  21,  1893.  50-centimetre 
theodolite,  No.  5.  W.  Eimbeck  and  J.  Nelson,  obser^•ers.  June  24  to  July  3,  1895.  50-centimetre 
theodolite.  No.  5.     W.  Eimbeck,  observer. 


0 

/ 

// 

//                // 

// 

// 

// 

Azimuth  Mark 

0 

00 

00  OCX) 

^0  *o55             

t   •   •   • 

•    ■   ■   • 

•   •   •  • 

34 

1  Mount  Elbert 

137 

13 

55  '221 

0081*     -ro*ii5 

55  "336 

-o*374 

55  710 

35 

'  Mount  Ouray 

189 

27 

23*506 

r"^n -0*278 

lo*o8i*/            ' 

23  -228 

-0-086 

23-314 

36 

Uncompahgre 

255 

51 

26  -886 

0-067       — o-i6i 

27  -047 

—01 II 

26  936 

37 

Mount  Waas 

313 

40 

06*565 

0-074       —0*126 

06 -691 

—0*008 

06*683 

38 

Tavaputs 

349 

02 

28  *072 

0-092          0-114 

27  -958 

0-341 

27  '617 

Probable  error  of  a  single  observation 

of  a  direction  ( D. 

and  R. )  = 

-0^^*58. 

♦Directions  marked  with  a  •  depeud  upon  the  proi>able  error  -o''  oSi  of  Mount  Ouray  during  the  second  occupation. 


nxat  and  (lewleiH-  Sanfi—Tntn'mnl'nful'il  TrianguMion 
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(d)  Abstract  of  resulting  horizontal  directions  at  each  statioti  front  local  and  from  figure 

adjustment,  1885—1895 — Continued. 

TavaptUSy  Garfield  County,  Colorado.     September  27  to  October  21,  189 1.     50-centimetre  theodolite 

No.  5.     W.  Eimbeck,  observer. 


No.  of 
direc- 
tion. 


24 

26 

27 


Objects  observed. 

Azimuth  Mark 
Treasury  Mountain 
Uncompahgre 
Mount  Waas 
Patmos  Head 


Resulting  direction 
from  station 
adjustment. 

o         /  // 

O     CO     OO'OOO 

87  15  57 '088 

118  24  50-617 

168  13  53*097 

246  38  30  -048 


Approxi- 
mate 

probable 
error. 

// 

rbO-o63 

0-133 
0-093 

0-084 

o*io8 


Reduction 

to 
sea  level. 

// 

—0-164 
—0*280 
+0083 
— o  -012 


is^_..i»j__    Corrections 

^ndS*   from  figure 
^^^^"^^     adjustment. 


// 


56  924 
50  337 
53  180 
30*060 


■   •   •   • 

-0-170 
-  0*142 

-f-0-020 

-ho  -305 


Pinal  sec- 
onds in 
triangu- 
latiou. 

// 

«    •    •    • 

56  754 

50-195 
53  200 

30  -365 


Probable  error  of  a  single  observation  of  a  direction  (/?.  and  -^. )  =:  =b  o^'^'So. 


Mount  Elbert s  Lake  County,  Colorado.     July  9  to  July  27,  1894.     30-centimetre  theodolite,  No.  146. 

P.  A.  Welker,  observer. 


// 


// 


45 
46 

47 
48 


Reference  Mark 
Bison 

Pikes  Peak 
Mount  Ouray 
Uncompahgre 


O  00  00  'OOO  r?30  *o66 

176  00  16-394  0*100 

199  22  22  *8io  o  -087 

261  34  00  272  0*095 

313  14  38*887  0*082 


•   •   •   • 

-roo82 
-  0-131 
-0-132 
-fo  -278 


// 


r6  -476 
22  -679 
00*140 
39  165 


49       Treasury  Mountain         354     19     10*906        o*o8i       -7-0*104         11*010 


•   •   •  • 

-0  *296 
—0*251 
-fo  -448 
-0-194 

-0  -597 


•     m    •    • 

16 -180 

22  *93o 

00*588 

39  359 
10  -413 


Probable  error  of  a  single  observation  of  a  direction  ( D.  and  /^.)  =  .tz  0^^.67. 


Uncompahgre,  Hinsdale  County,  Colorado.     August  20  to  September  14,  1895.     50-centimetre  theodo- 
lite, No.  5.     W.  Eimbeck,  observer. 


// 


28 

29 

30 

31 
32 
33 


Azimuth  Mark 
Mount  Ellen 
Mount  Waas 
Tavaputs 

Treasur}'  Mountain 
Mount  Elbert 
Mount  Ouray 


o  /  // 

O  00  00  -000      zjrO  -042 

17  57  20  806 

34  57  59980 

66  53  01-395 

122  33  55729 

142  52  07  -460 

175  40  48-147 


// 


// 


// 


// 


0-092 

-0-017 

20  '789 

—0  -102 

20*891 

0-088 

-0-158 

59  822 

—0  016 

59-806 

0*079 

-0-177 

01  -218 

-ro-277 

01  -495 

0-089 

-0-153 

55  882 

-0*130 

55  -752 

0095 

-0-286 

07  -746 

-0*211 

07  535 

0*065 

—0-186 

48  -333 

—0  *022 

48*311 

Probable  error  of  a  single  observation  of  a  direction  (  P.  and  ^. )  =  rt  o^''*54. 


Plateau y  Pueblo  County.  Colorado.     July  25  to  August  10,  1894,  and  September  24  to  October  3,  1895, 

30-centimetre  theodolite,  No.  118.     F.  D.  Granger,  ob.server. 


// 


// 


// 


ff 


// 


// 


61 

Pikes  Peak 

0     00     OO'OOO 

H-o  *098     —0  -286 

59714 

-ro  -072 

59  786 

62 

Corral  Bluffs 

36    49    56  711 

*o-095     —0017 

56-694 

-0-193 

56  -501 

63 

Big  Springs 

73    43     16*565 

\  01 171 
1^^0-09 1 J 

16-683 

—0*521 

16*162 

Dry  Camp 

98      12      57*212 

*o-io6     -roio3 

57-315 

•  «  ■  • 

•   •  •  • 

60 

Mount  Ouray 

^312    14  50-468 

0-140     —0019 

50-449 

-t-0-771 

51  *220 

Probable  error 

of  a  single  observation  of  a  direction  ( D.  and  R. )  = 

zb  0^^*70. 

*  Directions  marked  with  a  *  depend  on  the  probable  error  ±  o"-o9i  of  Big  Springs  during  the  second  occupation. 
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(^)    Abstract  of  resulting  horizontal  directions  at  each  station  from  local  and  from,  figure 

adjustment,  1885-18^5 — Continued . 

Mount  Ouray,  Saguache  County,  Colorado.     July  7  to  July  31,  1894.     50-centimetre  theodolite,  No.  5. 

W.  Eimbeck.  obser\'er. 


No.  of 
direc- 
tion. 


39 
40 

41 
42 

43 
44 


Objects  observed. 


Reference  Mark 
Azimuth  Signal 
Uncompahgre 
Treasury  Mountain 
Mount  Elbert 
Bison 

Pikes  Peak 
Plateau 


Resulting  direction     ^PfJ?**"      Reduction      B^„„ui„„    Corrections    ^"^1!^ 
from  station  „JXf.ie  to  ^J!^!!*,"^    from  figure      ,°J?^**" 

adjustment.  P™ro'  sea  level.        ^^^^^^     adjustment,      ^{JSJg"' 


o 

4 

73 

134 


/         // 

OO      OO  '000 


43  o2  772 

31  43  717 

01  14  "063 

169    02  48  -693 

217    35  11*921 

248     16  47*712 

273    44  33*129 


// 
±0-083 

O'lII 
O'lII 
O'lII 

0-090 

o'i57 
0*095 

0-126 


// 


// 


// 


// 


4-0  -184 
— o  -273 
-o  -138 
H  o  238 
-}  0*219 
—0*003 


43*901 
13-790 

48  '555 
12-159 

47  '931 
33*126 


-f  o  -485 
— o  '032 
—0*590 
+0  -372 
-0*145 


-^o  '016 
Probable  error  of  a  single  observation  of  a  direction  {D.  and  R,)  =  dbo'''*83. 


44-386 

13  '758 

47*965 

12*531 
47786 

33  *142 


Pikes  Peak,  El  Paso  County,  Colorado.     July  4  to  August  4,  1895.     30-centimetre  theodolite.  No.  146. 

J.  Nelson,  observer.     (W.  Eimbeck,  chief  of  party.) 


0 

/ 

// 

// 

// 

// 

// 

// 

Azimuth  Mark  (Mount 

0 

00 

00*000 

+TO-099 

.... 

•   •   •   ■ 

■  •  •  • 

•  •  •  • 

Rosa) 

55 

Plateau 

0 

24 

12  -679 

0-113 

— o'loS 

12-571 

—0-203 

12*368 

50 

Mount  Ouray 

107 

II 

36*606 

0*109 

-  0-2I0 

36  -816 

—0  -416 

36  *4oo 

51 

Mount  Elbert 

145 

46 

21  -055 

0*105 

0-I43 

20-912 

-ho  372 

21  *284 

52 

Bison 

179 

36 

26*960 

0*109 

—0  250 

26  '710 

-0*403 

26  *307 

53 

Divide 

281 

54 

23  -331 

0*106 

+0*128 

23  *459 

-ro*i77 

23  636 

54 

Big  Springs 

319 

01 

36-684 

0*II2 

-0  -035 

36  -649 

+0  -436 

37  085 

Probable  error  of  a  single  observation  of  a  direction  {D,  and  P.  )  =  ±0^^*77. 


Bison,  Park  County,  Colorado. 


July  22  to  August  16,  1894.     3(vcentinietre  theo<lolite,  No.  145.     F.  W. 
Perkins,  observer. 


0 

/ 

// 

// 

// 

// 

// 

// 

Reference  Mark 

0 

00 

OO'OOO 

^0  045 

•   ■   •  • 

•    •   •   • 

• 
•   ■  •   * 

•  •  •  • 

57 

Pikes  Peak 

8 

05 

07  *928 

0058 

-0  -281 

07-647 

-1-0*139 

07*786 

58 

1  Mount  Ouray 

84 

58 

58-189 

0071 

+0  263 

58  -452 

f  0  *303 

58  -755 

59 

;  Mount  Elbert 

130 

53 

06  787 

0066 

-1-0-089 

06*876 

-0-399 

06 '477 

56 

,  Divide 

331 

53 

10-001 

0067 

— o-o6o 

09*941 

-0  -059 

09-882 

Probable  error  of  a  single  observation  of  a  direction  (  D.  and  P.)  =  z^  o^^'SB- 
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(d)  Abstract  0/  resulting-  horizontal  directions  at  each  station  from  local  and  front  figure 

adjustment,  1885-1895 — Completed. 

Divide^  El  Paso  County,  Colorado.  November  12  to  November  19,  1879.  30-centimetre  theodolite. 
No.  108.  O.  H.  Tittmann,  observ'er.  August  i  to  August  11, 1895.  30-centimetre  theodolite,  No. 
118.     F.  D.  Granger  and  J.  B.  Boutelle,  observers. 


No.  of 
direc- 
tion. 


Objects  observed. 


Resulting  direc- 
tion from  station 
adjustment. 


Approxi- 
mate 

probable 
error. 


// 


// 


64 
65 


Holcolm  Hills 

Big  Springs 

El  Paso  East  Base 

Corral  Bluffs 

El  Paso  West  Base 

Pikes  Peak 

Bison 


o  00  OO'OO 

33  19  29-190 

46  47  59*87 

83  14  II  -24 

98  42  24-31 

126  59  19  -980 

168  29  32  '642 


Reduc- 
tion to 
sea-level. 


// 


— o'll 


Resulting 
seconds. 


// 


59*89 


Correc- 
tions 
from 
base-net 
adjust- 
ment. 


// 


i-0'l9I 


Correc- 
tions       Final 

from  seconds 

base-net  in  tri- 

and  fiff-  an^ula- 
ure  ad-       tion. 
justment. 


// 


// 


'0-134 


*o-iii 
*o-o88 


— o  -114  29  -076  — o  -926 

o-c»8  59  79  -fo'492 

-fo-o8  11*32  —0*314 

-ho -13  24-44  -f  0-557 

-L  o  -240  20  -220    

—0-107  35*535 


— o 
— o 


354 


00 -081 
28  -150 
60*282 
II  -006 
24*997 
19*866 


181  32*354 


Mean  o  'ooo 

Probable  error  of  a  single  obser\'ation  of  a  direction  {D.  and  A*. )  =  =!=  i^''*i9  in  1879  si'id  dr  o''*68  in  1895. 

Big  Springs y  El  Paso  County,  Colorado.  August  21  to  September  3,  1880.  30-centimetre  theodolite, 
No.  108.  O.  H.  Tittmann  and  G.  F.  Bird,  observers.  June  23  to  July  6,  1895.  30  centimetre  theo- 
dolite, No.  118.     F.  D.  Granger  and  J.  B.  Boutelle,  observers. 


No.  of 
direc- 
tion. 


Objects  observed. 


Resulting  direc- 
tion from 
station  adjust- 
ment. 


Final 
seconds 


r-._-^^       Correc- 
Correc-       tions  ^*°"* 

Approxi-        T>«j„«        D^«„i*        tions         f«^  *  from 

"7^""     «»-'«-'•   ^""di  ^dTJl\!' andfi^t     ^Jj     angula. 

ment.    s.f«tment  figure  ad- 
justment.jyg^^^jj^ 


// 


// 


ff 


ff 


// 


// 


// 


Corral  Bluffs 

0 

00 

00 'OO 

±:      

—0*10 

59  90 

-ro  'Q02 

■   •  •  • 

•  •  •  • 

59-902 

El  Paso  East 

27 

23 

27-51 

•    ■    •    • 

—0-13 

27-38 

0*268 

•  •  •  ■ 

•  •  •  ■ 

27  '112 

Base 

Divide 

33 

35 

42*180 

to*ii5 

-0-137 

42  -043 

0*370 

•  •  •  ■ 

■  •  •  • 

41  -673 

Holcolm  Hills 

54 

42 

04-99 

•   •   ■   • 

—0*05 

04-94 

-f  0  *636 

•  •  •  • 

■  •  ■  • 

05  -576 

Square  Bluffs 

138 

58 

19*83 

•   •   •  • 

-)-o*o6 

19*89 

•  ■  ■  ■ 

-L0-31 

•  •  ■  • 

20 '20 

Cramers  Gulch 

188 

03 

38-61 

•   •   ■   • 

—0*10 

38-51 

•  •  •   • 

—0-08 

•  •  •  • 

38-43 

Dry  Camp 

235 

37 

57*119 

to  *228 

—0  -040 

57  "079 

•  •  •  « 

•  •  *  • 

•  •  ■  • 

*    •    •    • 

66 

Plateau 

279 

28 

24  *329 

to* 100 

-i-o*ioi 

24  -430 

•  •  •  • 

•  •  •  • 

4-0*834 

25  -264 

67 

Pikes  Peak 

344 

22 

41  -563 

tO*I2I 

—0  •aS3 

41  -480 

•  •  »  • 

■  •  •  • 

-0-244 

41  -236 

Mean  +0  '038 

Probable  error  of  a  single  observation  of  a  direction  (A  and  -^. )  =  d=  1^^*42  in  1880  and  rt  0''*77  in  1895. 

Weights  to  the  individual  directions  entering  into  the  triangulation  were  introduced, 
as  explained  in  Part  I  and  exemplified  in  the  adjustment  of  the  Yolo  Base  Net. 

In  the  present  case  we  have  the  number  of  directions  =  67,  the  number  of  triangles 
=  23,  and  the  average  value  of  the  probable  error  of  an  observed  direction,  as  found  by 


*  Directions  marked  with  a  ♦  depend  on  the  probable  error  ±  o"-i34  of  Big  Springs  during  the  second  occupation, 
t  Directions  marked  with  a  *  depend  on  the  probable  error  i  o"*ii5  of  Divide  during  the  second  occupation. 
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station  adjustments  ^,  =  ±  o"'094  and  the  same  derived  from  the  closing  errors  of  the 
triangles,  or  et  =  d=o"'27.     Hence  e/  —  e^  =  0*064  ^i  ^i^^  ^^^  relative  weight-reciprocal 


to  a  direction  = 


14 


eg  +  0*064  I 
portion  of  the  weight  reciprocals  equal  to  unity. 

(r)  Figure  adjustment. 


where  14  is  a  convenient  multiplier,  which  renders  a  large 


23 

24 

25 
26 

27 

28 


No 
I 

2 

3 

4 

5 
6 

7 
8 

9 
10 

II 

12 

13 
14 

^5 
16 

^7  I 
18, 
»9  , 
20  I 

21    , 


O 
O 
O 
O 
O 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 


+ 


Observation  equations. 

0-682 -h    (I)-    (4)-    (5)+    (6) 

0-22I-    (i)-h    (2)-h    (5)-    (8)-(i4)-f(i5) 

0-264-    (3)-f-    (4)-    (6)-f-    (7)  -(12) +  (13) 


=  -f 
=  4- 
=  + 


0  = 


1*077- 
0*128  — 

1*270  — 
0*186  — 
0233  — 
o*6io-- 
0*472  - 
0*605  — 
1*356- 

1-138- 
1*003- 

1*429- 

0*767  — 

0*751  - 
0*951  - 

2311  — 

0*187  — 

0*79   ^ 


(7)4-    (8)-(ii)-f(i2)-(i5)^(i6) 

(io)4-(ii)-(i6)-f(i7)-(i9)  +  (2o) 

(9)  -I-  (10)  -  (20)  -r  (21)  -  (26)  -f  (27) 

21 )  ^  (22)  -  (24)  -r  (26)  -  (37)  -!-  (38) 

22)  +  (23)  -  (29)  -r  (31)  -  (36)  ^  (37) 
24)  -^  (25)  -  (30)  -f  (31)  -  (36)  -r  (38) 
17)  +  (18)  -r  (19)  -  (23)  -  (28)  4-  (29) 
31 )  -r  (33)  -  (35)  -r  (36)  -  (39)  +  (4o) 

31 )  -r  (32)  -  (34)  -r  (36)  -  (48)  +  (49) 

32)  -r  (33)  -  (39)  ^  (41)  -  (47)  H-  (48) 
41)  -h  (42)  -  (45)  -r  (47)  -  (58)  +  (59) 
41 )  +  (43)  -  (46)  ^  (47)  -  (50)  -r  (51 ) 
45)  -  (46)  -  (51 )  ^  (52)  -  (57)  -f-  (59) 
43)  -  (44)  -f  (50)  -  (55)  -  (60)  -t-  (61) 

52)  -r  (53)  -  (56)  4-  (57)  -  (64)  -h  (65) 
54) -h  (55)  -  (61) -r  (63)- (66) -f  (67) 

53)  -  (54)  ^(64) -(67) 

5*52(1) -1-42(2) -1*43(3) -^4*00(4) -1*72(1 1)  4- 4-30(12) -2*58(13) -1*79(14) 


22     o  =  — 


-f 


0=  — 


0  = 


o  =  -f 


0  = 


0=  — 


+ 


4*11(15)-  2*32(16) 

0*64-1*72(9)  -3'05(io)  - 1-33(11)  -  1-45(16)  -r 7*56(17)  -6*11(18)  - 1*78(25) 

2*21(26)— 0*43(27) -6-88(28) -r  10*26(29)  -3-38(30) 

0*184-1-04(21)— 4-09(22) -1-3*05(23) -3-15(24)— 3-48(25)  4-0-33(26) -^0*09(29) 

1*44(30)^1-35(31) 

2*44  4-4-11(31)- 5-69(32) -r  1*58(33) -^^'19(39) --4*20(40)^  3-00(41  )-o*io(47) 

2*42(48) -i  2*52(49) 

8*61  -f- 1*86(41)  -5-41(42)  4-3*55(43)  -^4-71(45)  -4*87(46)  -ro-i6(47)  ^  0*67(50) 

3*14(51)^2-47(52) 

4-96 -r  3-55(42)   -7-97(43) +4-42(44) -r2*88(56) -3*37(57)  4-0*49(58) -4- 1-91(60) 

2*53(6i)  -^0-62(63)  -2*24(64)  4-2-38(65)  -ho*99(66)  -2*80(67) 

3-98-t- 2*78(53)- 5-17(54) -r  2*39(55) -ro*62(6i) -3*90(62)  T-3*28(63) -0*14(64) 
1*09(66) 

3*72-1*42(1)  ^1*42(2) -2-56(4)  -0*91(5)  ^0*91(6) -o*ii(7)-ro*n(8)- 172(9) 
1*72(10)  4- 1*72(11) -1*72(12)  4-  1-79(14) -1-79(15)    -1-45(16)  -^  1-45(17) -r  0-90(19) 
0*90(20)- 3-05(22)4-3-05(23)  -0*34(24)  4  0*77(26)— 0*43(27)4  0-09(29) -1*67(31) 

1-58(33) -1*63(34)  4-1*63(35)  r  2*97(37) -2-97(38)-!  1-19(39) -1*19(40)  -3*55(42) 
3"55(43) -0*16(45)4-0-06(47)  t-o*io(49)-rO*67(5o)  -0-67(52)  -2-78(53)  4-2*78(54) 
2-88(56)4-2-88(57)  -^2-04(58)  -2-04(59)  -r  2-38(64)- 2*38(65) -M*82(67) 
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(c)  Figure  adjustment — Continued. 
Correlate  equations. 


14 
7 

i-o 

C, 

Ca 

C3 

C4 

C5 

C6 

C7 

C8 

Cio 

Cax 

C» 

Ca3 

C98 

(I) 

+1 

—  I 

+5  "52 

-1-42 

(2) 

10 

+  1 

-1-42 

+  1'42 

(3) 

10 

—  I 

-1*43 

(4) 

1  0 

—  I 

+  1 

+4'oo 

-2-56 

(5) 

10 

—I 

+  1 

■   «  • 

■    •   •  • 

•  •   ■ 

•    «  ■ 

■  •    •  ■ 

•   •  ■    • 

•       •  • 

•  •  •  « 

•  •  •  • 

■  • 

— o'9i 

(6) 

I'O 

+  1 

—  I 

+o'9i 

(7) 

1-1 

+  1 

—  I 

-O'll 

(8) 

I'O 

—  I 

1-1 

+o'ii 

(9) 

I'O 

—  I 

-1-72 

-I  72 

(10) 

10 

•  •  ■  • 

•  •        • 

•  •   •  • 

•  •  •   ■ 

—  1 

+  1 

•  •    ■   • 

•    •    •  • 

*  •  • 

•  •  •  • 

+3 '05 

■  ■    ■   • 

+  1-72 

00 

;  "o 

—  I 

+  1 

— 1-72 

-I '33 

+172 

(12) 

10 

-I 

+  1 

+4  "30 

—  I '72 

(13) 

10 

+  1 

-2 '58 

1 

(14) 

10 

—  I 

-I '79 

+179 

(15) 

10 

•  •  •  • 

+  1 

■  ■    •  • 

—  I 

«  •   ■  ■ 

fl    •   ■ 

■  •    •  • 

•    -  •    • 

•  •  •  • 

+4'ii 

•  •  •  • 

•  »    •   ■ 

-I  79 

(16) 

10 

+  1 

—  I 

-2-32 

-I '45 

-1-45 

(17) 

I'O 

+  1 

—  I 

+7-56 

+1-45 

(18) 

I'O 

+1 

-6 '11 

(19) 

I 'I 

"~I 

+  1 

+090 

(20) 

II 

•  ■  ■  • 

•  ■   •  • 

•  •  •  • 

•  «  •   ■ 

+  1 

—  I 

■   •    •  • 

■  •    •   • 

•    •    k    • 

•  ■  •  • 

•  •  ^  • 

•    *   •    • 

— 090 

(21) 

I 'I 

+  1 

—  I 

+i'04 

(22) 

I'O 

+  1 

—  I 

-4-09 

-3  05 

(23) 

I 'I 

+  1 

—  I 

+3-05 

+3"0c 

Correlate  equations — Continued. 


(24) 
(25) 
(26) 

(27) 

(2N) 
(29) 
(50) 
(31) 
(32) 
(33) 
(34) 
(35) 
(36) 
(^7) 
(38) 
(39) 
(40) 
(41) 
(42) 

(43) 
(44) 


1^ 
P 


Ce 


Ca      C9 


.10 


.XX 


.xa 


Cx3       C14       C15       Cx7  Caa  Ca3 


Ca4 


Ca6 


Ca8 


I  'I 

I'O 
I  'O 

I  'I 

1  "O 
I'O 
I  'O 

I  o 
I  'O 
I  'O 

I  'o 

1  'O 

10 

I'O 
I'O 

I 'I 
I'l 

I'O 
I '2 
I'O 

I'l 


—  I 

+  1 


—  I 


+1 


—  I 

+1 


-I  +1 

—1 

+1     +1 


—I      —I 

-I     +1 
+1  +1 


«  •   •  «  •   • 


-  I '78 

+    2 '21 

-  o'43 

-6-88 
+10 'a6 

-  3-38 


—I 

+1 

—I 

+1 


— 1 

+  1 

—I 
+1 


+3 '15 
-3-48 

+033 


+0'09 
-1*44 
+i'35 


—  I 

+1     ... 


—I 
+1 


—  I 


-H 


— 1 
+1 


—I 

+1      -I 
+x 


-0-34 


+0-77 

-o'43 

•  ■  ■   • 

■  •  •  • 

■  •  •  • 

■  •   •  ■ 

+0-09 

+4*11 

-1-67 

-569 

+  i'58 

•  •  •  • 

■  •  •  • 

+  1-58 
-1-63 
+  1-63 

+2 '97 

«  *  «  * 

*  •  ■  • 

•  •  •  ■ 

-2  97 

+119 

+  i'i9 

—4 '20 

-I  19 

+3*00 

+i'86 

-5*41 

+3*55 

-3  55 

•  ■  ■  ■ 

+3 '55 

-7 '97 

+4*42 

+3 '55 

18732 — No.  4 36 
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(r)  Figure  adjustment — Continued. 
Correlate  equations — Completed. 


14 
P 

CX3 

CI3 

Cu 

Cis 

Cx6 

Cx7 

CI8 

CI9 

Cao 

(45) 

10 

—  I 

—I 

(46) 

i*o 

—I 

+1 

(47) 

I'O 

—  I 

+1 

+1 

(48) 

I  0 

—I 

+1 

(49) 

I'O 

+1 

(50) 

1  -1 

•    •   >    » 

•  •  •  • 

•    •  ■    • 

—I 

•    ■  •    • 

+1 

•   «  •  • 

•  •  •  • 

•  •  •   • 

(51) 

i-o 

+1 

—I 

(52) 

II 

+1 

—I 

(53) 

I  "I 

+1 

—I 

(54) 

I'l 

—I 

+1 

(55) 

l-I 

•  •  •  • 

•  •  •   • 

•  •  •  • 

■  •  •  • 

■  •  •  • 

—I 

•  •  •  • 

+1 

■  •  •  • 

(56) 

I-o 

—1 

(57) 

09 

—I 

+1 

(58) 

I'O 

—1 

(59) 

I'O 

+1 

+1 

(60) 

1*2 

B     •    •     « 

•  •  ■  * 

•  •  •  • 

•  •  ■  • 

•  •  ■  • 

—I 

>  •  •  • 

■  ■  •  • 

•  ■  •  ■ 

(61) 

I'O 

+1 

—I 

(62) 

I'O 

(63) 

10 

+  T 

(64) 

I  'I 

—I 

+1 

(65) 

I'O 

•  •      • 

•  •  •  • 

•  ■  •  • 

•  ■  •  • 

•  »  •  • 

■    •   •    • 

+1 

•  •  •  • 

•   •  ■    • 

(66) 

I  '0 

—I 

(67) 

I 'I 

+1 

—  I 

C»4 


Cas 


Ca6 


C«7 


CaS 


+471 

-4-87 

— O'lO 

+o'i6 

-2 '42 

+  2-52 

•    ■    •    • 

+0-67 

-3 '14 

+2 '47 

— o'i6 


+o'o6 


+o'io 

•  •  •  • 

•  ■  •  • 

+0.67 

— 0-67 

+2 '78 

-27S 

~5'i7 

+  2'7S 

•    •  •    ■ 

+  2 '39 

•  •  •   ■ 

+2 '88 

-2-88 

-3  "37 

+2 '88 

+o'49 

+2 '04 
-2  04 

+  i'9i 

•  ■  ■  • 

•  ■  •  • 

-2 '53 

■fo-62 
-3  "90 

+0-62 

+3-28 

—2  "24 

-014 

+2 '38 

+2-38 

•  •  ■  » 

-238 

+o'99 

-I -09 

—2 '80 

+  1*8 

I. 

2. 

3- 
4- 

5- 
6. 

7- 
8. 

9. 
10. 

II. 

12. 

J3- 
14- 

15- 
16. 


=  +0-682 

=  — 0'22I 

=  +0  '264 
=  -i'077 
=  -0128 
=  — I  '270 
=  +o-i86 

=  -0*233 
=  +o'6io 

=  +0  '472 
-  +0  -605 
=  +  1-356 
=  +1-138 
=  - 1  -003 

=  -1-429 
=  +0767 


Ci         Ca 


Normal  equations. 

C4  Cs  C6  C7  Ca  C9        Cio        Cm 


Cu 


-»3 


Cx4  C15  C  t6 


+4'0      — 2'0      — 2'0 

+6'0  — 2'0 

+  6'I      — 2'I 

+6 'I      — 2'0 

•   ••«  >•••  •    %  %    m  ••••  *^~U      4  ^"*  ^X  <■•*  •■••  ••••  ^a1  «•■•  ••«■  •«•• 

+6 '3    —2 'I 

+6 '2      — 2'0      +2 'I 

+6 'I      +2'0      — 2'1      -2'0      — 2'0 

+6 'I  —20     — 2'0 

■«•#  ••••  ••••  ■         ■  ••■■  at**  ••••  •«••  •*■•  ^1     ^^      A  •■••  ■■••  •■«• 

+6 '2      +2'0      +2 'I 

+6  'O      —2  'O 

+6'I 


—  2'0 

+6-2 


Normal  equations — Continued. 

C17         C18        C19        Cao  Cax  Caa  Ca3  Ca4  CaS 


Ca6 


Ca7 


— 2'0 

+  2'0      +2-0 

+6 'I      —2*0 

+60 


CaS 


I. 

0= +0-682 

2. 

0=— 0'22I 

3- 

0= +0*264 

4. 

o=-i-o77 

5. 

o=— 0'128 

6. 

0=-I'270 

7. 

o=+o'i86 

8. 

o«— o'233 

9- 

o=+o'6io 

+  1-520 

+    2-960 

—  1*040 

—    I '760 

-  1-450 

~    I  -871 

—  o'4io 

-  0'120 

-    a'869 

«•■•             •■••             • 

+0  '600 

+  4630      

+    0920 

+  2-087    +  o'8i4 

+    3-187 

+   2*210      —  8 '369 

-    7-846 

—10 '260    +  8*705    +  4*110 

+    7-615 

+  I -600    —  4*155    —  4'iio 

-    4a66 
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(f)  Figure  adjustment — Completed. 
Normal  equations — Completed. 

C19        Cao  Cat  Caa  Ca3  Ca4  C95 


Cx7         Cx8 


Ca6 


C«7 


Cae 


10.    0=  +0  -472          

••••           «••• 

+  3'47o 

-  3a«>5        

-    3725 

II.   0= +0*605 

-  1*350    -  8*459 

-    o-99"> 

12.     0= +  1-356 

-  I  '350    -4-860 

+    3'4«> 

13.    o=  +  ii38 

+  6  *64i       +1  -700 

+      0*2Il 

14.    o=»  — 1*003 

—  3*100      —12*902 

+  3*770 

—      8-I20 

15.    o=- 1*429 

-2*1 

««••           ••••          • 

•    *•                               *••■«•                                      ■■••«• 

-  3*i<»      +  2843 

-  7*970       

+  2*87.^ 

16.    0= +0*767 

— 2*0 

-  3733 

+  3033 

-    5  209 

17.    0= +0*751 

+6*5 

—2*1 

-  2*813 

+  8*010    --  2*009 

-     2*Si3 

18.    o=— 0*951 

+6*2 

•a -2 

-  2*717 

-  1*069    +  3*212 

.     1-847 

19.    o=+a*3U 

+6*3    - 

■2*2 

—  0*920    +12 '066 

-     I  056 

20.    o=— 0187 

•  ■  ■  ■ 

•  •••              ••■•             ("^    4                 •••■••                      •■•••■ 

-r  0*616     -  8*899 

+     6-732 

21.    o=— o*79 

+104 -115      +  5  652 

-  37  646 

22.    o=— 0*64 

+282*900 

+12*714 

+  21  -810 

23.    o=— o*i8 

+55*189    +  5'548 

+  19557 

24.    o=+2*44 

+93  "943      +  5564 

+    2  -934 

25.    o=+8*6i 

•  ■  •  ■ 

•■••              •••■ 

■■•                «■■■••                   ■•••*• 

+114*175 

-51*340        

+  33-578 

26.    o=— 4*96 

+  150840     -  0*269 

-  76-5^1 

27-    ©=+3*98 

+71  '749 

-  24 '678 

28.    o=— 372 

Resulting  values 

of  correlates. 

+  173-696 

C  — —  0-I44  7 

c,= 

=  —  0-158  9 

C,5  =  —  0  -018  5 

Caa  =  -  0  -025    52 

C,  =  f  0196  3 

c,= 

=  —0-190  0 

C,6=— 0-146  5 

Cas  =  —  0  -000  62 

C3  =  -T  0-128  4 

C,o  = 

=  +0073  5 

C,7  = -0-444  5 

Ca4  =  +0-002    15 

C4  —  ^  0  -456  I 

c„  = 

=  +  0-157  2 

C,8  =  —  0  -072  4 

Cas  =  -  0  "077  73 

(  5  =  -1-  0  -294  8 

c„  = 

=  —0-616  9 

C,9  =      0  -747  8 

Ca6  = +0-103   54 

Co  =  ^  0  -330   2 

C.3  = 

=  —0-417  8 

Cao  =  —0-510   2 

Cay  =        0  -049  52 

Cy  =  -f  0  -292  0 

C.4  = 

=  +  0  -052  0 

C„  =  +  0  -068  89 

Ca8= +0-149   2 

Corrections  to  angular  directions. 

(i)  =  —0-172  6 

(18 

)  =  +  0  -229  4 

(35)  =-f  0-086  0 

(52)=    - 

0-402   7 

(2)  =  -t   0-310  4 

(19) 

=      0-095  7 

(36)  =  —  o-iio  8 

(53)  =  + 

0-176  8 

(3)  =  -0-226  9 

(ao; 

1  = -0-186  7 

(37)=      0-0078 

(54)  =  ^ 

0  -436  0 

(4)--f  0-I66  7 

(21) 

1  =  +  0-041  4 

(38)  =  -0-341  I 

(55)  =  - 

0203  4 

(5)  =-f  0-205  2 

(22; 

1  =  —  0  -001  7 

(39)  =  +0-484  8 

(56)  =  - 

0059  I 

(6)- -0-137  3 

(23 

1  =  +  0  -242  9 

(40)  =  —  0  -032  2 

(57)  =  + 

0-I39  4 

(7)  =  --0-378  6 

(24) 

1  =  —0-170  2 

(41)  =  -0-589  5 

(58)  =  1 

0-303  I 

(8)  =+0-276  3 

(25) 

I  =  —  0-142  4 

(42)  =+0-372  5 

(59)  =  - 

0  398  9 

(9)  =-0-542  9 

(26; 

1  =  +  0  -020  1 

(43)  =  -0-145  4 

(60)  =  + 

0-770  8 

(10)  =  -f  0-214  2 

(271 

1  =  +  0  -304  7 

(44)  =  +0-015  7 

(61)  =  + 

0*072  0 

( 1 1 )  =  -f  0  -010  7 

(28; 

1  =  +0-102  I 

(45)=      0-2955 

(62)  =  - 

0-193  I 

(12)  =  +0-367  3 

(29] 

I  =  —  0  016  I 

(46)  =  +  0  -250  5 

(63)  =  - 

0-521  2 

(13)  =  -0-049  3 

(.30: 

1  =  +  0  -277  2 

(47)  =+0 -447  7 

(64)  =  - 

0-353  6 

(14)=      00525 

(31; 

1  =  —  0  -130  4 

(48)  =+0-193  9 

(65)  =  - 

0-181  I 

(15)  =  -0-243  8 

(32; 

1  =  — 0-211  3 

(49)  =      0  -596  6 

(66)  =  + 

0-796  3 

(16)  =  -0-177  8 

(33! 

(  =  —  0*02I    5 

(50)  =  -0-415  9 

(67)  =  - 

0-281  6 

(i7)  =  +o-2 

«44  7 

(34) 

>  = +0-373   7 

(51)  =  +0-372  I 
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(d)  Adjusted  triangles,  Colorado  and  Utah, 


No.  Stations. 


Wasatch 

1  K  Tushar 
Mount  Nebo 

Mount  Ellen 

2  K  Tushar 
Wasatch 


Patmos  Head 
Wasatch 
Mount  Nebo 


Patmos  Head 
4  \   Mount  Ellen 
Wasatch 


Mount  Waas 
Mount  Ellen 
Patmos  Head 


Tavaputs 

6  \   Mount  Waas 
Patmos  Head 

Treasury  Mountain 

7  \   Mount  Waas 
Tavaputs 

Uncompahp^e 

8  \   Mount  Waas 
Tavaputs 

Uncompahgre 

9  \   Mount  Waas , 
Treasury  Mountain 


Observed  angles. 
113     25    30-994 

27   II   27  "322 

39  23  24  009 

22  325 

49  36  37*584 
55  56  25721 
74    27    30  -806 


Correc- 
tions. 


Spher- 
ical 


//  // 

— o  -342  30  -652 

—0-173  27-149 

— 0*167  23*842 


34 'HI 
39  09  44*055 
85  03  64*172 

55  46  34*190 

22  *4i7 
50  46  41  *235 
42  10  57  -209 
87  02  54  -028 


I 


*i9i  37*393 

'  o  -483  26  '204 

—0-071  30*735 

-0-417  43*638 

-0-241  63-931 

-rO-394  34*584 

ro  -356  41  *59i 

-o  -066  57  -275 

-^o  -655  54  -683 


57    39    60-416 

48  -581 
78  24  36-880 
50  48  50-327 
50  46  63-145 


Spher- 
ical 


angles,    excess. 


// 
7*215 
7*214 
7*214 

21  -643 
11*444 
11-444 
II  -444 

34  -332 
7*384 
7*385 
7*384 


22  *I53 
II  -183 
II  -183 
11*183 


32  472  33  "549 

66  55  25-275  I  —0-091  25-184  16-237 

55  25  22-890  '  -[-0-422  23*312  16 -236 


-0-203  60*213  16*236 

48-709 
-TO  285  37  165  10-540 
-7  o  -228  50  *555  10  -541 
f  0-757  63-902  10-541 


30-352  31622 

35  22  21-267  1-0-333  20-934  16448 

63  40  32-008  -0043  31*965  16-448 

80  57  56-256  -ro*i9o  56-446  16-449 


49*531  49*345 

31  54  61-396  -ro-293  61 -6S9  15*384 

98  16  41*255  I  -0-202  41*457  15*384 

49  48  62-843  j  -ho -163  63-006  15-384 


45  *494 
87  35  56  -060 

34  35  69-247 
57  48  39-644 

44*951 


46-152 
-0*114  55946  15-062 
^  0*244  69-491  15061 
ro-103  39-747  15*061 

45*184 


IX)g5. 


5  '215  521  5 

4  -912  716  I 

5  '055  349  2 

5  *055  349  2 
5  091  864  9 

5  *I57  427  5 

4*912  716  I 
5*110  737  8 
5  -029  765  2 

5  *09i  864  9 
5  *o29  765  2 

5  '202  170  6 

5  -202  170  6 

5  *I53  974  3 
5*165  215  2 

5  •153  974  3 
5  *052  264  3 

5  *o52  081  2 

5  *o52  o8i  2 
5-241  969  I 
5  -284  107  3 

5  -052  081  2 
5  -324  386  2 
5*211  992  4 

5  *284  107  3 
5  -038  702  o 
5*211  992  4 


Distances 
in  metres. 


64  256  13 
81  792  "99 
13  592  *39 

n  592  '39 
23  556-31 
43  690*32 

81  792  99 
29  043  98 

07  094  *02 

23  556-31 
07  094*02 

59  283  -42 

59  283  -42 

42  552  33 
46  290*19 

42  552  -33 
12  788*37 
12  740-81 

12  740-81 
74  569  80 

92  356-71 

12  740-81 
11  050-40 
62  926  74 

92  356-71 
09  320-60 

62  926*74 


TRANSCONTINENTAL  TRIANGULATION — PART  III — TRIANGULATION.      565 


((/)  Adjusted  triangles,  Colorado  and  Utah — Continued. 


No. 


10 


II 


12 


13 


14 


15 


16 


17 


18 


Stations. 


Treasury  Mountain 

Uncompahgre 

Tavaputs 

Uncompahgre 
Mount  Ellen 
Mount  Waas 

Mount  Ouray 
Uncompahgre 
Treasury  Mountain 

Mount  Elbert 
Uncompahgre 
Treasury  Mountain 

Mount  Elbert 
Mount  Ouray 
Treasury  Mountain 

Mount  Ouray 
Uncompahgre 
Mount  Elbert 

Bison 

Mount  Ouray 
Mount  Elbert 

Pikes  Peak 
Mount  Ouray 
Mount  Elbert 

Pikes  Peak 
Mount  Ouray 
Bison 


Observed  angles. 

93  10  60  '91 1 
55  40  54*664 
31  oS  53*413 


48-988 

17  00  39033 

19  00  53-888 

143  5«  63-143 


36-064 
60  29  29  -889 

53  06  52-451 
66  23  63  -819 


26  -159 

41  04  31  -845 

20  18  11-864 

"8  37  31  711 


15  '420 
92  45  10  -870 

35  01  34765 
52  13  27  -892 


13  '527 
95  30  64-654 
32  48  40-587 
51  40  39-025 

24  -266 

45  54  08-424 
48  32  23  -604 

85  33  43*664 

15*692 
38  34  44*096 

79  '3  59*376 
62  II  37-461 


20  -933 
72  24  49*894 
30  41  35*772 
76  53  50805 

16  -471 


Correc-     ^f^-  "Fear 
tions.             1 

angles,  excess. 

//              //  // 

—0-230    60681  16-126 

—0-408  54*256  16*126 

-f  o  -028  53  -441  16  126 

48  -378 

— o-ii8  38-915  II  -864 

— o  -015  53  -873  1 1  -864 

— o  -339  62  -804  1 1  -864 

35  *592 

—0-517  29372  8-518 

-f 0-109  52-560  8-518 

—0-197  63*622  8*518 


—0-790  31055 
—0-081  11*783 
—0*485  31  -226 


—  I 


25  *554 
4*688 

4*688 

4*688 


14*064 
-044  09  -826  3  -879 
-o  -557  34  '208  3  -880 
— o  -287  27  -605   3  -880 

II  -639 
—1-074  63-580  7-710 
4-0-190  40-777  7709 
—0-254    38*771       7*709 

23  -128 
— o  -702  07  722  5  -565 
-ho  -962  24  -566  5  -565 
4-0*743  44-407   5*565 

16-695 
4-0  -788  44  -884  V  *454 
40-444  59*820  7-454 
+0197    37*658      7*454 


22  -362 
4-0-013  49*907  5*377 
-0-518  35*254  5*377 
4-0-164  50*969   5*376 

16-130 


Log  J. 

5  -324  386  2 
5  -241  969  I 
5  -038  702  o 


Distances 
in  metres. 


211  050-40 
174  569*80 
109  320-60 


5-165  215  2  146  290-19 

5*211  992  4  162  926-74 

5-468  512  4  294  III  -77 

5  -038  702  o  109  320  -60 

5  -002  04*)  2  100  470  -89 

5  -061  114  8  115  110*46 

5  '038  702  o  109  320  *6o 

4*761  404  I  57  730*33 

5  *i64  501  4  146  049  -96 

5  -002  040  2  100  470  89 

4-761  404  I  57  730*33 

4  -900  390  3  79  504  -24 

5*164  501  4  146  049*96 

4  *90o  390  3  79  504  -24 

5  -061   114  8  T15  110-46 

4  -900  390  3  79  504  -24 

4  -918  899  9  82  965  -96 

5  -042  880  2  no  377  -41 

4  -900  390  3  79  504  -24 

5*097  790  9  125  253-81 

5-052  211  9  112  774*75 

5*042  880  2  no  377*41 

4  771  596  I  59  ioi  -iS 

5*052  211  9  112  774*75 
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No.  Stations. 

I  Bison 
Pikes  Peak 
Mount  Elbert 

Plateau 
20  {   Mount  Ouray 
Pikes  Peak 


21 


22  • 
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{d)  Adjusted  triangles,  Colorado  and  Utah — Completed. 

Correc-    ^V^T    ^Pil^f " 


Divide 
Pikes  Peak 
Bison 

Big  Springs 
Plateau 
Pikes  Peak 


Big  Springs 

23  {   Pikes  Peak 
Divide 

Plateau 

24  <   Corral  Bluffs 
Big  Springs 


Observed  angles. 


tions. 


ical 


ical 


angles,    excess. 


// 


// 


// 


// 


// 


122 

47 

59  229 

-0  -538 

58-691 

3-487 

33 

50 

05798 

-0  -775 

05  -023 

3-488 

23 

22 

06*203 
1 1  -230 

-ho  -546 

06-749 

3-488 

10  -463 

47 

45 

09-265 

-0-699 

08-566 

5  985 

25 

27 

45  -195 

4-0-161 

45-356 

5-985 

106 

47 

24  "245 

—0-213 

24  -032 

5-984 

18  705 

17  -954 

41 

30 

12-315 

-j-0-172 

12  -487 

2*574 

102 

17 

56  749 

+0-580 

57  329 

2*573 

36 

II 

57706 

-ho -199 

57*905 

2-574 

6770 

7-721 

64 

54 

17  *050 

—  I  -078 

15  "972 

2*543 

73 

43 

16-969 

0-593 

16-376 

2*544 

41 

22 

35  -922 

—0-640 

35  282 

2*543 

9  941 

7-630 

49 

12 

60-155 

-ho  -282 

60-437 

1-867 

37 

07 

13  190 

4  0  -259 

13-449 

1-867 

93 

39 

52  '070 
5  "415 

0-354 

51-716 

1-868 
5-602 

36 

53 

19-989 

-0  -328 

19  -661 

I  -290 

62 

35 

•   •  •  « 

•  «  •   • 

09-571 

I  290 

80 

31 

35  '434 

0-796 

34  -638 

I  290 

3  -870 

Log  J. 


Distances 
in  metres. 


5*097  790  9  125  253-81 

4-9188999  8296596 

4  -771  596  I  59  loi  -18 

5-052  211  9  112  774-75 

4-816  210  3  65  495-32 

5*163  930  8  145  858-19 

4  771  596  I  59  loi  -18 

4  -940  225  2  87  141  -54 

4  -721  592  2  52  673  -50 

4-816  210  3  65  495*32 

4  -841  504  2  69  423  -13 

4  *679  473  4  47  805  -01 

4  -721  592  2  52  673  50 

4  -623  059  o  41  981  -60 

4  -841  504  2  69  423  13 


4  '509  545  8 


32  325  -54 
47  805  -oi 

53  118-13 


{e)  Precision  of  the  adjusted  triangtilation. 

For  a  close  estimate  of  the  precision  of  the  Rocky  Mountain  series  of  triangles,  we 
find  first  the  mean  error  of  an  angle  resulting  from  the  adjustment  by  the  expression 

m  =  ^     L/^A,  in  which  p  may  be  taken  as  unity,  [vv]  =  6*09,  and  c  =  28;  hence  m  = 

zbo"-66. 

The  probable  error  in  length  of  any  line  of  the  series  due  to  the  angular  measures 
is  found  by  the  usual  formulae — 

% 

«a„  =  %  (^a  J  -'  ^:;?  1^1  -h  SJj,  --  (5 J]  and  e„^  =  0-674  S^n  v^ 

We  will  find  first  the  probable  error  in  length  of  the  line  Tavaputs- Mount  Waas, 
which  is  about  midway  between  the  two  base  nets.     Starting  from  the  side  Divide  to 


nmlnievM  Trianifuliilimi 
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Big  Springs  of  the  El  Paso  Base  Net,  we  have  6^^  =  yse,  JS  =  85*0  (eight  triangles), 
^a„  =  ±o'87  metre,  ^6  =  zfco'32  metre,  and  ^,  =  ±0*93  metre.     Starting  from  the 

side  Ibepah-Mount  Nebo  of  the  Salt  Lake  Base  Net,  2  =  31-5  (six  triangles),  eg  = 

g  g 
dio'53   metre,    ^6=  ±0-41    metre,   and  ^,=  ±0*67.      €=   -^»--=  ±0*547  metre 

V^  +  ^j 

which  is  about  ^■^■^^■^^■^  part  of  the  length. 

For  the  effect  on  the  developed  length  of  the  arc  we  have  approximately,  the 
distances  being  measured  between  the  middle  points  of  the  terminal  lines  projected 
onto  the  thirty-ninth  parallel: 

Terminal  lines.  Distance.         Probable  errors.  Average. 

km.  yn. 

Divide  to  Big  Springs  and  Tavaputs  to 

Mount  Waas  410-0         ^^^^  and  a^y^^inr  iso^ooo  ±1  "58 

Tavaputs  to  Mount  Waas  and  Ibepah  to 
Mount  Nebo.  322  7  aog^ooo  and  rrshm         irrSnnr         ^i  *37 


732  7  ±2  '95 

(y*)  Description  of  triangtdation  statio7is, 

Wasatch,  Sanpete  County,  Utah;  established  in  1882  by  W.  Eimbeck.  This  station 
is  located  in  the  mountains,  situated  just  west  of  Castle  Valley,  known  locally  as  the 
Wasatch  Range.  It  is  about  18  miles  east  of  the  town  of  Mayfield,  on  a  small  table 
in  the  southern  part  of  the  range,  situated  between  the  heads  of  the  North  Fork  of 
Muddy  Creek  and  the  South  Fork  of  Ferron  Creek. 

The  geodetic  point  is  marked  by  a  three-fourths-inch  copper  bolt  leaded  into  a 
common  limestone  rock.  In  1890  an  additional  bolt,  3>^  inches  long,  was  set  on  top 
of  the  old  bolt  and  securely  cemented  in  position,  in  order  to  make  the  mark  more 
easily  referred  to.  Around  and  over  this  was  built  a  brick  foundation  pier  for  the 
theodolite,  surrounded  by  a  circular  stone  wall,  with  inner  diameter  of  iij^  feet 
concentric  to  the  station  bolt,  which  was  left  standing.  Reference  marks  are  four 
bricks  set  on  end,  tops  flush  with  surface  of  the  ground,  just  outside  the  ring  wall, 
with  holes  drilled  in  the  tops  and  filled  with  plaster  of  Paris;  one  north  15°  34'  west, 
distant  8*25  feet;  one  south  54°  2i'-5  east,  distant  7*62  feet;  one  south  32°  12'  west, 
distant  7*88  feet,  and  one  north  88°  21'  west,  distant  7*62  feet,  from  the  geodetic  point. 

Mount  Ellen,  Garfield  County,  Utah;  established  in  1882  by  W.  Eimbeck.  This 
station  is  located  on  the  northern  summit  of  the  Henry  Mountains,  about  18  miles  south 
of  Blue  Valley,  Grand  County.  Mount  Ellen  is  a  rounded  conical-shaped  peak  covered 
with  sharp  irregular-shaped  granite  rocks,  extending  for  i  000  feet  below  its  summit.  It 
can  be  most  readily  approached  by  wagon  road  and  trail  from  White's  ranch,  on  the 
north  side  of  Fremont  River,  in  Blue  Valley.  The  geodetic  point  is  marked  by  a  copper 
bolt  set  in  a  rock,  which  is  itself  embedded  in  the  .rock  and  dirt  composing  the  peak. 
Around  and  over  this  was  built  the  stone  and  brick  foundation  pier  for  the  theodolite, 
capped  with  a  stone  slab,  having  a  three-fourths-inch  drill  hole  through  it  as  a  surface 
mark.  This  was  surrounded  by  the  usual  stone  ring  wall,  11  feet  inner  diameter, 
concentric  with  the  station  bolt,  which  was  left  standing.     Reference  marks  are  3  drill 
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holes,  filled  with  plaster  of  Paris,  in  solid  surface  rock  just  outside  the  ring  wall— one 
south  23°  35'  west,  distant  7*9  feet;  one  north  35°  15'  west,  distant  8  feet,  and  one 
north  83°  34'  east,  distant  7*85  feet,  from  the  geodetic  point.  The  ring  wall  around  the 
vertical  circle  station  bearing  north  38°  44'  west,  distant  i8"6  feet,  and  the  latitude  pier 
bearing  south  5°  21'  west,  distant  49*3  feet,  were  also  left  standing. 

Patmos  Head,  Emery  County,  Utah;  established  in  1882  b}'  W.  Eimbeck.  This 
station  is  situated  in  a  range  of  mountains  known  as  the  West  Tavaputs  Plateau,  about 
1 2 '5  miles  north  72° '5  east  from  Sunnyside,  a  station  on  the  Rio  Grande  Western  Rail- 
road. These  mountains  are  known  as  "tables,"  and  have  a  general  trend  somewhat 
west  of  north.     The  station  is  located  on  the  highest  point  within  several  miles. 

The  geodetic  point  is  marked  by  a  copper  bolt  in  a  rock  bedded  in  the  ground, 
around  and  over  which  was  built  the  stone  foundation  pier  for  the  theodolite,  capped  with 
a  stone  slab  liaving  a  drill  hole  through  it,  as  a  surface  mark.  The  copper  lx)lt  is  about 
8>^  inches  below  the  drill  hole.  Around  this  was  built  the  usual  circular  ring  wall,  11 
feet  inner  diameter,  concentric  to  the  station  bolt,  which  was  left  standing.  Reference 
marks  are  drill  hole  in  l^edded  rock  north  53°  16'  east,  distant  8*5  feet;  drill  hole  in 
bedded  rock  south  32°  53'  east,  distant  8*58  feet:  copper  bolt  south  16°  44'  east,  distant 
11*33  ^^^^\  and  stump  of  tree  north  89°  54'  west,  distant  1 1  feet,  from  the  geodetic  point. 

Mount  Waas,  Grand  County,  Utah;  established  in  1890  by  W.  Eimbeck.  This 
station  is  located  on  the  third  principal  prominent  peak  from  the  north  end  of  the  La 
Sal  Mountains  situated  a  short  distance  to  the  eastward  of  Grand  River  Valley.  It  is 
about  10  miles  west  of  the  boundary  line  between  the  States  of  Utah  and  Colorado  and 
about  40  miles  southeast  from  Thompson  station,  on  the  Rio  Grande  Western  Railroad. 
The  geodetic  point  is  marked  by  a  cross  cut  on  a  copper  bolt  set  in  a  stone  slab  cemented 
to  the  bed  rock,  around  and  over  which  was  built  the  stone  foundation  pier  for  the  theod- 
oUte.  It  was  surrounded  by  the  usual  circular  stone  ring  wall,  10  feet  inner  diameter 
concentric  with  the  station  bolt,  which  wall  was  left  standing.  Reference  marks  are  4 
drill  holes,  filled  with  plaster  of  Paris,  just  outside  the  ring-wall;  one  north  75°  41'  west, 
distant  7*5  feet;  one  north  6°  37'  east,  distant  7*15  feet;  one  south  84°  15' east,  distant 
7*25  feet,  and  one  south  3°  58'  west,  distant  7*35  feet,  from  the  geodetic  point. 

Tavaputs,  Garfield  County,  Colorado;  established  in  1890  by  W.  Eimbeck.  This 
station  is  located  on  the  southern  edge  of  Book  Mountains,  about  3  miles  east  of  the 
boundary  line  between  the  States  of  Utah  and  Colorado,  about  three-fourths  of  a  mile 
to  the  eastward  of  Bitter  Creek,  and  about  3  miles  to  the  westward  of  West  Salt  Wash 
Creek;  both  creeks  having  their  source  a  few  miles  north  of  the  station.  Fruita,  a  town 
on  the  Rio  Grande  Western  Railroad,  distant  about  30  miles  in  an  air  line  in  a  south- 
southeast  direction,  is  the  nearest  railroad  station  and  the  readiest  means  of  approach. 
The  geodetic  point  is  marked  by  a  copper  bolt  set  in  a  rock  embedded  in  the  ground, 
around  and  over  which  was  built  the  masonry  foundation  pier  for  the  theodolite.  The 
pier  was  capped  with  a  stone  slab  having  a  drill  hole  in  the  center,  filled  with  plaster  of 
Paris,  7^<^  inches  above  the  copper  bolt,  as  a  surface  mark.  This  was  surrounded  by  the 
usual  circular  stone  ring- wall,  11  feet  inner  diameter  concentric  with  the  station  bolt, 
which  was  left  standing.  Reference  marks  are  3  drill  holes,  filled  with  plaster  of  Paris; 
one  south  37°  48'  east,  distant  7*96  feet;  one  south  74°  41'  west,  distant  7*96  feet,  and 
one  north  16°  31'  east,  distant  7*88  feet,  from  the  geodetic  point.  The  brick  astronomical 
pier,  bearing  north  8°  25'  west,  distant  63  feet,  was  also  left  standing. 

Uyicompahgre ,  Hinsdale  County,  Colorado;  CvStablished  in  1890  by  W.  Eimbeck. 
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This  station  is  on  the  summit  of  Uncompahgre  Peak,  Uncompahgre  Mountains,  one  of 
the  most  prominent  and  best  known  peaks  in  southwestern  Colorado.  The  summit  is 
inaccessible  except  from  the  south  side.  Lake  City,  the  terminus  of  a  branch  of  the 
Denver  and  Rio  Grande  Railroad  leaving  the  main  road  at  Sapinero,  distant  about 
8  miles,  air  line,  southeast  from  the  peak,  is  the  nearest  and  most  convenient  railroad 
town.  The  geodetic  point  is  on  the  north  side  of  the  summit  about  ro  feet  from  the 
edge  of  the  perpendicular  cliff  of  which  this  side  of  the  mountain  consists,  and  is  marked 
by  a  cross  cut  in  top  of  a  half-inch  copper  bolt  leaded  into  the  solid  rock.  The  surface 
mark  is  a  half-inch  hole  in  a  brick  cemented  into  the  top  of  the  masonry  foundation 
pier,  for  the  theodolite,  built  around  and  over  the  station  bolt.  The  top  of  the  brick  is 
4  inches  above  the  bolt.  The  usual  circular  stone  ring  wall,  inner  diameter  11  feet 
concentric  with  station  bolt,  was  left  standing.  Reference  marks  are  4  drill  holes  in  the 
solid  rock,  filled  with  lead;  one  south  89°  58'  west,  distant  9*35  feet;  one  north  o*'  11' 
west,  distant  8*71  feet;  one  north  89°  56'  west,  distant  9*4  feet,  and  one  south  3°  37' 
west,  distant  8*12  feet,  from  the  geodetic  point.  The  brick  latitude  pier,  bearing  south 
54°  05'  east,  distant  50*11  feet,  and  the  stone  pendulum  house,  bearing  south  28°  26' 
east,  distant  134*15  feet,  were  also  left  standing. 

Treasury  Mountaiji,  Gunnison  County,  Colorado;  established  in  1890  by  W.  Eim- 
beck.  This  station  is  on  the  summit  of  Treasury  Mountain,  a  prominent  peak  in  the 
Elk  Mountain  Range,  about  2  miles  southeast  of  the  mining  town  of  Crystal  and 
about  10  miles,  air  line,  northw^est  from  the  town  of  Crested  Butte,  the  terminus  of  a 
branch  of  the  Denver  and  Rio  Grande  Railroad  from  Gunnison.  The  north  side  of  the 
mountain  is  a  precipitous  cliff,  dipping  at  an  angle  of  about  70°  for  fully  2  000  feet  to 
the  head  of  Crystal  Basin.  About  500  feet  to  the  west  and  150  feet  below^  the  station 
is  the  entrance  to  the  '  *  Eureka ' '  silver  mine.  The  geodetic  point  is  marked  by  a  half- 
inch  copper  bolt  set  in  the  solid  rock.  The  surface  mark  is  a  brick,  having  a  half -inch 
hole  in  the  center  filled  with  plaster  of  Paris,  cemented  in  the  top  of  the  masonry 
foundation  pier,  for  the  theodolite,  built  around  and  over  the  copper  bolt.  The  top  of 
the  brick  is  6J^  inches  above  the  bolt.  The  usual  circular  stone  ring  wall,  inner  diameter 
10  feet,  concentric  with  the  station  bolt,  was  left  standing.  Reference  marks  are  4  drill 
holes  filled  with  plaster  of  Paris;  one  north  2°  40'  west,  distant  7*85  feet;  one  north 
87°  10'  east,  distant  7*58  feet;  one  south  8°  35'  east,  distant  7*38  feet,  and  one  south 
81°  45'  west,  distant  7*83  feet,  from  the  geodetic  point.  The  brick  latitude  pier,  bearing 
south  32^  10'  east,  distant  102*13  ^^^^.  was  also  left  standing. 

Mount  Ouray,  Saguache  County,  Colorado;  established  in  1893  t>y  W.  Eimbeck. 
This  station  is  on  the  summit  of  Mount  Ouray,  on  the  *' Great  Continental  Divide," 
about  2^  miles  in  a  northeasterly  direction  from  Marshall  Pass  railroad  station,  the 
highest  point  on  the  Denver  and  Rio  Grande  (narrow  gauge)  Railroad,  from  which 
point  the  station  is  most  readily  reached  by  pack  trail  about  5^  miles  long. 

The  geodetic  point  is  marked  by  a  cross  on  top  of  a  five-eighths-inch  copper  bolt 
leaded  into  the  solid  rock.  The  surface  mark  is  a  brick,  with  a  five-eighths-inch  drill 
hole  in  its  center  filled  with  charcoal  dust  covered  with  plaster  of  Paris,  set  north  and 
south  in  concrete  in  the  top  of  the  masonry  foundation  pier,  for  the  theodolite,  built 
around  and  over  the  station  bolt.  The  top  of  the  brick  is  i2f^  inches  above  the  bolt. 
The  usual  circular  stone  ring  wall,  1 1  feet  inner  diameter  concentric  with  the  bolt,  was 
left  standing.  Reference  marks  are  drill  holes  filled  with  plaster  of  Paris,  in  the  ends 
of  four  bricks  set  in  concrete  just  outside  the  ring  wall ;  one  north  6°  11'  east,  distant 
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9  feet;  one  south  84°  06'  east,  distant  8*95  feet;  one  south  5°  31'  west,  distant  9*02 
feet;  and  one  north  83^  14'  west,  distant  9*2  feet,  from  the  geodetic  point.  The  brick 
latitude  pier,  bearing  north  8°  23'  east,  distant  67.3  feet,  was  also  left  standing. 

Mount  Elbert,  Saguache  County,  Colorado;  established  in  1894  ^Y  W.  Eimbeck. 
This  station  is  on  the  summit  of  the  well-known  peak  called  Mount  Elbert,  on  the 
eastern  edge  of  the  Saguache  Range,  distant  about  12  J4  miles  southwest  from  Leadville. 
It  can  best  be  reached  by  good  wagon  roads  from  the  post-oflBce  *  *  Twin  Lakes, '  *  called 
Dayton  on  the  maps,  situated  at  the  southeastern  base  of  the  mountain,  17  miles  from 
Leadville  and  9  miles  from  Granite,  a  small  mining  town  on  the  Denver  and  Rio  Grande 
and  Colorado  Midland  railroads.  The  summit,  which  is  covered  with  snow  during  the 
greater  part  of  the  year,  can  be  reached  by  a  good  pack  trail,  7  miles  long,  from  Twin 
Lakes  post-ofl5ce.  The  geodetic  point  is  marked  by  a  cross  on  a  three-eighths-inch 
copper  bolt  leaded  into  a  large  surface  rock.  The  surface  mark  is  a  hole  drilled  in  a 
rock  embedded  in  the  top  of  the  masonry  foundation  pier,  for  the  theodolite,  built 
around  and  over  the  copper  bolt,  the  top  of  this  rock  being  5^^  inches  above  the  bolt. 
A  rock  protection  wall,  8  feet  square  on  the  inside  and  2  feet  thick,  with  opening  to 
the  north  built  around  the  station  bolt,  was  left  standing.  Reference  marks  are  four 
stones  with  holes  drilled  in  them  set  approximately  north,  east,  south,  and  west,  under 
the  protection  wall,  each  distant  5  feet  from  the  geodetic  point. 

Bison,  Park  County,  Colorado;  established  in  1894  ^y  W.  Eimbeck.  This  station 
is  on  the  highest  point  of  the  King  Peak  of  the  Tarry  all  Range,  between  Tarry  all  and 
Goose  creeks,  close  to  the  ninth  guide  meridian  west,  in  township  9  south.  It  can  be 
reached  by  trail,  5  or  6  miles  long,  from  Mountaindale  post-ofl5ce,  which  is  27  miles  south- 
east from  Jefferson,  a  station  on  the  Denver,  Lakewood  and  Golden  branch  of  the  Union 
Pacific  Railroad,  and  25  miles  northwest  from  Florissant,  a  station  on  the  Colorado 
Midland  Railroad.  The  geodetic  point  was  marked  as  follows:  The  surface  of  the 
rough  granite  was  removed  to  a  depth  of  about  6  inches,  giving  an  approximately  level 
space  of  2  feet  in  diameter,  in  the  center  of  which  a  wire  nail  was  set,  point  upward,  in 
a  drill  hole  2  inches  deep  and  filled  around  with  lead,  leaving  the  point  projecting  three- 
eighths  of  an  inch.  Over  this  was  built  a  rough  pier  of  masonry  for  mounting  the 
theodolite.  Four  holes  were  drilled  bearing  azimuths  0°,  180°,  240°,  and  300°,  in  each 
of  which  seven  6-inch  spikes  for  attaching  the  tent  guys,  and  which  will  serve  as  reference 
marks,  were  driven  and  filled  around  with  plaster  of  Paris. 

Pikes  Peak,  El  Paso  County,  Colorado;  established  in  1879  by  O.  H.  Tittmann. 
This  station  is  on  the  summit  of  the  well  known  Pikes  Peak,  situated  about  12  miles  west  of 
Colorado  Springs  and  about  65  miles  nearly  south  of  Denver.  The  top  of  the  peak,  which 
is  flat  and  nearly  level,  is  a  Government  reservation  covering  many  acres,  to  which  easy 
access  may  be  had  by  means  of  the  Manitou  and  Pikes  Peak  cog  railway.  In  1 894  this  sta- 
tion was  incorporated  in  the  main  scheme  of  triangulation  coming  from  the  west,  and  the 
geodetic  point  was  re-uiarked  by  a  wire  nail, point  upward, projecting  about  one-fourth  inch 
above  the  surface.  It  was  leaded  into  a  drill  hole  in  the  concrete  foundation  of  the  masonry 
pier,  1 2  '8  feet  high,  on  which  the  theodohte  was  subsequently  mounted.  As  left  standing 
in  1895  after  the  occupation  of  the  station, the  top  of  this  pier  was  8  feet  10  inches  above 
the  point  of  the  wire  nail,  covered  with  a  triangular  capstone  having  a  drill  hole  in  its 
center  in  the  vertical  of  the  station  mark.  Reference  marks  are  the  south  chimney  of  the 
new  signal  service  building  south  75°  41'  east,  distant  525*26  feet;  the  northwest  comer 
of  the  old  signal  ser\4ce  building — now  (1895)  used  as  a  stable — nearly  southeast,  distant 
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177*4  ^^t»  ^^^  ^^^  latitude  pier  north  88**  42'  west,  distant  18 'ii  feet,  from  the  geodetic 
point.  The  nearest  point  of  the  bluff  in  a  north-northwest  direction  is  about  72  feet  distant. 
Plateau,  Pueblo  County,  Colorado;  established  in  1894  ^Y  W.  Eimbeck.  This 
station  is  on  M.  Steele's  ranch,  on  the  highest  ground  at  the  north  end  of  a  high 
plateau  about  9  miles  north-northeast  from  Pueblo  and  3}^  miles  northeast  from 
Overton,  Colorado.  The  geodetic  point  is  marked  by  a  half -gallon  stone  jug  buried  3 
feet  below  the  surface  of  the  ground,  over  which,  as  a  subsurface  mark,  an  inverted 
milk  crock  is  placed,  with  a  small  hole  drilled  in  the  bottom.  The  crock  is  2*9  feet 
below  the  surface.  The  surface  mark  is,  a  granite  post  dressed  to  6  inches  square  at 
the  top,  having  two  rectangular  V-shaped  grooves  and  the  letters  U.S.C.S.  cut  on  the 
upper  surface.  The  intersection  of  the  grooves  marks  the  geodetic  point.  Reference 
marks  are  two  posts  of  lava  stone  set  nearly  in  the  meridian  of  the  station,  one  9*96 
feet  north  and  one  9  83  feet  south  of  the  geodetic  point.  Each  post  is  6  inches  square 
and  marked  on  top  with  a  single  diagonal  groove  terminating  in  an  arrowhead  which 
points  toward  the  center  of  the  station.  There  is  a  wire  fence,  marking  the  eastern 
boundary  of  Steele's  property,  just  east  of  the  station.  The  geodetic  point  is  252*9 
feet  from  the  north  gatepost  in  this  fence,  and  168  feet  from  the  second  solid  fence  post 
north  of  the  gatepost,  where  there  is  a  slight  angle  to  the  northward  in  the  fence. 

10.    THK   NEVADA  SERIES   OF  TRIANGLES,   1878-79-80-81-82-83,   1885,   1887,   189O. 

{a)  Introduction, 

This  section  of  the  survey  reaches  from  the  Salt  Lake  Base  in  Utah  to  the  Yolo 
Base  in  California;  or,  in  other  words,  extends  from  the  Wasatch  Range  on  the  east  to 
the  Coast  Range  on  the  west.  We  meet  here  with  a  distinct  change  of  physical  aspect 
and  conditions  from  those  characterizing  the  preceding  section.  Assistant  Eimbeck 
remarks:  The  mountains  of  western  Utah  and  of  Nevada  are  neither  so  prominent  nor 
so  densely  packed  together  as  those  of  central  and  western  Colorado.  They  are 
remarkable  chiefly  for  parallelism  and  uniformity  in  an  approximate  northerly  and 
southerly  trend.  These  singular  ranges,  with  their  features  preser\'ed  for  a  hundred 
miles,  appear  like  solidified  waves  crested  through  folding.  The  corrugations,  or 
parallel  ranges,  seem  to  follow  each  other  at  regular  inter\'als  throughout  that  large 
expanse  of  the  State  here  under  special  consideration.  While  the  valleys  are  nearly 
level  and  between  5  000  and  6  000  feet  above  the  sea,  the  ridges  rise  on  the  average  to 
over  10  000  feet  (or  3  150  metres,  nearly)  and  culminate  at  Wheeler  Peak  at  an 
altitude  of  over  13  000  feet  (3  973  metres,  nearly).  Their  profile  or  crest  lines  are 
rugged  and  rocky  and  in  some  instances  difficult  of  accCvSS.  Though  the  topography 
may  be  intricate  in  ascending  one  of  the  transverse  canyons,  nearly  ever>'  one  of  the 
stations  was  found  to  have  an  accessible  slope.  Excepting  a  few  valleys  in  Utah  and  in 
west  Nevada  along  the  Carson  and  Humboldt,  put  partly  under  cultivation  by  irrigation, 
this  entire  basin  is  an  arid  and  barren  waste,  irredeemable  for  want  of  flowing  water; 
little  or  none  is  found  anywhere  except  in  the  rills  coming  down  from  timber  patches 
and  meadows  of  the  uplands  of  the  most  prominent  ranges.  The  lower  declivities  of 
the  ranges  and  the  intervening  low  alkali  lands  covered  with  sage  brush  are  equally 
sterile.  The  general  aspect  of  the  country  is  dull  and  monotonous.  Only  between 
the  7  000  and  11  000  feet  levels  are  to  \^  found  an  assemblage  of  clusters  of  pines, 
alpine  meadows,   and  water  supply  from  springs  or  melting  snow.     Except  for  an 
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ocx:asional  well  dug  at  some  way  station,  stretches  of  country  from  40  to  60  miles  would 
be  without  water.  The  only  available  railroad  is  the  Central  Pacific  with  its  short 
branches,  but  it  lies  far  to  the  north  of  the  triangulation.  To  the  westward  of  the 
Sierra  Nevada,  upon  which  three  stations  are  located,  the  triangulation  stretches  across 
the  flat  valleys  of  the  Sacramento  and  San  Joaquin  to  the  Diablo  Range  of  mountains. 
As  was  the  case  with  the  Rocky  Mountain  section,  the  great  drawback  in  the  prosecution 
of  the  work  was  the  want  of  means  for  the  transportation  of  the  material  and  supplies 
for  men  and  beasts;  quite  frequently  it  became  necessary,  while  traveling  from  station 
to  station,  to  carry  a  full  supply  of  water  and  fodder  for  the  horses  and  mules.  Roads 
and  pack  trails  had  to  be  built  as  soon  as  the  base  of  the  range  was  reached.  The 
preparation  of  the  mountain  top  for  location  of  the  camp,  and  the  building  of  the 
foundation  and  wall  of  the  station  for  the  mounting  and  protection  of  the  great 
theodolite,  usually  required  much  heavy  rock  work  and  occasionally  blasting.  The 
circum valla tion,  while  affording  shelter,  was  needed  for  safety  against  the  icy  blasts  .of 
storms.  The  mode  of  living  in  these  desolate  mountains  was  that  of  the  pioneer, 
diversified  by  many  toilsome  and  dangerous  climbs  and  trials  of  patience.  Much  that 
has  been  said  respecting  the  movements  of  the  party,  its  organization,  labor,  exposure, 
and  work  in  the  Rocky  Mountain  section  applies  also  to  the  Nevada-California  section. 

The  possibility  of  carrying  out  successfully  a  triangulation  on  the  largest  scale 
conformable  to  the  natural  topographic  features  of  the  country  was  established,  attaining 
as  well  the  practical  solution  of  the  problem  demanded  by  the  trigonometric  connection 
of  that  part  of  the  coast  of  California  which  lies  in  the  vicinity  of  latitude  39°  with  the 
crest  of  the  Sierra  Nevada  lying  opposite  to  it.  In  1874-75  Assistant  W.  Eimbeck  was 
directed  to  make  a  reconnaissance  for  a  main  and  subordinate  triangulation  over  this 
region;  his  work  extends  from  Monterey  Bay  on  the  soutli  to  Mount  Shasta  to  the 
north,  and  eastward  as  far  as  the  Walker  and  Pyramid  lakes  in  Nevada.  Here  we  find 
laid  out  the  great  figure  known  afterwards  as  the  "Davidson  quadrilateral,"  after  Assist- 
ant G.  Davidson,  who  directed  its  measurement.  The  reconnoissance  farther  to  the 
eastward  was  prosecuted  by  Assistant  A.  F.  Rodgers,  who  in  1878  had  completed  the 
scheme  of  triangles,  on  the  same  large  scale,  stretching  across  the  remainder  of  Nevada  and 
terminating  at  Mount  Nebo  of  the  Wasatch  Range  in  Utah.  This  includes  what  is  known 
as  the  "Great  Hexagon,  * '  which  has  Wheeler  Peak  (Nevada)  for  its  central  point  and  com- 
prises 53  690  square  kilometres,  or  20  730  square  statute  miles  ;  adjacent  to  it  to  the  west 
is  another  hexagon  around  the  station  Toiyal^e  Dome  of  but  slightly  inferior  dimensions. 

The  instruments  and  methods  of  obser\'ing  were  the  same  as  in  the  Rocky  Mountain 
section.  The  whole  work  was  carried  out  by  Assistant  W.  Eimbeck  or  under  his  direct 
supervision.  On  an  average  two  stations  were  occupied  in  a  season — the  occupation  of 
each  requiring  about  two  months.  The  seasons,  which  were  rather  irregular,  covered 
the  time  from  May  to  December,  the  more  favorable  interval  being  from  June  to 
November.  Scarcely  a  season  passed  without  the  party  having  iDeen  weather-bound  by 
storms  in  October ;  while  engaged  upon  the  work  on  Wheeler  Peak  *  the  party  was 
practically  buried  in  a  snowdrift  10  and  12  feet  deep,  the  temperature  of  the  air  sunk 
to  20°  below  zero  Fahrenheit, f  and  in  order  that  the  observ^ations  upon  the  distant  stations 


♦At  this  station  (in  1S82)  the  brilliancy  of  the  reflected  moonlight  suggested  to  the  observer  the  selenotrope  for 
occasional  use  at  night;  it  was  experimented  with  at  stations  Pioche  and  Nebo. 

t  Mr.  Eimbeck  states  "  the  high  snowdrifts  which  covered  the  living  tents  to  within  a  foot  or  two  of  the  ai>ex  saved 
the  party  from  freezing  to  death." 
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might  be  continued,  deep  and  broad  trenches  had  to  be  cut  through  the  snowdrifts  in 
the  hne  of  sight.  The  party  as  well  as  the  heliotropers  at  Tushar,  Ibepah,  and  Mount 
Nebo  suffered  much  from  the  intensity  of  this  cold  wave,  and  the  vakie  of  the  sendees 
of  these  men,  two  at  each  station,  can  not  be  overestimated. 

The  equalization  of  the  number  of  measures  of  horizontal  directions  at  a  station 
taken  in  the  forenoon  and  in  the  afternoon  was  first  put  into  execution  in  1880  in  this 
section ;  its  purpose  was  to  eliminate  any  effect  of  unequal  heating  of  the  theodolite 
as  well  as  to  provide  against  possible  lateral  refraction  along  the  lines  of  sight.  Obser- 
vations of  zenith  distances  were  made  at  three  different  periods  of  the  day,  as  stated  in 
the  case  of  the  Rocky  Mountain  work. 

Between  the  middle  of  the  line  Mount  Nebo  to  Ibepah  and  the  middle  of  the 
line  Mount  Helena  to  Mount  Diablo  there  is  a  distance  of  about  850  kilometres  or  528 
statute  miles. 


(^)  Abstract  of  resulting  horizo7ital  directions  at  each  station  from  local  and  from  figure 

adjustment. 

Mount  Diablo^  Contra  Costa  County,  Cahfornia.  June  25  to  September  8,  1876.  50-centimetre  theodo- 
lite, No.  5.  G.  Davidson,  C.  Rockwell,  and  W.  Eimbeck,  observers.  November  14  to  December 
29,1884.  50-centimetre  theodolite,. No.  115.  R.  A.  Marr,  observer.  G.  Davidson,  chief  of  party. 
June  28  to  July  19,  1892.     50-centimetre  theodolite,  No.  115.     G.  Davidson,  observer. 


No.  of 
direc- 
tion. 


2 

3 


Objects  observed. 


Resulting^  direc- 
tions from  station 
adjustment. 


// 


Approxi- 
mate 

probable 
error. 


// 


Reduc- 
tion to 
sea  level. 


// 


Correc-     *;^,?r^^f:^     Final 
Result-       tions        *  We  ^^  seconds 
ing  sec-   from  base-       «„,!  '" 

onds.        net  ad-     ^  ,     triangu- 

justment.    jj^t^.^nt.    l^^^^"' 


// 


// 


// 


// 


Mount  Helena 

Monticello 

Vaca 


20     19    59*505 
Azimuth  Mark  (  C  i   yton )    25     49     17*204 


o    oo    oo'ooo  r-o"o66     —0*082     59  "918  — 0*645 
20     03     30*643       0*090     — 0032     30*611       0*I02 

0*098     —0*024    59*481   -1-0*319 


•   •   •  • 


59  "273 
30*509 
59 '^^oo 


j  o*i 
1*0  •' 


Yolo  Northwest  Base 
Marysville  Butte 
Yolo  Southeast  Base 
Mount  Lola 
Pine  Hill 
Round  Top 
Mount  Conness 

Mocho 

Loma  Prieta 
Sierra  Morena 
Mount  Tamalpais 
Ross  Mountain 


38  39  09*129 

38  40  30  -881 

43  24  20*921 

73  06  31*834 

76  14  00  -524 


092 

074 
0*115 

0*094 


— o'oio     17*194 


97    32    04*551 
122     21     10*679    to  062     4-0*029 


0*000  09*129  -jo  "086 

4-0  *oo5  30  "886    

*o*io6   o'ooo  20*921  -f  0*524 

0*089     -:-o*i85  32*019         

o  *io6      f  o  043  00  '567         

0*107     -1-0*181  04*732         


180     16     12  -207 


(*o*iii 

\  — o  080 

Ifo  *o62 


211 


10  *7o8 
12  -127 

06*393 


....  09*215 

21*445 

~o'2o6  31  *8i3 

•   ••*  •••• 

— o  035  04  -697 

+0-345  11*053 

-f  0*004  12*131 


22  06*404  *o*o84  — O'OII 

249     16  39  *858  *o  -092  -fo  -046    39  '904         

310     12  09*226  0*095  — o*oo8  09*218  —0*047 

339    08  13*637  *o*o87  -0*042  13-595 


09*171 


Mean         -^  "023 
Probable  error  of  a  single  observation  of  a  direction  (/?.  and  .^. )  =  zt=  o^^"]i. 


♦The  directions  markc<l  by  a  *  depend  on  the  probable  error  ±0" "074  of  the  Azimuth  Mark  during  the  second 
occupation. 

fThe  directions  marked  by  a  f  depend  on  the  probable  error  ±  of' '062  of  Mocho  during  the  third  occupation. 
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(^)  Abstract  of  restUting  horizontal  directions  at  each  station  from  local  and  from  figure 

adjustment — Continued. 

Mount  Helena^  Napa  County,  California.  September  23  to  November  26, 1876.  50-centimetre  theod- 
olite, No.  5.  G.  Davidson  and  W.  Eimbeck,  observers.  August  14  to  August  21,  1891.  50-centi- 
metre theodolite,  No.  115.     E.  F.  Dickins,  observer. 


No.  of 
direc- 
tion. 


ObjectJ*  observed. 


Resulting  di««.      APPJ^^"- 

tions  from  station    «  " k«ki« 

adjustment.  "S^Sr 


Reduc- 
tion to 
sea  level. 


Correc-    *ijSlTvS"«,    F»naJ 
Result-       tions       ^^Sf'VS?'  seconds 
ing  sec-  from  base-    ^f^i*"  in 

onds.       net  ad-       fi-vjjlroj    triangu- 
ju.tme„t.    ^«^^l    Utiol'. 


// 


// 


ff 


// 


// 


// 


5 
6 


Mount  Diablo 
Mount  Tamalpais 
Ross  Mountain 
Cold  Spring 
Mount  Sanhedrin 
Snow  Mountain  West 
Snow  Mountain  East 


o 

33 
102 

153 

193 
208 

208 


Azimuth  Mark  (Woods)  225 


Marysville  Butte 
Mount  Lola 
Pine  Hill 
Round  Top 
Monticello 
Vaca 


265 
281 

303 
305 
306 

340 


00  OO'OOO 

43  57 '142 

52  47*356 

08  42  -324 

02  53*251 

09  11-511 
37  44*912 
16  49*643 
31  14  *523 
54  43*341 
14  10  "280 

18  41  -177 

46  16  -071 

03  44*142 


±0-058 
0-071 


0-059 
0-052 
0-078 
0-083 
0-083 
0-074 
0*076 
0-113 


—0*073  59*927  -fo 

—0-004  57*138  -^o 

-f  o  -032  47  -388 

— o  045  42  -279 

—0-089  53*162 

—0-038  n-473 

•  •••       •••• 

-}-o  -007  49  -650 

-f-o  -042  14  -565 

-f  0-140  43*481 

-f  o  -004  10  -284 

-f-o  -005  41  -182 

—0-002  16-069  -fo 

—0-045  44*097  -o 


183 

303 


— o 


008 
621 


// 
OO'ITO 

57*441 


174  43*307 

•  •  •  •  •  •  • 

279  40  -903 

.  .  .  16  -077 

...  43  -476 


Mean   — o  '032 
Probable  error  of  a  single  observation  of  a  direction  {D,  and  R.)  =  drO''''-62. 


Mount  Tamalpais^  Marin  County,  California.     August  24  to  October  9,  1882.     50-centimetre  theod- 
olite, No.  115.     G.  Davidson,  observer. 


// 


// 


// 


// 


// 


// 


// 


Mount  Diablo 
Mocho 

Sierra  Morena 
Ross  Mountain 
Mount  Helena 
Monticello 
Vaca 

Mean      o  'ooo 
Probable  error  of  a  single  observation  of  a  direction  (Z?.  and  R.)  ^=  ±0^^*54. 


0 

00 

00-000 

=bo-053 

—0  *OI  I 

59  '989  4-0  -277 

00-266 

23 

47 

56  -302 

0*064 

—0  *o7i 

56-231    ....  -t-0-422  56-653 

61 

37 

29  923 

0076 

—0  037 

29  -886    

■       •  ■  •  • 

230 

31 

28  940 

0*090 

0*043 

28  -897    

•       «  «  »  ■ 

263 

31 

35  075 

0-086 

—0*006 

35  *o69  -fo  *054 

•  35  *I23 

289 

01 

42  -852 

0*072 

-f  0*045 

42  '897  f  0  -048 

•  42  -945 

307 

25 

02  -177 

0*062 

-0-048 

02  -225  —0  -380 

•  01  -845 
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(d)  Abstract  0/  resulting  horizontal  directions  at  each  statum  from  local  and  from  figure 

adjustment — Continued. 

Macho,  Santa  Clara  County,  California.     August  19  to  October  30,  1887.     50-centinietre  theodolite. 
No.  115.     J.  S.  Lawson,  F.  Morse,  and  P.  A.  Welker,  observers.     G.  Davidson,  chief  of  party. 

Resulting  dircc-       Approxi-      Reduction     d^«„i*j„„    Corrections     „Zi!l?J„ 
tion  from  station     mate  protv       to  sea         *tSSl:3S^    from  figure  i.f!S?J!f* 

lation. 


No.  of 

direc-  Objects  observed. 

tion. 


adjustment.         able  error.         level. 


adjustment. 


22 

23 


20 
21 


Azimuth  Mark 
Round  Top 
Mount  Conness 
Santa  Ana 
Mount  Toro 
Loma  Prieta 
Sierra  Morena 
Mount  Tamalpais 
Mount  Diablo 


O           /  ff 

O      00  00  '000 

66  13  15-043 

94  34  26  -624 

176  18  45 '389 

17  21-473 

55  15  '468 

31  49  -647 

22  10-160 


203 
232 

284 

319 

345    38    23-364 


// 
±0  -056 

0-136 

0*060 

o*ii6 

0-132 

0*096 

0-085 

O'lII 

o-o6o 


•    ■   ■   • 

-{-0-220 
-I-0-140 
-o  057 
-ro*oo7 
4-0  *072 
4-0  *oi  I 
—0*046 
—0*076 


// 


ff 


ff 


15  '263 
26*764 

45  '332 
21  -480 

15  '540 
49  "658 
10-114 
23-288 


— o  -018 
-ro-i96 


15  '245 
26*960 


— o  -oio 
—0-176 


10*104 

23  '112 


Probable  error  of  a  single  dbervation  of  a  direction  {D,  and  ^.)  =  ±o'^*7o. 


Round  Top,  Alpine  County,  California.     August  17  tp  October  14,   1879.     50-centinietre  theodolite, 

No.  115.     G.  Davidson,  observer. 


16 

17 
18 

19 
13 
14 
15 


Azimuth  Mark 
Mount  Lola 
Mount  Como 
Mount  Grant 
Mount  Conness 
Mocho 

« 

Mount  Diablo 
Mount  Helena 
Pine  Hill 

Snow  Mountain  East 
Maryville  Butte 


o  /  //  // 

o  00  00  -000  zfco  -032 

7  25  05*518  0*062 

76  26  26-411  0-060 

122  .  47  32  -511  0*078 

169  47  29-608  0-068 

254  03  23-638  0-053 

270  44  49 '863  0-051 

29S  32  16-332  0-065 

301  58  42-947  o'o6i 

316'  57  47 '335  0-047 

319  00  33*594  0-069 


ff 


ff 


-0-159 
— 0-121 
-^0-184 
—0-042 
-o  -547 
-I  o  -083 

-f  0*063 

— o'oo3 
—0-006 


59*841 
05  '397 
26  ;595 
32*469 
29  -361 
23  -121 
49-926 
16  329 
42-941 


ff 

•  •  •  ■ 

-o  -333 
-f  0-068 

— o*o66 

-i-o  -054 

-|-o*2i6 

—0-082 

-f-o  -024 


// 


05*064 

26  663 

32  *535 
29*415 
23  *337 
49*844 
16  '353 


— o  -029        33  565 


•   *  •  • 


Probable  error  of  a  single  observation  of  a  direction  (/>.  and  /?. )  =  ifc  o^'-48. 
Mount  Lola,  Nevada  County,  California.     June  18  to  July  22,  1879.     50-centimetre  theodolite,  No. 


115. 


G.  Davidson,  observer. 


ff 


8 

9 
10 

II 
12 


Azimuth  Mark 
Lassens  Butte 
Pah-Rah 
Mount  Como 
Round  Top 
Pine  Hill 
Mount  Diablo 
Mount  Helena 
Marysville  Butte 
Snow  Mountain  Bast 
Mount  Linn 


o 

13 
114 

173 
212 


00  00  -ooo 

22  42  -494 

46  59*230 

10  32  -427 

23  00  -222 


267  17  07  -756 

271  17  55*376 

300  07  03  -738 

311  51  .09-936 

32*1  58  42   323 

340  58  41*684 


ff 
±0*043 
0*113 
0-074 
0-082 
0*109 
0-084 
0*059 
0-059 
0-094 
0-073 

o*o86 


// 


// 


ff 


ff 


o  -157        59  "843 


-f  0-137 
-o  -158 
—0-136 
-ho  -039 
4-0  -075 
4-0-061 
-f  0-016 


59  '367 
32-269 

00*086 

07  *795 

55  '451 
03-799 

09-952 


-o  -247 
—0-041 
-i-o  '375 

•   •  «  • 

-^0-200 
-o  248 


59  '120 
32  -228 
00-461 

•   •  ■   • 

55  '651 
03  '551 


Probable  error  of  a  single  observation  of  a  direction  (D.  and  R. )  = 


n"-.'o. 
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(^)  Abstract  of  resulting  horizontal  directions  at  each  station  frotn  local  and  from  Jigure 

adjustment — Continued. 

Mount  Conness,  Tuolumne  County,  California.     August   12  to  September  5,    1S90.      socenti metre 

theodolite,  No.  115.     G.  Davidson  and  J.  J.  Gilbert,  observers. 


No.  of 
direc- 
tion. 


Objects  observed. 


Resulting  direc-        Approxi-      Reduction     D^Biiu;rny    Corrections      e*./^nAc 
tion  from  station     mate  prob-        to  sea  \S«l,i"*    from  figure  ,•  JTSL.,^., 

adjustment.         able  error.         level.  seconas.     adjustment.*","??"^"" 


// 


// 


// 


// 


// 


lation. 


// 


!  Azimuth  Mark 


o    00    00  'ooo     =bo  *o49 


24 

Mocho 

24    52    40751 

o'oSo 

-'-0-042 

40  793 

—0  -050 

40  743 

25 

Mount  Diablo 

38    02    02  708 

0*071 

-^0004 

02  -712 

+0  -054 

02  -766 

26 

Round  Top 

92     16     22-174 

o*io6 

— 0-210 

21-964 

-0-132 

21  -832 

27 

Mount  Grant 

164    09     13  -672 

0-114 

^0*219 

13-891 

—0*269 

13  -622 

28 

Lone  Mountain 

216    47    03  '954 

0-098 

-fo  -019 

03  '973 

f  0  -373 

04*346 

Probable  error  of 

a  single  observation  of  a  direction  {D.  and  R.)  — 

-^  &^"JO. 

Pah-Rahy  Washoe  County,  Nevada. 


October  9  to  November  i,  1878. 
W.  Eimbeck,  observer. 


50-centimetre  theodolite,  No.  5. 


ff 


// 


// 


// 


34 
35 
36 


Carson  Sink  o    00    00-000    dbo*ii2      —0-076        59*924 

Mount  Como  77    55     16-780        o-ro8  0000        16*780 

Mount  Lola  140    32     22  464        0*108       4-0*152        22-616 

Probable  error  of  a  single  observation  of  a  direction  ( D.  and  R. )  = 


// 

-0*341 

-r-o  240 

-r  o  '072 

h  o''-88. 


ff 


59  •5«3 
17  -020 

22-688 


Mount  CofnOy  Douglas  County,  Nevada.     August  14  to  September  13,  1879.     50-centimetre  theodolite, 

No.  5.     W.  Eimbeck,  observer. 


29  I  Round  Top 

30  I  Mount  Lola 

Mount  Davidson 

31  I  Pah-Rah 

32  Carson  Sink 

33  Mount  Grant 


o  /                 // 

o  00  00  -000 

71  46  23  -501 

103  37  44-337 

130  46  01  -424 

190  07  07*903 

260  44  47  '291         o  080       — o  -224        47  -067       -i-o  -209        47  -276 


ff 

ff 

ff 

ff 

ff 

0*074 

-t- 0-209 

00*209 

0-059 

00-150 

0-076 

—0-164 

23  '337 

-  0  056 

23  '393 

o*o8o 

•   •   •   • 

•   ■  •   • 

•   •  •   * 

•   •  •   • 

0  'lOI 

0*000 

01  -424 

—0-093 

01  -331 

0*107 

:  0*157 

08  060 

-0-I35 

07  -925 

Probable  error  of  a  single  observation  of  a  direction  (D.  and  R.)  ^=  d^c/^";6. 

Mount    Grant,    Esmeralda  County,    Nevada.      October    18  to   November    22,   1879.      50-centimetre 

theodolite.  No.  5.     W.  Eimbeck,  observer. 


Mount  Como 

0 
0 

00 

ff 
00-000 

ff 
-t-o*o65 

ff 
-0*183 

ff 

ff 
— 0081 

ff 

39 

59«i7 

59  736 

40 

Pah-Rah 

26 

21 

29-948 

0*070 

—0*122 

29  826 

—0  036 

29-790 

41 

Carson  Sink 

72 

36 

09  -224 

0*065 

-rO-130 

09*354 

—0  -058 

09-296 

Desatoiya 

94 

40 

54  -247 

0*095 

•   •   •   • 

•   •   •   • 

«  •  ■   • 

«   •   «   • 

42 

Toiyabe  Dome 

126 

03 

33  966 

0-075 

-(-o-iio 

34  -076 

0-355 

33  721 

43 

Lone  Mountain 

167 

19 

06*701 

0  '\0() 

-0  -154 

06-547 

i  0  -429 

06-976 

37 

Mount  Conness 

264 

28 

35  -575 

0*140 

-f-o  -240 

35  -815 

-f  0  383 

36-198 

38 

Round  Top 

325 

36 

06  -884 

0067 

-0  044 

06*840 

-0  -139 

06-701 

Probable  error  of 

a  sint 

de  observation  of  a  dire 

iction  ( D,  i 

ind  R, )  = 

rbo''-8o. 

TRANSCONTINENTAL  TRI ANGULATION — PART  III — TRI ANGULATION.      577 

(d)  Abstract  of  resulting  horizontal  directions  at  each  station  from  local  and  from  figure 

adjustmeyit — Continued. 

Lone  Mountain^  Esmeralda  County,  Nevada.     Octolier  25   to  November  22,   1880.      50-centimetre 

theodolite,  No.  5.     W.  Eimbeck,  obser\'er. 

Resulting  direc-      Approxi-        Reduction     t,«„.,u:„„    Corrections      „Zi?«i- 
[.  tion  fronTstation    mite  proN         to  sea         ^^^^^    from  figure   i.ftrianl^u 

adjustment.        able  error.  level.  seconds,     adjustment.  "*iJ?S."f 


No.  of 
direc- 
tion. 

objects  obserr 

Initial  Mark 

58 

Toiyabe  Dome 

Monitor 

59 

White  Pine 

56 

Mount  Conness 

57 

Mount  Grant 

// 


// 


// 


// 


/' 


lation. 


// 


4-0  066 


45*544 


0*219         45*325 


o    00    00  '000     ifco  '058 

58  39  45478    0-062 

92  22  53  -441 
129  38  06*910 
319  09  57*283 
349  23  04  -021 
Probable  error  of  a  single  observation  of  a  direction  (/>.  and  -A*. )  =  db  ©''''•58. 

Carson  Sink^  Churchill  County,  Nevada.     June  20  to  July  29,  1880.     50-centimetre  theodolite,  No.  5. 

W.  Eimbeck,  observer. 


0-074 

•     ■     ■     ■ 

•     *     •     > 

•    >   ■   • 

.... 

0-080 

-^-0090 

07  -ooo 

i  0605 

07  605 

0*335 

+0016 

57  299 

-0  -225 

57  -074 

0*078 

0-197 

03  -824 

—0*300 

03  -524 

// 


// 


// 


// 


// 


// 


Azimuth  Mark 

0 

00 

00-000 

-^0  -050 

•   •   •   • 

■   •   ■   • 

•    ■   •   • 

•   ■   •   « 

44 

Mount  Callahan 

83 

14 

57  950 

0-059 

^0  -054 

58-004 

-0-090 

57  *9i4 

Desatoiya 

121 

18 

06-574 

0-062 

•   •   •   • 

•   •   •   • 

•   «   •   • 

•   •   •   • 

45 

Toiyabe  Dome 

138 

10 

30  -243 

0-066 

0*235 

30-008 

0099 

29-909 

46 

Mount  Grant 

204 

15 

04-478 

0-054 

+0-163 

04-641 

-I-0-096 

04  *737 

47 

Mount  Como 

241 

01 

38  -655 

0-050 

-rO-i56 

38  -81 1 

-0-005 

38  -816 

48 

Pah-Rah 

283 

45 

37  '956 

0*070 

— 0071 

37*885 

-rO-o87 

37  '972 

Probable  error  of  a  sing 

le  observation  of  a  direction  (D. 

and  R. )  — 

-H  0^^-51. 

Toiyabe  Dotne^  Nye  County,  Nevada.     August  25  to  September  22,  1880.     50-centimetre  theodolite, 

No.  5.     W.  Eimbeck,  observer. 


0 

/ 

// 

// 

// 

ff 

// 

// 

Azimuth  Mark  (Ophir) 

0 

00 

00 -ooo 

-^-o  -04 1 

•    •   •   • 

•   «   •   ■ 

•   •   •   • 

•   •   >   • 

51 

Mount  Callahan 

6 

08 

01  -852 

0071 

-  0-131 

01*983 

0*243 

01  -740 

52 

Diamond  Peak 

43 

55 

59  '428 

0*060 

—0-198 

59  '626 

-0  -244 

59  '382 

53 

White  Pine 

95 

30 

43  '057 

0-074 

-  0-140 

42-917 

-0-047 

42  -870 

54 

Lone  Mountain 

174 

30 

45  022 

0043 

^  0  -050 

45  072 

+0-155 

45  -227 

55 

Mount  Conness 

228 

02 

57  '450 

o*335 

♦  0-214 

57*664 

-  0  -014 

57  *65o 

49 

Mount  Grant 

243 

58 

57  *407 

0-051 

+0-098 

57  *505 

^0  -334 

57  839 

50 

Carson  Sink 

304 

27 

30  -784 

0*076 

-  0-179 

30-605 

+0-022 

30  -627 

Probable  error  of  a  single  observation  of  a  direction  {D.  and  A*. )  =  zt  o''^*58. 

Mount  Callahan^  Lander  County,  Nevada.     June  29  to  July  2^^,  1881.     50-centimetre  theodolite.  No. 

5.     W.  Eimbeck,  observer. 


// 


// 


// 


// 


// 


// 


60 


61 


62 


Azimuth  Mark 

0    00 

00-000 

-+-0-066 

•   •   ■   • 

■    •   •   ■ 

•  •  •   • 

•    ■   •   • 

Diamond  Peak 

68    03 

52 -686 

0046 

0*057 

52.  629 

-0-I57 

52  -472 

Prospect  Peak 

79    27 

08-245 

0077 

•   •   •   • 

•   •   •  • 

•   •   •  • 

•    ■   «   • 

Monitor 

132    47 

00-782 

0059 

•   •   •   ■ 

■   ■   •   • 

«    ■   •   « 

•   ■   •   « 

Toiyabe  Dome 

170    05 

11-983 

0058 

+0  -149 

12  *I32 

-i-o  '267 

12*399 

Desatoiya 

211     46 

53  ••790 

0069 

•   •   •   • 

•  •  •  • 

•  4  •  • 

•   •  •  • 

Carson  Sink 

233     29 

35  *43i 

0-054 

+0*041 

35  -472 

—0-109 

35  '363 

Probable  error 

of  a  single  observation  of  a  direction  (Z>.  and  R. )  = 

-+-o''*5i. 

T  R  "T  't  ■^          ■  ^kTr^         i4  •__ 

<^*» 
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(d)  Abstract  of  resulting  horizontal  directions  at  each  station  from  local  and  from  figure 

adjustment — Continued. 

Diamond  Peak^  Eureka  County,  Nevada.     August  25  to  September  30,  1881.     50-centimetre  theodolite^ 

No.  5.     W.  Eimbeck,  observer. 


No.  of 
direc- 
tion. 

Objects  observed. 

Resulting  direc- 
tion from  station 
adjustment. 

Approxi- 
mate prob- 
able error. 

^^^^^"^     Resulting 

Corrections 
from  figure 
adjustment 

Pinal 

seconds 

ifi  triangu 

lation. 

0 

/ 

// 

// 

//                    // 

// 

ff 

Azimuth  Mark 

0 

00 

OO'OOO 

-»-0*o8l 

•    •••                              •••• 

•    •    •   • 

«    ■   ■    ■ 

63 

Ibepah 

82 

44 

14-498 

0-I02 

-f  0  -083          14  -581 

-0  259 

14  322 

64 

Wheeler  Peak 

119 

24 

33  "338 

0-076 

—0-208        33  130 

—0  033 

33*097 

65 

White  Pine 

171 

36 

03  932 

0-062 

—0  -085        03  -847 

-fo-i6i 

04-008 

Monitor 

221 

08 

25*964 

0065 

•  •••                         •■•• 

•   •  •  • 

•    •    •    • 

66 

Toiyabe  Dome 

241 

01 

37  -281 

0*062 

-0-210        37*491 

--b-084 

37  '575 

67 

Mount  Callahan 

281 

12 

45  '253 

0070 

-0-059        45  194 

— 0004 

45*190 

Probable  error  of  a  single  observation  of  a  direction  {D.  and  R. )  — 

-»-  0^^-70. 

White  Pine,  Nye  County,  Nevada.     November  3  to  December  14,  1881.     50-centimetre  theodolite* 

No.  5.     W.  Eimbeck,  observer. 

o 

Reference  Mark 

68  '  Lone  Mountain 

69  I  Toiyabe  Dome 

Monitor 

70  Diamond  Peak 
Duckwater 

71  Wheeler  Peak 

72  Pioche 

Probable  error  of  a  single  observation  of  a  direction  {D.  and  P. )  =  ±©'''-90. 


0 

/ 

// 

// 

// 

// 

ff 

tf 

0 

00 

00*000 

-^0095 

k      •      •      • 

•   •   •   • 

ft      •     •     • 

■     •     ■     • 

49 

10 

41  -310 

0086 

--0  -064 

41  -374 

—0-162 

41  -212 

79 

12 

55*217 

0139 

-0-157 

55*060 

+0-136 

55*196 

89 

50 

06  915 

0*094 

.... 

a      •     •      • 

•      •     •     • 

•    »    •    • 

I3« 

13 

31  -701 

0*I02 

—0  082 

31   -619 

—0     180 

31  '439 

155 

01 

34  *934 

0*090 

■     ■     ■     ■ 

.... 

•      •     •     • 

■   •   •   • 

203 

14 

08-918 

0-088 

t  0  *255 

09*173 

-^0  -163 

09*336 

254 

57 

46-943 

0094 

0095 

46  -848 

to  065 

46  -913 

Wheeler  Peak,  White  Pine  County,  Nevada.     November  5  to  November  23,  1882.     August  3  to  August 

5,  1883.     50-centimetre  theodolite,  No.  5.     W.  Eimbeck,  obser\-er. 


Reference  Maik 

75 

Ibepah 

76 

Mount  Nebo 

77 

Tushar 

Beaver 

78 

Pioche 

73 

White  Pine 

74 

Diamond  Peak 

0 

f 

// 

// 

ff 

ff 

// 

// 

0 

00 

00  'OOO 

-^0  065 

•   •   •   ■ 

•  «  •  • 

•   •   •   • 

•  •  ■  « 

31 

20 

23  '220 

0-093 

i-o-i57 

23  -377 

—0-268 

23-109 

78 

03 

32-172 

0-077 

-^0*176 

32  -348 

-f  0-498 

32  -846 

121 

44 

10  -885 

o*ii8 

— o*i6o 

10  725 

0-533 

10  -192 

122 

33 

02    875 

o*o88 

«   •   ■   • 

•   •  ■  • 

•  •  ■  • 

■   •  ■  • 

179 

47 

38  *224 

O'lOI 

—0  07  r 

38-153 

^0253 

38  406 

246 

18 

32    226 

0  *oS7 

-t  0*215 

32-441 

-  0*008 

32  -433 

309 

07 

05    722 

0096 

0*177 

05  '545 

-0036 

05-509 

Probable  error  of  a  single  observation  of  a  direction  (/A  and  R.)  ■=  ±i^^"jQ, 
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(d)  Abstract  0/  resulting  horizontal  directions  at  ecuh  station  from  local  and  from  figure 

adjustment — Continued. 

Tushar,  Piute  County,  Utah.     August  28  to  September  22,  1885.     50-centimetre  theodolite,  No.  5. 

W.  Eimbeck,  observer. 


No.  of 
direc- 
tion. 


Objects  observed 


Resulting  direc-       Approxi-      Reduction 
tion  from  station     mate  prob-        to  sea 
adjustment.         able  error.         level. 


Resultinfif 
seconds. 


Pinal 

from  figure    :*f2i°*l!. 
flHiM«»nTen»     »n  tmngu- 
lation. 


Corrections 
from  figure 
adjustment. 


Beaver 

82 

Pioche 

83 

Wheeler  Peak 

84 

Ibepah 

85 

Mount  Nebo 

Wasatch 

Mount  Ellen 

o 

O 

27 

67 


/ 

00 
52 
17 


// 
00  000 
18 '203 
12  '102 


96  32  40  081 

155  33  43049 

182  45  10 '281 

238  41  36*332 


// 
rbO  '050 
0082 
0*I20 
0086 
0086 
0083 
0-074 


•    •    •    > 

4-0*107 

-0182 

-0244 

-rOi55 
f  o  -228 

— 0'102 


// 


18-310 

I  r  -920 

39  837 
43  204 

10-509 

36  -230 


•   •  ■  ■ 

-fo-o86 

+0  -370 

-0  392 

— 0002 


•   •  •  • 

18-396 
12  -290 

39*445 
43  -202 


Probable  error  of  a  single  observation  of  a  direction  ( D.  and  A*. )  =  i  c/''-68. 

PiochCy  Lincoln  County,  Nevada.    September  6  to  September  25,  1883.    50-centimetre  theodolite,  No.  5. 

W.  Eimbeck,  observer. 

o  f 

Azimuth  Mark 

79  White  Pine 

80  I  Wheeler  Peak 

81  i  Tushar 

Probable  error  of  a  single  observation  of  a  direction  {P,  and  ^. )  =  =h ©''''-53. 

Pilot  Peak,  Elko  County,  Nevada.     July  5  to  July  22,   1889.     50-centimetre  theodolite.  No.  5.     W. 
Eimbeck,  observer.      August  7  to  August   18,    1892.      50-centimetre  theodolite.  No.   5.      P.   A. 


0 

f 

// 

// 

// 

// 

// 

// 

0 

00 

OO'OOO 

=ho"o6o 

•   «   •  • 

•   ■  •  • 

«   •   •   • 

•   •  •  • 

91 

II 

42  -118 

0061 

— 0129 

41-989 

f  0  -170 

42  159 

152 

57 

44  '528 

0058 

— o-io6 

44  422 

—0  -320 

44-102 

235 

30 

04-866 

0-073 

+0-156 

05  -022 

-^0-167 

05  -189 

Welker,  observer.     (W.  Eimbeck,  chief  of  party.) 
theodolite,  No.  5.     P.  A.  W^elker,  observer. 


August  6  to  August  17,  1897.     50-centimetre 


No.  of 
direc- 
tion. 


Objects  observed. 


89 


Azimuth  Mark,  1689 
Reference  Mark,  1892 

and  1897 
Cache 
Oxford 
Promontory 

Ogden  Peak 

Antelope 
Deseret 
Mount  Nebo 
Ibepah 
Wheeler  Peak 


Resulting  direc- 
tions from  station 
adjustment. 


>  /  // 

o  00  00  'OOO 

o  00  02  534 

2  19  22  "749 

36  43  40-495 

64  26  05-747 

70  34  24955 

79  13  44  735 

103  56  04-921 

III  06  37  692 

161  37  22  197 

172  37  22  -903 


Approxi- 
mate 

probable 
error. 


izO  -049 

*o  -055 

*o"o89 
*o'i5i 


Reduc- 
tion to 
sea  level. 


// 


Result- 
ing 
seconds. 


// 


Correc- 
tions 
from  base- 
net  ad- 
justment. 


// 


Correc- 
tion.s         Final 
fromba.se-  seconds 


net  and 
figure 
adjust- 
ment. 


// 


in 

triangxi- 

lation. 


// 


*o  065     -f  o  055  05  802 

/° '^1^-0043  24998 
1*0  054/ 

*3  074    -^-008  44727 

0054  — 0169  04752 

o  069  — o  -210  37  -482 

0*069  —0-047  22-150 

o  075  -ho  045  22  -948 


■     •     •     ■ 

•   •  •  « 

•    •    •    • 

4-0198 

•  •  •  • 

06  000 

-0-145 

24  -853 

-ro  038 

44765 

—0-082 

04  -670 

-f-o  -02 1 

37  503 

—0-030 

22  '120 

•   ■  •  ■ 

-rO-io4 

23  052 

Mean  o  -000 

Probable  error  of  a  single  observation  of  a  direction  (Z>.  and  A*. )  =  =h  o^^'^t. 


♦The  directions  marked  by  a  ♦  star  depend  on  the  probable  error  ±o"o54  of  Ogden  Peak  during  the  second  and 
third  occupations. 


s8o 


UNITED  STATES  COAST  AND  GEODETIC  SURVEY. 


(d)  Abstract  of  resulting  horizontal  directions  at  each  station  from  local  aiid  from  figure 

adjustment — Completed . 

Ibepah^  Juab  County,  Utah.     August  23  to  September  27,  18  ')9.     50-centimetre  theodolite,  No.  5. 

W.  Eimbeck,  observer. 


No.  of 
direc- 
tion. 


86 

87 
88 


Objects  observed. 


Azimuth  Mark 
Ogden  Peak 
Deseret 
Mount  Nebo 
Tushar 
Wheeler  Peak 
Diamond  Peak 
Pilot  Peak 


Resulting  direc-       ^?,?I?**'       Reduc- 
tions from  station     probable    J^'tlty 

error.       ^^  ^^^*^^- 


adjustment. 


Correc- 

Correc- 

tions 

Final 

Result- 

tions 

from  base- 

seconds 

ing 

from  t>ase- 

net  and 

in 

seconds. 

net  ad- 

figure 
adjust- 

triangu- 

justment. 

lation. 

ment. 

o  /  // 

o  00  OO'OOO 

25  43  47*159 

34  55  41  '025 

67  43  04-124 

117  31  04*280 

177  52  34 '545 

238  59  34992 

332  05  10-271 


// 


// 


// 


// 

lirO  '045  ....  ....  .... 

0-092     -t-o*i87  47*346    4-0*013 

0089   -|-0-200  41-225   —0*192 

0071   f  0*001  04-125 

— o  237  04  -043 

^0*166  34*711 

+0  064  35  -056 

— o  '042  10  -229 


// 


// 


^0-097 


0-077 

0088 

0-082 

0-086 


•     •     •     * 


0-082 


•    .  •  47  '359 

41  '033 

04  -222 

1  o  -262  04  -305 

4-0-051  34  762 

—0*164  34*892 

....  10*311 


Mean 


0-000 


Probable  error  of  a  single  observation  of  a  direction  {D.  and  A*. )  =  ^r:  o^'-62. 


Mount  JVedo,  Juab  County,  Utah. 


90 
91 


June  16  to  July  29,  1887. 
W.  Eimbeck,  observer. 


50-centimetre  theodolite.  No.  5. 


Azimuth  Mark 
Patmos  Head 
Wasatch 
Tushar 
Scipio* 
Wheeler  Peak 
Ibepah 
Pilot  Peak 
Deseret 
Onaqui  * 
Oquirrh  * 
Ogden  Peak 
Draper* 


o  / 

o  00 

99  26 

155  13 

194  36 

213  51 

242  40 

265  48 

299  41 

309  18 

315  22 

332  45 

350  55 

353  14 


// 


// 


00  -000      rtO  -046 

42  -277        o  -096 


16*508 
40  046 
58  848 

45  '694 

49  527 
13  -102 

29  '82 1 

52  056 

19*604 

13  '527 
45*190 


o  •091 
0*090 

•   ■  •  • 

0-075 
0080 
0-070 

0-II2 

o  '070 

0066 
0063 
0*097 


•     •     •    • 

—0-096 
—0-137 

-r-o-155 
—0-188 

-^  0-178 

— O'OII 

— o  -199 

0-219 

—0-176 

-0125 

-0  '024 

-0-008 


// 


// 


ff 


/f 


42-181 

16-371 

40  -201 

59  036 

45  "872 

49-516     -0-147 

12-903     —0051 

29*602     —01 33 

51  880  .... 

19  479 

13  *503    -ro  330 
45*182  


-f  o  -227  40  -428 

-f-0059  45*931 

....  49  *369 

12  -852 

29  -469 


13  '833 


Mean  o  'ooo 

Probable  error  of  a  single  observation  of  a  direction  ( />.  and  A*. )  =  i!r  o^''*6i. 

Weights  to  the  individual  directions  entering  into  this  triangulation  were  introduced 
as  explained  in  Part  I  and  exemplified  in  the  adjustment  of  the  Yolo -Base  Net. 

In  the  present  case  we  have  the  number  of  directions  =91,  the  number  of  triangles 
=  30,  and  the  average  value  of  the  probable  error  of  an  observed  direction  as  found  by 
station  adjustments  Cg—  zbo"*o8o;  also  the  same  derived  from  the  closing  errors  of  the 


♦Subordinate  stations. 


Cdaul  <iiiil  (if'xlelie  aiirivn—TfiinoruiilhifiiKit  Triiijigiiliili'il 


INSTRUMENT. 
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triangles  or  et=  =b  o"'2o;  hence  ^  —  ^  =  0*033  6,  and  the  relative  weight  to  a  direction 


25 


,  where  25  is  a  convenient  multiplier  which  renders  a  large  portion  of  the 


<+o'033  6 

weights  equal  to  unity. 

Respecting  the  scheme  finally  selected,  the  station  Mocho  was  admitted  into  it  as 
an  auxiliary  to  assist  in  crossing  the  wide  valley  between  the  Coast  and  the  Sierra 
Nevada  ranges.  The  triangle  Mount  Diablo,  Mount  Tamalpais,  Mocho  is  very  well 
measured,  and  the  main  triangulation  is  well  rounded  off  with  Mount  Diablo  as  a  central 
station. 

{c)  Figure  adjustment. 


Observation  equations. 


No. 

^  1 

o=— 0-275 — 

(4; 

2 

0  =  -r  0535  -h 

(i: 

3 

0=   02954 

(2 

4 

0  =  4-1  084  — 

(5; 

5 

0—  -^O'lOI  - 

(2: 

6 

o=— o•059~ 

(2 

7 

o=— 0134— 

(3 

8 

0  =  —  0-932  — 

(9 

9 

o  =  -fo-iii  - 

(8 

10 

0=4-0*211    1 

'7. 

II 

0  —  —  0-276—  ( 

.32 

12 

0  =  —  0*622  —  ( 

31 

13 

0=4-0-673-  ( 

:i8 

14 

0—  ^0-414--  ( 

.41 

15 

0=  -  1043- 

(42 

16 

0—  —0*522  —  ( 

;27 

^7 

0=  -^0*651  —  1 

^44 

18 

0  —  0-334  ( 

;5i 

19 

o=—  1*324-  ( 

.53 

20 

o=-rO-i95  -  j 

[52 

21 

0=  —0*510  -  1 

;64 

22 

0=  r  0-848 -( 

[71 

23 

0-   1*557   i 

[77 

24 

0—  ^-0-222  -  ( 

;63 

25 

0=4-1-573    \ 

[76 

26 

0  -  -  o*759  -  \ 

[75 

27 

0=  —0-424-  ( 

[84 

28 

o=  +  4-93   I' 

49i 

29 

o—-r  1*834-4' 

64( 

30 

o=-3'59--o- 
-0-88(26) 

27  ( 

3' 

0=4-0*60  — 4" 

64( 

-0*69(27) 

4-< 

4- 


4 


r 


+ 
4- 

I 

-r 
r 


6) 
I) 
2) 


(7 
(5 
(6 
(6 
(4 
(3 
(4 
(10 

(9 
(18 

(33 
(32 

(19 

(42 

(43 
(28 

(45 
(52 
(54 
(53 
(65 
(72 
(78 
(64 

(77 
(76 

(85 
-4 
-4 


-  (20)  4-  (21 
-(ii)4-(i2 

-(14)  -f(i5 

-  (10)  -r  (12 

-  (i3)-r  (14 
4- (14)  -  (19 

-(2i)-r-(23 

-(16)  4- (17 

-  (30)  4-  (31 
-^  (29)  -  (33 

-  (39)  1-  (41 

-  (34)  -r  (35 

-  (26)--  (27 

-  (45)  -  (46 

-  (49)  -  (54 
^-(37)  -(43 
-(50)  :  (51 
-(60)  -(61 

-(58)1  (59 
--(65)  + (66 

-  (70)  -  (71 
4-  (73)  -  (78 
--(80)  4- (81 

-  (74)-r-(75 

-  (83)  --  (85 
-r  (87)  -  (91 
4-  (86)  -  (90 

77(7) -7*02(13 
92(2) -4*87(5 
32(3)  -  1*05(4 


(15) -f 
(21)4- 
(25)  -r 
(24)4- 
(29)4- 
(35)  -i 
(38)  -- 
(46) -f 
(47) -r 
(37)  -r 

(49)  t 

(57) -f 
(56)  4 
(61)4- 
(66)4 
(68)4- 
(69) -r 
(73)4- 

(79) -f 
(82) -h 
(87)  + 
(90)  + 


(16 
(22 
(26 

(25 
(30 
(36 

(39 
(47 
(48 

(38 
(50 
(58 

(57 
(62 

(67 
(69 
(70 

(74 
(80 

(83 
(88 

(91 


)  -h  11*02(14)  -  4-00(15)  -4*27(20)  -f  4-62(21)  -  0*35(22) 
-  6-36(6)  —  1-19(10)  ^  1-27(11)  —  0*08(12) 
-f  7-23(13) -7-02(14) -0*21(19) -8-13(24)  4- 9-01  (25) 


64(1)  +9-19(2)  -4-55(3)  -  2-58(9)  -f  3-85(10)  -  1-27(11)  -  1*52(25)  +  2*21(26) 
0-35(29)  -0*69(30)  +0*34(33)  -  1*16(37)  +4-24(38)  -3'o8(39) 
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No. 

33 
34 


35 
36 


39 


0  = 


0=: 


o^ 


0  = 


37  o 

38  i  o 


0  = 


40  '  0  = 


(r)  Figure  adjustment — Continued. 
Observation  equations—  Completed. 

-f  1-97  -  1-30(8)  -f  3-88(9)  -  2-58(10)  -o-8i(i6)  +  2-82(17)  -  2-oi(i8)  +4-80(31)  -4-80(33) 
+  1-09(35)  -  1-09(36)  -  3-08(38)  +  12-13(39)  -  9-05(40) 

-  1-66  -  4-80(31 )  -h  4-80(33)  -  0-45(34)  -f  0-45(35)  -  8-39(39)  +  9-05(40)  -  0-66(41 ) 

-  2-82(46)  -h  5-10(47)  -  2-28(48) 

+  0-33  -2-01(17)  -1-3-97(18)  —  1-96(19)  -0-69(26)  4-  230(27)  -  1-61(28)  -f- 0-34(29) 
-0-74(32)  +0-40(33)  -0-93(45)  +  3-75(46)  -  2-82(47)  -^  1-98(49)  —  1-19(50)  -0-79(54) 
-3-61(56) +4-41(57) -0-80(58) 
+  8-55+1-61(27)   -  1-61(28)  -4-38(37)  +4-38(42)  -  10-97(49)  -079(54)  +  1176(55) 

-  3-61(56)  +  4-41(57)  -  0-80(58) 

+  1-22  -  1-56(41)  +3-96(42)  -  2-40(43)  -  1-48(44)  +  2-41(45)  -0*93(46)  -0-80(57) 

+  1-52(58)  -0-73(59)  +0-45(60)  +o-6i(6i)  -  1-05(62)  -079(65)  +  3-28(66)  -  2-49(67) 

-  3-64(68)  +  4-91(69)  -  1-27(70) 

-3-72  -  -  2-83(63)  4  4-46(64)  -  1-63(65)  -0-98(70)  +  2-64(71)  -  1-66(72)  -  1-13(79) 
+  1-41(80)  -  -0-28(81)  -  2-56(82)  +6-32(83)  -3-76(84)  -  I -20(86)  +  2-36(87)  -  I -16(88) 

-  1-72 +  2-00(75)  —  1-98(76)  -0-02(77)  +3-76(83)  —5-02(84)  +  1-26(85) +  0-72(90) 

-4-93(90 

-3-34-1-98(75)  +  1-98(76)  -7-97(87)  +  18-80(89)  +4-93(91) 

-8-55    -  4-55(2)  +4*55(3)  -  1-49(6)  +4-00(14)  -4-00(15)  -  1-96(18)  +  1-96(19) 

+  1-52(25)  -  1-52(26)  -  1-61(27)  +  1-61(28)  -^  1-16(37)  --  1-16(38)  -  2-40(42)  +  2-40(43) 

-0-79(49)  "  1-67(52)  +  1-67(53)  +0-79(54)  +3-61(56)  -3-61(57)  -0-73(58)  -^0-73(59) 

-2-83(63)  +2-83(64)  +0-79(65)  -0-79(66)  +3-64(68)  -3-64(69)  -0-98(70)  +0-98(71) 

+  1-08(73)  -  1-08(74)  -  1-98(75)  +  1-98(76)  +  ri6(87)  -  ri6(88)  +  4-93(91) 

Correlate  equations. 


V. 

25 
P 

Cx 

+  1 

c, 

C4 

C5 

C6 

C7 

C8 

C9        Cio 

C13 

Ca8 

Ca9 

CT3 

C31 

-4  64 

Cjt. 

C3.! 

C40 

(1) 

10 

+4-64 

(^) 

1*1 

+  J 

-I 

—  I 

-4  92 

-0-27 

4-9-19 

-4-55 

(3) 

09 

+  1 

—  I 

4-1*32 

-4  55 

+4*55 

(4) 

I'O 

—  I 

+  1 

+  1 

-1*05 

(5) 

1  0 

•    ■    • 

—  I 

•  •   • 

—  I 

•  •   • 

«    »  •    • 

•    •  •    • 

■    •  ■    • 

••••       •■•• 

•  •  •  • 

•   •   ■    • 

-487 

•    •   ■    • 

•  •  •  « 

•  «  •  « 

•    •   •    • 

•  *  •  • 

(6) 

I'O 

—  I 

+  1 

-149 

4-6-36 

I '49 

(7) 

09 

+  1 

-4  77 

(8) 

I'O 

-I 

-1-30 

(9) 

10 

-  I 

f  1 

-2-58 

4-3-88 

(10) 

I'l 

■    •   • 

•  #  • 

—  I 

•  • 

•    «  •    • 

•   •   •    « 

^  I 

•  ■  ■          >  •  •  • 

•  •  •  • 

•  «  •   • 

-I -19 

a   •  •    • 

+3-85 

-2-58 

»    ■  •    • 

•  ■  •  • 

(11) 

09 

—  I 

4-1-27 

—  1-27 

(12) 

09 

+  x 

+  1 

— o-o8 

(13) 

09 

—I 

—7 '02 

+  7-23 

(14) 

09 

—  1 

+  1 

+  1 

+  11  '02 

-7*02 

4-4-00 

(15) 

09 

■  *    • 

■    ■    • 

+  1 

—  I 

•  ■  • 

•    •  •    ■ 

«    •   ■    • 

•  •  •  ■ 

•  ■  •  •       ■  ■  •  • 

•  •  ■  ■ 

-4  00 

■  ■  •  • 

•  *  «   • 

*  ■  •  • 

•  •  ■  • 

•    •  • 

--4'oo 

(16) 

09 

+  1 

—I 

-o-8i 

(17) 

09 

+1 

■  I 

4-2-82 

—  2*01 

(18) 

10 

\  1 

—  I 

—  2-OI 

+3-97 

-1-96 

(19) 

I  0 

—  I 

+1 

— 0*2I 

-1-96 

4-1-96 

(20) 

I'l 

—I 

■ 

■  •  • 

•  •  ■ 

•  •   • 

■    •  •    • 

•    ■  ■    • 

•  •  ■  • 

•  •  ■  ■       •  • «  . 

a     •    •     ■ 

-4-27 

•  •  •  • 

■   •  •    • 

•  •  •  • 

•    •  ■    • 

«  •  •  • 

•  •  •  • 

(21) 

09 

+1 

—  I 

—  1 

4-4  62 

(22) 

1-3 

+  1 

-035 

(23) 

09 

+  1 
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(c)  Figure  adjustmaii — Continued. 
Correlate  equations — Continued. 

Ce      C7     Ca      C9     Cio    Cii     Cia    Cx3    C14    C15     C16    C17     030        C3X  Q.yt 


25 
> 


C33  C34         C3S  C36        C40 


(24) 

1  'O 

(25) 

T  -O 

(26) 

1    1 

(27) 

I '2 

(28) 

I -I 

(29) 

I'O 

(30) 

I  "0 

(30 

II 

(32) 

I'l 

(33) 

i-o 

(34) 

1-2 

(35) 

I'l 

(36) 

I -I 

(37) 

I '3 

(38) 

10 

(39) 

09 

(40) 

fO 

(4O 

09 

(42) 

10 

(43) 

1*1 

(44) 

09 

(45) 

10 

(46) 

09 

(47) 

09 

(48) 

I'O   . 

—I 

-I   +1 
+1 


—  X 

+x 


—I 

+1 


—  1 

+x    -I 

+1 


+1 


-8-13 

+9-01  —1-52 

— 088  +2  21 

—0*69 

+o'35 
— 0-69 


-069       . 
+a*3o  +i'6i 
— x'6i  —I  -61 

+034 


+i"52 

-I  52 

-I  "61 
+  I-6I 


—I 


—  I 

+1 


—I 


—I 

+1 


—I 

+1 


—I 
+1 


+  1 


\  I 


—  I 


4-1 


—  I 

+  1     -I 


—  I 

+  1    -  r 
41 

—  I 

+  1 


+4  'So    -  4  80 

-074 
+o'34     -4 -So     +4  80  +0-40 

-045 
-M-09  40-45 
—1  "09 

-il6 

+4  -24    —3  -08 

—3 -08  +12-13     -'^■39 

—9*05     +905 
-066 


-4-38 


-I 

+  1 


+4-38 


+  1 


•  I   •  •  ■  ■ 


-093 
—2-82  +3  75 
+5*10  —2-82 
—2  "28      .... 


+  i-i6 
....  — I  -16 


-1-56 

+3-96  -2  40 
—2 '40  +2-40 
—  1-48 
+2-41 

•93 


Correlate  equation& — Continued. 


V. 

(49 

(50 
(51 
(52 

(53 

(54 
(55 
(56 
(57 
(58 

(59 
(60 

(61 
(62 

(63 
(64 
(65 
(66 

(67 
(68 

(69 
(70 
(71 
(72 


•J    I       Cx4       C15 


Cx6 


-17 


C18 


.19 


.30 


Cat 


Caa 


Ca4  C34 


C35 


C36 


C37 


C40 


09 

—I 

+1 

+  1-98 

-1097 

-0-79 

I  0 

+1 

—  I 

-I -19 

I  '0 

+  1 

—  I 

0-9 

+  1 

—I 

-1-67 

I'O 

«  ■   • 

■    •   • 

■    •    • 

•    •    » 

~; 

+1 

•  •  •  • 

•   •  •   • 

■  •  •    • 

■  ■  •  » 

•  *  •  • 

.  •  .  . 

•  •  •  • 

+  1-67 

0-9 

■ 

—I 

4-1 

-079 

-  0-79 

. 

+079 

3-6 

+11-76 

3-6 

—  I 

-3 -61 

-3-6i 

+3 -61 

I  -0 

—I 

+  1 

+4  "41 

+  4-41 

-080 

-3 -61 

09 

■  •  • 

+1 

... 

• 
... 

•    •   * 

—I 

•  •  • 

•  •  •  • 

•  •  1   • 

•  ■   •  • 

— o-8o 

-  080 

+  i"52 

•  •  •  • 

-073 

I  'O 

+1 

-073 

+073 

09 

—  I 

+045 

09 

—  I 

+  1 

+0-61 

09 

+  1 

-I  05 

I -I 

■  ■  • 

k  •    • 

.  •  • 

... 

•   •    • 

•  •  • 

■  •  • 

•  •  •  k 

•  •  •  » 

—I 

•  •  ■  ■ 

.  ■ . . 

•  •  •  • 

-2-83 

-2-83 

10 

—I 

+1 

+4-46 

+2-83 

09 

—I 

fl 

-0-79 

-1-63 

+o'79 

09 

—  I 

+x 

+3 '28 

-079 

I'D 

+  1 

-2-49 

10 

•  •  • 

•  ■    • 

... 

•  .  . 

... 

—X 

•  •  ■ 

a  •  ■   * 

•  •  «    • 

.  •  •  ■ 

•  «-r*« 

.  •  •  a 

-364 

•  •  •   • 

+364 

I '3 

+x 

—  X 

+4  91 

-364 

I -I 

+1 

—  I 

1 

-1-27 

--0-98 

-098 

1*0 

+  1 

—I 

+2-64 

+0-98 

I -I 

+x 

-1-66 
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(c)  Figure  adjustment — Continued. 
Correlate  equations—Completed, 


V. 

2.S 
P 

C.I 

C» 

c«, 

Cm 

Cas 

Ca6 

Car 

C37 

C38 

C39 

C40 

(73) 

10 

—I 

+  1 

+  108 

(74) 

I-I 

+1 

—I 

— 108 

(75) 

I  I 

+1 

—  1 

+  2 '00 

-1-98 

—  1-98 

(76) 

10 

—I 

+  1 

—  X'98 

+  1*98 

+  1-98 

(77) 

1-2 

•  •  *  ■ 

•  •  «  • 

—  I 

•  ■  •  • 

+1 

•  •  •   • 

•  «   •  • 

•  *  •  • 

— 0'02 

■  •  •  • 

«  «  •  • 

(78) 

I -I 

—I 

+  1 

(79) 

09 

—I 

-I  13 

(80) 

09 

4-1 

-I 

+  1-41 

(81) 

i-o 

-M 

— 0-28 

(82) 

I'O 

•  •   •  • 

•  •  •  • 

—I 

•  •  ■  • 

•  •  •  ■ 

•  •   ■  • 

•  •  •  • 

-2-56 

■    •  • 

«  •  •  ■ 

•  •  •  • 

(83) 

I '2 

+: 

—I 

+6-32 

+3-76 

(84) 

I  "O 

—1 

-3-76 

-5  02 

(85) 

1 
1   0 

+1 

+  1 

+  I'26 

(86) 

I  -o 

. 

+1 

—  I '20 

(87) 

1  0 

•  •  ■  • 

•  •  •  • 

•  •  •  « 

-  1 

•  •  •  • 

+  1 

•  •       ■ 

+  2-36 

•  •  •   « 

-  7  97 

+  I'i6 

(88) 

10 

41 

-TI6 

-I  16 

(89) 

I'O 

+  18-80 

(90) 

I'O 

—I 

—  I 

+0-72 

(91) 

I'O 

+1 

—  I 

-4  93 

+  4 '93 

+4 '93 

c, 


C4 


Nortnal  equations. 
C5        Qt        C7 


•10 


C„ 


■19 


«3 


I 

o=— 0  -275 

+3 

•9 

1-9                  19 

2 

o=-fo-535 

-f3 

-8 

+  1 

•9 

3 

0— —0-295 

+3 

•9 

—  I 

•9 

—2  -0  -  2  0 

4 

o=-f  I  084 

-^5 

•8 

—  2-0 

5 

o=-i-o'ioi 

•  • 

•  • 

•   • 

•   « 

•  • 

■     • 

•  « 

•  « 

4-6*1  -^2  -o  -t  I  -9 

•   •■•           ■•••            ••••         •■•• 

■  ■  •  • 

•  •  •  ■ 

6 

0— — 0059 

-f6o  —I  9 

—2*1 

7 

0— 0-134 

-57 

8 

0—— 0-932 

• 

-59  —JO  —1-9 

9 

0=^0 -1 1 1 

-6-3 

—2  -2 

10 

0— -ho -21 1 

•  • 

•  • 

•  • 

*   • 

•    m 

>    • 

•  • 

•  • 

•   ■■•           •••■           •■■• 

~*~5  8       ^9 

«    ■    •    • 

—  2-0 

II 

0      —0  -276 

+57 

—  2-0 

12 

o=— 0*622 

+6-4 

13 

0=4-0-673 

-^6-6 
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(c)  Figure  adjustment — Continued. 

Normal  equations — Continued. 

^14     V.15    V-16    ^17     v-x8    ^J9    V-ao    ^21     V-aa    ^.93    V,a4      v-a5 


II 

13 

14 

15 
16 

17 
X8 

20 
21 
22 

23 

24 

25 
26 


I 

2 

3 
4 

5 
6 

7 
8 

9 

10 

II 
12 

13 
14 
16 

25 

27 
28 

29 


Ca6 


0= --0*276 

o=-fo*673 
o=-}-o'4i4 
o=— I  043 
o=— 0*522 
0= +0*651 

o=-o'334 
o=- 1*324 

0=^0*195 

o=— 0*510 

o=-f  o  -848 

o=-i'557 

0=4-0'222 

0=4-1*573 
0= -0*759 


-1*8 

-25 
-f5  7    -I  '9  — 2"o 

^5  -8  —2  -I  —I  *8 

....      » . • .     i~9  o      •••.      ....      ....      ....      ....      ....      ....      •..• 

+5  7  -1*9 

^5  -6  —I  -8 

-f6*i  —2-3 

-j-6*i  —2*0 

+6*1  — 2*o     —2*1 

4-6  'o  —2  o 
-^6•4 

-r6-3 


0= 
0= 
0= 
0= 
0= 
0= 
0= 
0= 

O: 
0= 
O: 
O: 
O: 
O: 
O: 
O: 
O: 
O: 
O: 


30    I    0= 


31 

32 

33 


O: 
O: 
O: 


-o  275 

+0535 

— o  -295 

4^1  -084 

4-o*ioi 
— o  059 

-0*134 

— o  932 
1-0 'III 

+0*2II 

— o  '276 

— O  '622 

+0  *673 
-^0*414 

— O  '522 

+ 1  '573 
-o  424 

+4*93 
+  1-83 

-3  59 
4-0.60 

+  1*97 
-1*66 


-a? 


Normal  equations— ConXinued. 

Ca8  ^20  V>i 


89 


+    4*56 

—  12*03 
+  2  -11 
-f-II  '62 
-f    9  92 

—  4 -16 


-r  8*30 
-II  77 
-f  12*47 
-r  5*41 
+  5 '41 

—  I  *3i 


-30 
-r  I 'OS 

-)-    6 '02 

- 13  -58 

—  14*60 

-f  14*90 


L.«i 


-2*4 

—2*1 
4-6  *4      —  2  'O 

....     +4  "I 

C,3 


+  076 


-  3*50 

-rio*ii 

—  4*24 

—  10*11 

—  10*25 
i-  2*58 

—  578 

—  I  89 

—  7  'OO 
-i-  3'ii 

-r  2*49 

—  0-68 


4-    2*11 


-  3*45 
4-  8*06 

-f-i4'25 

-1572 

-  408 

-  -   I  *o7 


-  578 

-12*35 
-t-i8*88 

-  0-56 

-  I '94 


-f-2*0 

-f4*o 


+230*17 


-  9-48 

-115*30 

+115  "34 

+     I  46 

-77*76 

+  3*38 

•  •  •  • 

+242  32 

-23  '97 

•  •  •  • 

•  ■  •  « 

+194  71 

-69  25 
4-310*66 

+24*89 
—221  '34 
4-230*26 

586 


3 

o=  — o  295 

4 

0—  -f  I  -084 

5 

0— -foioi 

6 

0=  -0  059 

7 

0=  -0-154 

8 

0=    0-932 

lO 

0—  ♦  0  -211 

II 

0      —0  -276 

21 
22 


27 

28 


30 
31 


— o  -622 

+0-673 


12  O: 

13  O: 

14  o=-f  0-414 

15  0= 

16  O: 


17  I    O: 

18  O: 

19  '    O: 

20  O: 


O: 
O: 


23  O: 

24  O: 

i 

25  0  = 

26  O: 


O: 
O: 
29         O: 


O- 
O- 


32         0  = 

33  0= 

34  0= 

35  ,  0= 

36  0= 

37  I  0= 

38  0= 

I 

39  3= 

40  0= 


-I -043 

-0-522 

4-0-651 

-o  '334 

- 1  '324 

-ro-i95 
-0-510 

-f  o  -848 
I  '557 

4-0  '222 

-  I  '573 
-0  759 
-0  424 

4-4-93 
-1-83 

-3  '59 
ro-6o 

4-1  97 
I  -66 

-TO  -33 

4-8-55 

-l-I  '22 

-372 
—  I  -72 

-3*34 
-8-55 


UNITED   STATES   COAST   AND   GEODETIC   SURVEY. 

(c)  Figure  adjustment — Completed. 
Normal  equations — Completed. 

C34  Cjs"  C36  C37  C^  C3g 


-r    I  -20 

-  Z'i5 
4-  572 

-  470 
4-  I  72 

-  2-41 

-r   1*33 

-  2  64 
+  12-88 
-L  0-26 

•   •   •   • 

•    o  -01 


:     I  -08 

"  3  "33 
-15-00 

-20  -54 

126  96 


-r  7*63 
4-14*25 
-18-67 
+  8-OI 


O'OI 


-f-  5 '27 


-r55  '25 
-f  723  76 


o'57 


-f  2  -12 

-  4*43 
4-  1-84 
4    2  25 

-  5  30 

4^  7  92 

—    4  '12 

4   0-69 


4-  3*29 

—  lO'OO 

+  12  -72 

4- 100  -34 


t   039 

—  2  -21 

-  2-18 
+    860 

f  4  05 

-  7-58 

+    2    36 
f    2-56 


4-  2*53 

+  122-15 


4-  4  "54 
+  2  -20 

-  6  95 

4^  0-75 

4-  5  56 


4-  5  79 
4-  2-95 

-  8-74 


•  •  •  ff 


■f  47  "39 
4-76-90 


—18  -81 

-32  -58 

4-449  '50 


V.40 

- 10  -72 

—  2  -II 
--  8-60 

4-  7*55 

—  2-58 

—  o-8o 


+  099 

-  1-69 

4-  6-57 
—14-04 

-  0-79 

-  7 '94 
4-  5 '40 

"  2-33 

-t    010 

+  2-63 
4-  2-95 
4-  0-39 

4-56  -29 

415*15 

-  3*76 
-75  '97 
4-  7*51 

—82  -04 

-78-15 
-52  *49 
+  28  00 

-32  -58 

4-23  29 

+261  -61 


LAJNC5CUiN  1  ilNCJN  1 

AL,    lK.lAJNIjUJ-rAJ 

lUIN rAK  1    ill — 1 KJ 

LAJNLrU 

i^AllUJN. 

Resulting  values  of  correlates. 

C,=-l-o-226  6 

C„=+o-273  6 

C«=+o-i23  8 

C3r  = 

=  +0  -085  5 

Ca-— 0223   8 

C„- +0-251  8 

Ca=— 0  -088  3 

C3a= 

=  +0*076  0 

Ca—h 0-532  8 

C.3=+o-o8o  3 

C„=f  0-141  7 

C33  = 

=  —0*072  04 

C4=— 0044  6 

C.4=+o  -154  0 

Ca4=      0-047    7 

C34  = 

=  +0*136   I 

C5=-o-03i  7 

C,5— +0-400  9 

Cas= -0-300  5 

C35  = 

=  -  o-ooo  33 

C6=-f-o-i34  3 

C,6=+o-254  0 

C^-+o-038  3 

C,6  = 

=  +0-087  5 

C7=-Lo-2i8  I 

C,7=— 0029  7 

C^=+o-i55  0 

C37  = 

=  — o*o88  8 

C8= +0-263  8 

Crt=+o-2i3  4 

Cas-^-0051  0 

C38  = 

=+0-113  7 

C9= +0-148  5 

Ci9=+ 0-531  2 

Ca9- +0-084   3 

C39= 

=+0*005  51 

C,o  =  -fO-I29    T 

C»= +0-169  3 
Corrections  to 

C3o=— 0-020  74 
angular  directions. 

C40: 

=-^0*188  8 

// 

ff 

// 

// 

(i)  =  -o-229  3 

(24)-    0-0495 

(47)  =  - 0-004  9 

(70^ 

l  =  — 0*180  0 

(2)— 0-057  5 

(25) =+0-053  9 

(48)  =  +0-087  5 

(7^: 

l  =  -fo-i62  7 

(3)=+o-322  9 

(26)  — -0-131  6 

(49)  =  +0-333  7 

(72; 

)— +0-065  0 

(4)  =  — o'oiS  4 

(27)—  -0-269  0 

(50)=  1  0-021  7 

(73: 

)  —  -  -0  -008  2 

(5)  =  -o-i42  I 

( 28)  =-r 0-373  3 

(51)=     0-243  I 

(74^ 

)  =  — 0-035  6 

(6)  =  — 0-246  6 

(29)--  0-058  5 

(52)  =  -o-244  I 

(75' 

)=— 0*267  6 

(7)=-f-o-422  I 

(30)  =+0-056  3 

(53)-     0-0466 

(76; 

) -+0*498  4 

(8)=    0-247  3 

(31)=     0-092  7 

(54)  =  +o-i55  I 

(77' 

)-    0-533  4 

(9)  =  — 0*041  0 

(32)=    0-1348 

(55)=   -0-014  0 

(78; 

)=— 0-253  0 

(io)=-f  0-375  3 

(33)  =  +o-209  0 

(56)  =  -o-225  0 

(79; 

)=-j-o-i69  7 

(11) =4-0 -200  I 

(34)- -0-341  0 

(57)= -0  299  8 

(80; 

)=    0-3197 

(12)  =  — 0-247  6 

(35)  =  +o-24o  4 

(58)=    0-2193 

(81; 

|  =  -f  0-166  6 

(13)-- rO"2i5  7 

(36)  =  -f  0-072  3 

(59)  =  +0*605  I 

(82; 

1 =+0*085  6 

(14)— 0 '082  3 

(37)  =  +0-383  4 

(60)=  -0-156  6     , 

(83; 

)  =  +0-370  2 

(15)  — +0*023  6 

(38)  =  -o-i39  4 

(61)  =  +0-266  8 

(84; 

>=    0-391  9 

(16)-    0-3330 

(39)-    0081  3 

(62)=— 0-109  4 

(85; 

l  =  — 0*002  2 

(17)=  10-067  9 

{40)=    0-035  8 

(63) --0-258  8 

(86; 

1  =+0*261  6 

(18)— -r  o-o66  3 

(41)  =  — 0-058  0 

(64)-     0-033  2 

(87; 

)  = +0-051 -5 

(i9)=+o-o53  6 

(42)  =  -0-354  9 

(65)-+o-i6i  4 

(88; 

>  =  -o-i63  7 

(20)=— 0-009  7 

(43) =^  0-429  0 

(66) -+0-084  3 

(89^ 

)-+o-io3  6 

(2i)  =  -o-i75  9 

(44)  =  -0-089  8 

(67)- -0-004  5 

(90; 

) — ro-227  4 

(22)— —0-018  I 

(45)=     0-0994 

(68)  =  -o-i62  5 

(91; 

1 =+0-058  7 

(23)=+o-i96  3 

(46) -+0-095  6 

(69)  =  +0-135  6 

588 
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No.  Stations 


I  < 


(d)  Adjusted  triangles,  Utah,  Nevada,  and  California. 

Correc-     ^P^^^"      Spher- 
Observed  angles.       tir^ne  '        ^"^  ^^^  ^?  •^• 


Mount  Lola 
Mount  Diablo 
Mount  Helena 


Round  Top 
Mount  Diablo 
Mount  Helena 

Round  Top 
Mount  Diablo 
Mount  Lola 

Mount  Lola 
Round  Top 
Mount  Helena 

Mocho 

Mount  Tamalpais 

Mount  Diablo 


Mocho 
6  \   Mount  Diablo 
Round  Top 

Mount  Conness 
Mount  Diablo 
Round  Top 

Mount  Conness 
8  \   Mocho 

Round  Top 

Mocho 

Mount  Diablo 
Mount  Conness 


tions. 


angles,     excess. 


Distances 
in  metres. 


// 


28  49  08  '348 

73  06  32  769 

78  05  16  '661 

57  778 

27  47  26  -403 

97  32  05-482 

54  41  18  960 


50  "845 
96  40  15-471 
24  25  32  -713 
58  54  55*365 


43  '549 
87  43  63-713 
68  52  49  -068 
23  23  57  -701 


50  -482 
26  16  13  -174 

23  47    55965 
129    55     57  '021 

6 -160 
80  34  51975 
82  43  67-395 
16    41     26  -805 

26-175 
54     14     19-252 

24  49    05976 
100    57     20  565 


45  793 
67  23  41  -171 
28  21  II -501 
84     15     53  760 

46  432 
T08    55     63  -476 

57    54    61  -419 
13    09     21  -919 

26  -814 


// 


// 


// 


— o  -448  07  -900  19  -081 
-0-229  32*540  19*081 
-ro  -142     16  -803     19  -081 


57  '243 
4-0*106    26-509     17-047 

— o  -058    05  -424     17  -046 

-ro-247     19-207     17*047 


51  -140 
—0-251  15-220  14*431 
-rO-172    32-885     14-432 

-o  -175  55  '190  14  "432 


5  '032  332  5  107  728  -96 

5  *330  156  4  213  873  23 

5  '339  857  7  2x8  704  -43 

5  '032  332  5  107  728  -96 

5  *36o  026  7  229  100  *84 

5  -275  465  4  188  566  -86 

5*339  857  7  2x8  704-43 

4  -959  228  2  91  039  -14 

5  *275  465  4  x88  566  -86 


43  '295  I 

— o  -623  63  -090  16  -466  5  -360  026  7  229  100  -84 

-o*357  48  711  16-466  5*3301564  213873-21 

— o  -104  57  -597  16  -466  4  -959  228  2  9X  039  -14 


49*398 
—0-166  13-008   2 -145 

H-O-422   56-387    2  145 
-ho -019   57-040    2  145 


-r-o  -158  52  -133 

-0039  67*434 

— o  -298  26  -507 


6-435 
8-69X 

8-692 

8-691 


26  -074 
— o  '186  19  '066  15  -284 
-0-380  06-356  15-284 
-0135  20-430  15-284 

45  '852 
— o  -082  41  -089  15  -575 

4-0-214  IX -715  15*575 
--0*162  53-922  15-576 

46  726 
-TO  372  63-848  8-982 
-  -o  -34X  61  -078   8  -983 

4-0  -103   22  *022    8  -983 

26*948 


4  779  637  7  60  205  -71 
4-739  494  2  54  890-12 

5  -0x8  315  9  104  307  -60 

5  -275  465  4  188  566  -86 

5  277  860  6  189  609-73 

4*739  494  i  54  890-11 

5  -275  465  4  188  566  -86 

4  -989  137  4  97  529  -81 

5  -358  240  4  228  160  -48 

5*277  860  6  189  60973 

4*989  137  4  97  529*81 

5  *3io  407  7  204  365  -52 

5  -358  240  4  228  160  '48 

5  *3io  407  7  204  365  -52 

4*739  494  i  54  890-11 
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{d)  Adjusted  triangles,  Utah,  Nevada,  and  California — Continued. 


No. 


10 


II 


13 


14 


15 


16 


Stations. 


Mount  Como 
Round  Top 
Mount  Lola 

Pah-Rah 
Mount  Como 
Mount  Lola 


Mount  Grant 
1 2  {   Round  Top 
Mount  Como 


Mount  Grant 
Mount  Como 
Pah-Rab 

Carson  Sink 
Mount  Grant 
Mount  Como 

Carson  Sink. 
Mount  Como 
Pah-Rah 

r  Pah-Rah 
Carson  Sink 
Mount  Grant 


Mount  Conness 

17  {   Round  Top 
Mount  Grant 

Toiyabe  Dome 

18  \   Mount  Grant 
Carson  Sink 


Observed  angles. 

o       /  // 

71     46     23  '128 

69    01     21  '198 

39     12     27  "817 


12-143 
62    37    05-836 

58  59  38-087 
58    23    32  -902 

16  825 

34  23  52977 
46  21  05  874 

99  15  13  142 

'  I  *993 
26  21  30  -009 

129  58  45*643 

23  39 

36  46  34 '170 
72  36  09-537 
70  37  39*007 


22  714 

42  43  59*074 
59  20  66  '636 
77  55  16-856 

22  -566 

54  15 

79  30  33*244 

46  14  39*52S 

71  52  51  -927 
46  59  56  -892 
61  07  31  025 


19  844 
60  28  33  -100 
53  27  24  -722 
66  04  34*633 


Correc- 
tion. 

// 

-fo-115 

f  o  -401 


Spher-  Spher- 
ical       ical 
angles,  excess. 


// 


// 


23  "243   4  *359 
21*599   4*358 
-rO-416  28-233   4-358 


-0  168  05  -668 

— o  149  37  '938 

-}-o-2o6  33-108 

-ho  -058  53  035 

— o  002  05  -872 

— o  '267  1 2  -875 


13  "075 
5*572 
5*571 
5*571 

16  714 

3*927 
3*927 
3*928 


Log  J. 


4  -959  228  2 
4*951  801  5 
4  782  386  2 

4*951  801  5 
4  936  443  9 
4*933  671  6 

4  -782  386  2 
4  -889  880  9 
5-024  709  I 


Distances 
in  metres. 


91  039  14 

89  495  *56 
60  587  -94 

89  495  '56 
86  386  11 

85  836-42 

60  587  -94 

77  603  -44 

105  854  '45 


II  -782 
-T-0-046  30-055   4*320    4*9336716   85836-42 
4-0-302  45*945   4*319  ,  5*170  715  I  148  154*59 


56  959   4  320 


— o  -091  34  079 

-f  o  -023  09  -560 

f-0-344  39*351 


12-959 

7*663 
7*664 
7*663 


22  -990 

f  o  -083  59  -157   7  "729 

-o  042  66  594   7  729 

-f-o  -581  17  -437   7  *73o 


4  -889  880  9  77  603  "44 

4  -889  880  9  77  603  -44 

5  '092  359  5  123  697  10 
5  -087  382  7  122  287  -65 

4  '933  671  6  85  836  -42 

5  *o36  732  7  108  826  -03 
5*092  359  5  123  697-10 


23  -188 

20  -477  1 1  -073 

-0008  33-236  II  073 
0-022  39-506  11-073 

33  *2i9 

0137  51*790   6-391 

-0-013  56-879   6-390 

— o  523  30  502   6  -390 

19-171 
—0*312  32-788  10*680 


5  -087  382  7 

5 '170  715  I 
5  *o36  732  7 


1 22  287  *65 

148  154*59 
108  826  '03 


5  -024  709  I  105  854  -45 

4  -910  909  9  81  453  '53 

4  *989  137  4  97  529  *8i 

5  *o87  382  7  122  287  *65 


-0*297  24-425  10 -680  I  5  052  722  I  112  907-29 
-ho -195  34-828  10-681  I  5*1087799  128463-56 


32  455 


32  041 


590 
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No. 


{d)  Adjusted  triangles,  Utah,  Nevada,  and  California — Continued. 


Stations. 


Observed  angles. 


angles,  excess. 


Log^. 


Distances 
in  metres. 


0 

/ 

// 

// 

// 

ff 

Lone  Mountain 

69 

16 

41  720 

-t-o-o8o 

41  '800 

9*222 

5  -108  779  9 

128  463  -56 

19 

Mount  Grant 

41 

15 

32-471 

^  0  -784 

33  '255 

9*222 

4  957  002  6 

90  573  -82 

Toiyabe  Dome 

69 

28 

12*433 
26  -624 

-^0-179 

12  -612 

9  '223 

5  -109  327  4 

• 

128  625  -60 

27*667 

r  Mount  Conness 

25 

39 

«   •  •  • 

•   •  •  • 

14*969 

5-878 

5  -108  779  9 

128  463  -56 

20  ' 

Mount  Grant 

138 

24 

61  -739 

-f  0  -738 

62  *477 

5-879 

5  -294  365  5 

196  954  -33 

Toiyabe  Dome 

15 

55 

59  '841 

TO  -348 

60-189 

5-878 
17  -635 

4*910  909  9 

81  453*53 

r  Mount  Conness 

52 

37 

50*082 

1 

+0  -642 

50  -724 

8*799 

5  -109  327  4 

128  625-60 

21 

Mount  Grant 

97 

09 

29-268 

-0  045 

29  -223 

8-799 

5  -205  720  4 

160  590  -72 

Lone  Mountain 

30 

12 

66*525 
25  "875 

0-075 

66-450 

8*799 
26  *397 

4  -910  909  9 

81  453*53 

Mount  Conness 

26 

58 

■   •  •   • 

•    •    •    • 

35  755 

12*143 

4  -957  002  6 

90  573 -82 

22 

Toiyabe  Dome 

53 

32 

12-592 

—0-169 

12  -423 

12-143 

5  -205  720  4 

160  590  70 

Lone  Mountain 

99 

29 

48  -245 

—0-006 

48*251 

12*143 
36  -429 

5  -294  365  5 

196  954  '33 

Mount  Callahan 

63 

24 

23  '340 

0  376 

22  964 

8-691 

5  -052  722  I 

112  907  -29 

23 

Toiyabe  Dome 

61 

40 

31  -378 

-    0-265 

31  •113 

8-690 

5  045  902  0 

III  148  09 

Carson  Sink 

54 

55 

32  004 
26  722 

0  'OIO 

3  r  '994 

8-690 
26  071 

5  -014  250  6 

103  335  -74 

Diamond  Peak 

40 

10 

67  703 

0-089 

67  -614 

8-394 

5  -014  250  6 

103  335  -74 

24 

Toiyabe  Dome 

37 

47 

57  -643 

— o-oc)i 

57  642 

8*394 

4  -991  899  7 

98  152  13 

Mount  Callahan 

102 

01 

19  '503 
24  -849 

-0  -424 

19  -927 

8*395 
25  -183  . 

5  -194  906  6 

156  641  -41 

White  Pine 

30 

02 

13-686 

-r  0298 

13  -984 

12-874 

4  957  002  6 

90  573  -82 

25 

Lone  Mountain 

70 

58 

21  456 

-  0  824 

22  280 

12  -874 

5-233  181  I 

171  072  -83 

Toiyabe  Dome 

78 

59 

62  *i55 
37  297 

—0  202 

62  *357 

12*873 

38-621 

5  -249  533  5 

177  637-04 

Diamond  Peak 

69 

25 

33  -644 

0077 

33  -567 

17  767 

5-233  181  I 

171  072*83 

26 

White  Pine 

59 

00 

36  559 

0316 

36  243 

17-766 

5*194  906  6 

156  641  40 

Toiyabe  Dome 

51 

34 

43  '291 
53*494 

^0-198 

43-489 

17-766 
53  299 

5  *I55  806  4 

143  154-98 

Wheeler  Peak 

62 

48 

33  '104 

-0  028 

33  076 

13-962 

5  -155  806  4 

143  154-98 

27 

White  Pine 

65 

00 

37  -554 

TO  343 

37  -897 

13-961 

5*163  979  8 

145  874  65 

Diamond  Peak 

52 

II 

30*717 

-0195 

30  -912 

13*962 

5  104  322  6 

127  151  -82 

41  -375 


41-885 


I 
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{d)  Adjusted  triangles,  Utah,  Nevada,  and  California — Completed. 


No. 


33 


Stations. 


Pioche 

28  \  White  Pine 
Wheeler  Peak 

Tushar 

29  {   Pioche 
Wheeler  Peak 

Ibepah 

30  {   Wheeler  Peak 
Diamond  Peak 

Ibepah 

31  ^   Tushar 
Wheeler  Peak 

Mount  Nebo 

32  ^   Tushar 
Wheeler  Peak 


Mount  Nebo 
Wheeler  Peak 
Ibepah 


Mount  Nebo 

34  {  Tushar 
Ibepah 

Pilot  Peak 

35  {   Mount  Nebo 
Wheeler  Peak 

Ibepah 

36  {  Wheeler  Peak 
Pilot  Peak 


r.K       ^        1  Correc       ^pher-    Spher- 

Observed  angles.  ..  ical         ical 

angles,    excess. 


Log  s. 


Distances 
in  metres. 


o  /  // 

61    45    62-433 

51  43  37*675 
66    30    54-288 

34  396 
39  24  53610 
82    32     20  600 

58  03     27-428 

41  -638 
61     06    60 '345 

82     13     17  -832     I 
36    40     18549     ' 

36  726 

60  21  30*668 
29  15  27*917 

9^^  23  47 '348 

I 

45  '933 

48  03  65-671 

88  16  31  *284 
43  40  3''^ '377 

75  332  I 
23  07  63-497  ! 
46  42  68  -971 
10  09  30  -489 

42  '957 
71  12  09*168 

59  ^o  63*367 

49  47  59 '821 

72  356 

61  30  45 '445 
56  59  86  -980 
61  30    

154  12  35  -600 

14  47 

10  59  60  -828 


// 


// 


// 


-0-489  61-944  11-183  '  5*1043226  127151-82 
0*098  37*577  11*183  '  5*0542326  113300-72 
-0-261  54*027  11*182    5-121  780  I  132367-11 


33  *548 

-ro  285  53  -895  14  398  I  5  -054  232  6 
-ro  -486  21  -086  14  -399  ^  5  247  845  6 


^0-786  28-214  14*398 

43  '195 
-0-215  60-130  12 -168 

-0*232  17*600  12*168 

^0*225  18*774  12 -168 


5-180  217  3 

5  -163  979  8 
5-217  667  5 

4  '997  793  9 


"3  300-72 
176  948  -00 

151  431  '85 

145  874  -65 
165  069  -75 

99  493  '31 


36  504  I 

-0-210  30-458  14-898  '  52478456  176948*00 

0-762  27*155  14-898    4*997  793  9  99  493  *3i 

-  o  266  47  -aS2  14  899    5  *3o8  765  3  203  594  -16 

44  695  . 

-0*169  65*502  24586    52478456  176948*00 

-0*372  30*912  24*587    5*376  155  4  237  769*09 

-  I  032  37  '345  24  5S6    5  '215  521  5  164  256  -13 


o  '059  63  *438 
o  766  69  -737 
0*052  30*541 


73  "759  i 

14-572  !  4-997  793  9  99  493 '31 

14  -572  5  '265  702  7  184  375  *27 

14*572  53761554  237769*08 


43*716 

-  o  -227    08  -941     24  •260 
-rO  390    63  757     24  -260 

:  o  '261     60  *o82     24  *26o 

72  *78o 
—0*104  45*549  40-118 

—  0*059    86-921     40*118 

47*885     40*119 


5  -308  765  3 
5  265  702  7 

5*215  521  5 

5  "376  155  4 
5  •355  824  I 
5*376  158  I 


203  594  -16 
184  375  *27 
164  256*13 

237  769*08 
226  894  -59 

237  770-57 


120*355 
-o  052    35  -548      4  876         5  -355  824  I     226  894  -59 

....     38-150      4*877  .    5*1243234     133144*58 

-fo  -104    60  -932      4  877  I     4  997  793  9      99  493  -31 

-        -  I 

14  '630  I 
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(^)  Precision  of  the  adjusted  triangulation. 

For  a  close  estimate  of  the  precision  of  the  Nevada  series  of  triangles,  we  find 
first  the  mean  error  of  an  angle  resulting  from  the  adjustment  by  the  expression — 

m  =  ^  — L^^^l^  in  which  ^  may  be  taken  as  unity.     Then   [vv]  =4*37,  ^=40,  and 

m  =  ±z  o"'47.     The  probable  error  in  length  of  any  line  of  the  series  due  to  the  angular 
ineavSures  is  found  by  the  usual  formulae — 

We  will  compute  the  probable  error  in  length  of  the  line  Tio3'abe  Dome- Lone 
Mountain,  which  is  about  midway  between  the  two  base  nets.  Starting  from  the  side 
Ibepah-Mount  Nebo,  of  the  Salt  Lake  Base  Net,  we  have  <y«„  =  4'8,  2  =  74*6  (5  tri- 
angles) ,  ^''•n  =  db  0*463  metre,  ^a  =  zb  0*329  metre,  and  e^  =  ±:  0*568  metre.  Starting  from 
the  side.  Mount  Helena  to  Mount  Diablo,  of  the  Yolo  Base  Net,  we  have  -2"  =  92*0  (5 
triangles),  ^"n  =  ±0*514  metre,  e,.=  ±0*248  metre,  and  c  =  ±0*571  metre.     Then 

e  e 
e  =    I     -/^  —  =  ±  0*403  metre,  which  is  about  -^^j^jf^jf  part  of  the  length. 

For  the  effect  on  the  developed  length  of  the  arc,  the  distances  being  taken  between 
the  middle  points  of  the  terminal  lines  projected  on  the  thirty-ninth  parallel,  we  have 
approximately  tne  following  values: 

Terminal  lines.  Distance.  Probable  errors.  Average. 

kw.  m. 

Ibepah  to  Mount  Nelx)  and  Toiyabe  Dome 

to  Lone  Mountain  397  o  jTTfSffty  and  u^t^ito  ^tj^j^sij        =ti  -60 

Toiyabe    Dome   to    Lone    Mountain    and 

Mount  Diablo  to  Mount  Helena  420*1  2  2:;^,7?yTT  and  ^Try^ijo  ^rr^sirs        ±i"5i 

817-1  dr3*II 

(/)  Description  of  stations  situated  between  the  base  nets. 

Mocho,  Santa  Clara  Comity,  California;  established  in  1875  by  W.  Eimbeck.  This 
station  is  situated  on  the  summit  of  the  highest  peak  of  the  group  of  mountains  lying 
to  the  eastward  of  Santa  Clara  Valley,  on  the  eastern  flank  of  the  Mount  Diablo  Range 
and  overlooks  the  San  Joaquin  Valley.  It  is  about  i  r  Vc  miles  northeast  from  the  Lick 
Observatory  on  Mount  Hamilton  and  about  30  miles  southeast  of  the  town  of  Livermore, 
and  is  reached  by  wagon  and  pack  animals  over  a  rough  road. 

The  geodetic  point  was  marked  in  1879  by  a  copper  bolt  sunk  in  the  rock,  over 
which,  in  1887,  was  built  a  concrete  pier  45  inches  high  by  24  inches  square,  enlarged 
at  the  top  to  26  inches,  to  receive  the  theodolite. 

The  geodetic  point  was  transferred  to  the  top  of  the  pier. 

Round  Top,  Alpine  County,  California;  established  in  1876  by  W.  Eimbeck.  This 
station  is  situated  on  a  peak,  on  the  crest  of  the  Sierra  Nevada  Range  of  mountains, 
popularly  known  as  Round  Top.  It  is  the  highest  and  most  easterly  pinnacle,  about 
I  mile  south  of  Carson  Pass  or  the  main  summit  of  the  Amador  Grade.     It  can  be 
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reached  via  Carson  City,  thence  by  stage  via  Genoa  to  Woodfords,  32  miles  distant, 
thence  by  wagon  or  horseback  up  Hope  Valley  to  the  summit  of  the  Amador  Grade. 
The  ascent  to  the  top  of  the  peak  must  be  from  the  west  or  northwest. 

The  geodetic  point  is  marked  by  a  copper  bolt  five-eighths  inch  in  diameter,  set  in  a 
drill  hole  in  the  rock.  Above  this  was  built  a  pier  of  rough  stone  masonry  for  the  theodo- 
lite to  stand  on.  Three  other  piers  were  built  for  different  instruments — one  a  little  east 
of  north  and  the  other  two  nearly  west  of  the  geodetic  point,  and  all  were  left  standing  to 
serve  as  reference  marks. 

No  difficulty  was  experienced  in  finding  the  point  when  it  was  visited  in  1893. 

Mount  Lola,  Nevada  County,  California;  established  in  1876  by  W.  Eimbeck.  This 
station  is  situated  on  the  southernmost  summit  of  the  high  ridge  between  Weber  and 
Independence  lakes  and  the  town  of  Meadow  Lake.  Independence  Lake  lies  at  the 
southeast  base  of  this  ridge  and  Browns  Valley  is  on  the  opposite  side.  The  station  is 
about  25  feet  northwest  from  the  highest  part  of  the  mountain.  It  can  best  be  reached 
from  Truckee  by  stage  or  private  conveyance  15  miles  to  Jansen's  Hotel  at  the  east  end 
of  Independence  Lake,  from  whence  it  is  about  a  three  hours*  ride  up  the  eastern  slope 
of  the  mountain  to  the  station. 

The  geodetic  point  is  marked  by  a  cross  cut  on  the  top  of  a  five-eighths  inch  copper 
bolt  set  in  a  heavy  capstone  firmly  embedded  in  a  rough  stone  pier  laid  in  cement.  This 
capstone  is  about  15  inches  above  the  natural  surface  of  the  ground  and  3  feet  9  inches 
above  the  base  of  the  pier.  The  pier  was  then  built  higher  and  surmounted  with 
another  capstone  24  inches  square  with  a  hole  drilled,  through  it,  marking  the  point. 
The  pier  was  surrounded  by  a  stone  wall,  about  6  feet  distant,  to -serve  as  a  wind-break. 
Three  brick  piers  on  stone  foundations — one  north  36° '5  east,  distant  27  feet  9^^  inches; 
one  north  44° '8  east,  distant  31  feet  3  inches,  and  the  other  north  27°  75  west — were  left 
standing  as  reference  marks. 

No  difficulty  was  experienced  in  finding  the  point  when  visited  in  1893. 

Mount  Conness,  Tuolumne  County,  California;  established  in  1879  by  L.  A. 
Sengteller.  Mount  Conness  is  a  lofty  peak  of  the  Sierra  Nevada  Range,  about  25  miles 
a  little  east  of  north  from  the  Yosemite  Valley,  about  10  miles  north  of  Soda  Springs  in 
the  Tuolumne  Meadows,  and  about  30  miles  southwest  of  the  California  and  Nevada 
boundary.  The  station  is  located  on  the  highest  pinnacle  of  the  summit,  which  is  a 
very  small  irregular  crag.  The  sheer  descent  around  four-fifths  of  the  summit  is  over 
I  000  feet  to  the  talus. 

The  geodetic  point  is  marked  by  a  cross  cut  on  top  of  a  copper  bolt,  five-eighths 
inch  in  diameter  by  6  inches  long,  projecting  3^^  inches  above  the  solid  rock.  Above 
this  was  built  a  solid  concrete  pier  26  inches  in  diameter  and  about  40  inches  high.  On 
its  upper  surface  was  embedded  a  copper  bolt  five-eighths  inch  in  diameter  by  4  inches 
long,  having  a  broad  spherical  head  with  a  small  silver  pin  in  the  center.  A  cross  cut 
on  the  head  of  the  bolt,  a  little  to  one  side  of  the  silver  pin,  marks  the  geodetic  point. 

Pah'Rah,  Washoe  County,  Nevada;  established  in  1874  by  W.  Eimbeck.  This 
station  is  situated  on  the  northernmost  of  the  three  principal  summits  of  the  Virginia 
Mountains,  the  middle  one,  about  3  miles  south,  being  the  highest. 

It  lies  just  south  of  Pyramid  Lake  in  the  great  bend  of  the  Truckee  River  and  is 
visible  from  both  Reno  and  Wadsworth,  two  towns  on  the  Central  Pacific  Railroad 
bearing  north  44°  east,  distant  26  miles  from  Reno,  and  north  44°  west,  distant  12  miles 
18732— No.  4 38 
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from  Wadsworth.     It  may  be  reached  from  either  place  by  road  and  trail — 35  miles 
from  the  former  and  20  miles  from  the  latter  place. 

The  geodetic  point  is  marked  by  a  half-inch  copper  bolt  cemented  into  the  bed 
rock  as  a  subsurface  mark,  over  which  a  stone  slab,  with  a  three-fourths-inch  drill  hole 
in  the  center,  was  firmly  cemented  in  position  as  a  surface  mark.  'Around  the  station 
was  built,  to  serve  as  a  wind-break,  a  rough  stone  circular  wall,  of^about  8  feet  interior 
diameter,  with  an  opening  to  the  northeast. 

A  stone  pier,  bearing  north  37° '26  east  and  distant  8*5  feet  from  the  geodetic  point, 
was  left  standing  as'a  reference  mark. 

Mount  Cofno,  Douglas  County,  Nevada ;  established  in  1879  by  W.  Eimbeck.  This 
station  is  situated  on  a  sharp  conical  peak  of  the  Como  Range  of  mountains  lying  between 
Carson  and  Mason  valleys,  about  20  miles  nearly  due  east  from  the  town  of  Genoa,  about 
20  miles  southeast  from  Carson  City,  and  about  17  miles  south-southeast  from  Dayton. 
It  may  be  reached  from  either  Carson  City  or  Dayton  by  wagon  road,  distant  about 
30  miles.  The  geodetic  point  is  marked  as  follows:  The  subsurface  mark  is  a  half-inch 
by  4-inch  copper  bolt  leaded  into  a  large  and  well-bedded  granite  rock.  The  surface  mark 
is  a  half -inch  drill  hole  in  the  center  of  a  large  flat  stone,  19  by  22  inches  square  and 
5  inches  thick,  firmly  cemented  to  the  top  of  a  stone  and  brick  pier  built  over  and 
around  the  lower  mark  to  a  height  of  9  inches  above  the  bolt.  A  ring  wall  of  stone, 
resembling  the  figure  6,  built  to  ser\^e  as  a  wind-break,  was  left  standing.  Lieutenant 
Wheeler's  monument,  about  35°  west  of  south  and  10  feet  distant  from  the  geodetic 
point,  forms  part  of  the  wall.  Two  piers,  one  north  and  one  south,  were  left  standing 
as  reference  marks.  Drill  holes  were  made  in  the  rock;  one  in  line  to  Round  Top, 
distant  6' 25  metres;  one  in  line  to  north  pier,  distant  io*6  metres,  and  one  in  line  to 
south  pier,  distant  7*24  metres,  from  the  geodetic  point.  Angle  at  the  center  between 
south  pier  and  Round  Top  is  71°  01'  and  between  Round  Top  and  north  pier  is  129°  51'. 

Mount  Graiit,  Esmeralda  County,  Nevada;  established  in  1878  by  A.  F.  Rodgers. 
This  station  is  on  a  high  peak  of  the  Wassuck  Range,  about  7  or  8  miles  west  of  the 
southern  end  of  Walker  Lake.  The  mountain  can  be  easily  recognized  by  its  three  sharp 
peaks,  one  of  which,  King  Peak,  stands  high  above  the  others.  The  station  is  on  the 
central  peak  about  200  metres  north  of  King  Peak.  The  nearest  railroad  station  is 
(1882)  Hawthorne,  just  south  of  Walker  Lake,  on  the  Centralia  and  Chester  Railroad, 
distant  about  10  miles  from  the  mountain. 

The  geodetic  point  is  marked  by  a  copper  bolt  sunk  in  a  rock  embedded  in  a  stone 
and  brick  foundation  pier,  the  top  of  which  extends  about  8  inches  above  the  bolt  with 
a  center  pit  in  which  a  notice  of  approximate  height  and  geographic  position  was 
embedded  in  cement.  A  stone  ring  wall  15*5  feet  interior  diameter,  with  a  long  wing 
projecting  to  the  southward  and  curving  around  the  vertical  circle  pier  (distant  32*5 
feet  from  the  center),  was  left  standing. 

The  wall  and  piers  will  serve  as  good  reference  marks  for  identifying  the  station. 

Carson  Sink,  Churchill  County,  Nevada;  estabhshed  in  1878  by  W.  Eimbeck.  This 
station  is  located  on  the  highest  point  of  a  prominent  and  well-known  peak  of  the  Carson 
Sink  Range,  about  20  miles  in  an  easterly  direction  from  Stillwater,  the  county  seat  of 
Churchill  County.  The  nearest  railroad  station  is  (1880)  Wadsworth,  on  the  Central 
Pacific  Railroad,  distant  about  70  miles  in  a  westerly  direction.  The  peak  has  a  gradual 
eastern  and  precipitous  western  slope. 

The  geodetic  point  is  marked  by  a  half-inch  by  4-inch  copper  bolt  set  in  solid  rock 
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at  the  center  of  the  foundation  pier  for  theodolite.  At  the  close  of  observations  a 
large,  light,  porous  rock  was  sawed  to  fit  closely  on  top  of  the  pier  and  the  center 
marked  by  a  drill  hole.  The  entire  pier  was  then  covered  with  small  rocks  set  in 
cement.  The  astronomical  pier,  distant  74*49  feet  northeasterly,  and  the  vertical  circle 
pier,  distant  26 "67  feet  southwesterly,  from  the  geodetic  point,  were  left  standing. 
Additional  reference  marks  are  four  three-fourths  inch  drill  holes  in  the  solid  rock — one 
distant  10*24  feet  nearly  north,  one  distant  17*59  feet  about  east-northeast,  one  distant 
17*65  feet  about  south-southeast,  and  one  6*53  feet  nearly  west,  from  the  geodetic  point. 
The  stone  ring  walls  (wind-breaks)  partially  surrounding  the  central  and  vertical  piers 
were  also  left  standing. 

Toiyabe  Dome,  Nye  County,  Nevada;  established  in  1878  by  A.  F.  Rodgers.  This 
station  is  located  on  the  highest  and  boldest  peak  at  the  southern  extremity  of  the 
Toiyabe  Range,  steep  on  the  western  and  \^ry  abrupt  on  the  eastern  slope.  The  top 
of  the  mountain  is  covered  with  a  mass  of  loose  rocks  lying  on  the  solid  ledge.  The 
geodetic  point  is  marked  by  a  half -inch  copper  bolt  set  in  the  solid  rock,  around  and 
over  which  was  built  the  usual  stone  and  brick  foundation  pier  for  the  theodolite,  in  the 
central  pit  of  which  was  imbedded  in  cement  a  tin  can  containing  the  approximate  altitude 
and  geographic  position.  Around  the  station  was  built  a  stone  wall,  12  feet  interior 
diameter,  with  an  opening  on  the  northwest  side.  The  vertical  circle  pier,  bearing 
north  28°  47'  west,  distant  141*42  feet  from  the  geodetic  point  and  surrounded  by  a  ring 
wall,  10  feet  interior  diameter,  with  an  opening,  on  the  southeast  side,  and  the  astro- 
nomical pier,  nearly  iii  line  and  about  half  way  between  the  two  other  piers,  were  left 
standing.  Additional  reference  marks  are  4  drill  holes — one  bearing  north  44°  44'  west, 
distant  15*42  feet;  one  bearing  north  78°  19'  east,  distant  16*83  ^^^t;  one  bearing  south 
51°  53'  east,  distant  8*14  feet,  and  one  bearing  south  26°  14'  west,  distant  18*4  feet^ 
trom  the  geodetic  point. 

L<y>ie  Mountain,  Esmeralda  County,  Nevada;  established  in  1878  by  A.  F.  Rodgers. 
This  station  is  located  on  a  prominent  peak,  well  known  in  the  surrounding  section, 
situated  in  a  dry  desert  country,  about  60  miles,  by  road,  in  a  southerly  direction  from 
Cloverdale  and  about  40  miles  in  an  easterly  direction  from  Columbus.  The  nearly 
extinct  mining  camps  of  Silver  Peak  and  Montezuma  lie  about  25  miles  in  a  southwest- 
erly and  southeasterly  direction  respectively  from  the  mountain. 

The  geodetic  point  is  marked  by  a  cross  on  a  half-inch  copper  bolt  leaded  in  a  drill 
hole  in  a  solid  ledge  of  slate  dipping  westward,  around  which  was  built  the  usual 
stone  and  brick  foundation  pier  for  the  theodolite,  surrounded  by  a  stone  ring  wall  15*5 
feet  in  diameter,  with  an  opening  to  the  northeast.  The  vertical  circle  pier,  distant 
71*1  feet  about  northeast  from  the  geodetic  point,  and  surrounded  by  a  stone  ring  wall 
10*7  feet  in  diameter,  opening  to  the  northeast,  was  left  standing.  Additional  reference 
marks  are  four  drill  holes — one  about  north,  distant  9*15  feet;  one  about  north- northeast ^ 
distant  13*78  feet ;  one  about  south-southeast,  distant  21*59  ^^^t ;  and  one  a  little  north 
of  west,  distant  8*2  feet,  from  the  geodetic  point. 

Mount  Callahan,  Lander  County,  Nevada;  established  in  1879  by  W.  Eimbeck. 
This  station  is  located  on  the  highest  point  of  a  broad  flat  ridge  on  the  summit  of  a 
large  flat-top  mountain  at  the  northern  extremity  of  the  Toiyabe  Range,  about  20  miles 
north  of  Austin,  the  present  (1881)  terminus  of  the  Nevada  Central  Railroad.  The 
mountain  is  accessible  from  all  sides.  The  geodetic  point  is  marked  by  a  five-eighths 
by  4  inch  copper  bolt,  set  in  plaster  of  Paris  in  a  large  rock  bedded  in  cemented  grout,. 
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and  forming  the  center  of  the  usual  rock  foundation  pier  for  the  theodolite.  A  bottle, 
containing  the  approximate  latitude  and  longitude,  was  set  in  plaster  of  Paris  in  the 
central  pit  of  the  pier,  and  the  whole  covered  with  a  large  rock  having  drill  hole  over 
the  bolt,  as  a  surface  mark.  Reference  marks  are  three  drill  holes  in  solid  rocks — one 
due  north,  distant  11*42  feet;  one  north  120°  east,  distant  12.17  ^eet;  and  one  north 
120°  west,  distant  11*09  f^^t»  from  geodetic  point.  Also  the  magnetic  station  pier, 
north  14°  12'  east,  distant  61*02  feet;  the  astronomical  pier,  north  68°  12'  east, 
distant  113  feet ;  and  the  vertical  circle  pier,  south  4°  10'  west,  distant  37*83  feet,  from 
geodetic  point.  The  usual  circular  stone  ring  walls  around  the  central  and  vertical 
circle  piers  and  an  L-shaped  wall  at  the  magnetic  station  were  left  standing. 

Diamofid  Peak,  Eureka  County,  Nevada;  established  in  1879  by  W.  Eimbeck.  This 
station  is  located  upon  the  highest  point  of  the  Diamond  Range  of  mountains,  about  1 2 
miles  northeast  of  the  mining  town  of  Eureka,  the  present  (1881)  terminus  of  the 
Eureka  and  Palisade  Railroad.  The  peak  is  well  known  throughout  the  surrounding 
country. 

The  station  is*  on  a  small  cone  rising  from  a  small  approximately  level  space  on  the 
south  end  of  the  ridge.  The  geodetic  point  is  marked  by  a  five-eighths  by  4  inch  copper 
bolt  set  in  a  solid  rock  in  the  center  of  the  stone  foundation  pier  for  the  theodolite. 
Reference  marks  are  four  drill  holes — one  about  north-northeast,  distant  10*73  ^^^t;  o^^ 
about  east -southeast,  distant  15*49  feet;  onenearly  south,  distant  8*69  feet,  and  one  nearly 
west,  distant  9*32  feet;  the  astronomical  pier,  about  east-northeast,  distant  84*81  feet, 
and  the  vertical  circle  pier  a  little  east  of  south,  distant  77*59  feet,  from  the  geodetic 
point.  The  usual  circular  stone  ring  walls  surrounding  the  central  and  vertical  circle 
piers  were  left  standing. 

White  Pine,  Nye  County,  Nevada;  established  in  1879  by  W.  Eimbeck.  This 
station  is  located  on  the  highest  and  boldest  point  of  the  White  Pine  Range  of  mountains, 
called  on  Lieutenant  Wheeler's -map  the  Grant  Range.  The  local  name  of  the  point  is 
Troy  Peak.  The  station  is  near  the  edge  of  a  precipice;  the  rocky  bluff,  at  a  distance 
of  a  few  feet,  falling  almost  vertically  for  seven  or  eight  hundred  feet.  The  geodetic 
point  is  marked  by  a  five-eighths  by  4  inch  copper  bolt  set  in  solid  rock  in  the  center  of 
the  stone  foundation  pier  for  the  theodolite.  A  bottle,  containing  the  approximate 
height  and  geographical  position  of  the  station,  was  embedded  in  plaster  of  Paris  in  the 
central  pit  of  the  pier,  above  the  bolt.  The  reference  marks  are  three  drill  holes — one 
about  northeast,  distant  10*3  feet;  one  about  south-southeast,  distant  7*65  feet,  and  one 
about  northwest,  distant  9  feet,  from  the  geodetic  point.  The  vertical  circle  station  is 
27*62  feet  distant  from  the  geodetic  station  in  a  northeasterly  direction. 

The  usual  circular  stone  ring  walls  surrounding  the  central  and  the  vertical  circle 
stations,  the  two  stone  cabins  used  for  living  purposes,  and  the  bolts  and  drills,  to  which 
the  guy  ropes  of  observing  tents  were  fastened,  were  left  in  position. 

Wheeler  Peak,  White  Pine  County,  Nevada;  established  in  1878  by  A.  F.  Rodgers. 
This  peak,  locally  known  as  Jeff  Davis  Peak,  is  by  far  the  most  prominent  of  the  Snake 
Range  and  is  widely  known  all  over  the  States  of  Nevada  and  Utah.  The  range  is 
flanked  on  the  west  by  Spring  Valley  and  on  the  east  by  Snake  Valley,  from  either  of 
which  the  peak  is  accessible.  The  geodetic  ]X)int  is  situated  on  the  western  or  highest 
prong  of  the  double  peak  and  is  marked  as  a  subsurface  mark  in  the  usual  wa}'  by 
a  half-inch  copper  bolt  set  in  solid  rock  in  the  center  of  the  foundation  pier  for  the 
theodolite.     The  pier  is  covered  by  a  stone  slab  having  a  three-fourths-inch  drill  hole  in 
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its  center,  securely  cemented  in  the  top  as  a  surface  mark.  The  vertical  circle  station 
was  located  to  the  eastward  of  the  geodetic  point,  distant  173 "06  feet,  and  both  points 
were  surrounded  with  circular  stone  walls,  which  were  left  standing.  Reference  marks 
are  three  drill  holes — one  north,  distant  8"  17  feet;  one  in  a  southeast  direction,  distant  8*53 
feet,  and  one  in  a  southwest  direction,  distant  7*87  feet,  from  the  geodetic  point. 

Pioche,  Lincoln  County,  Nevada;  established  in  1879  by  W.  Eimbeck.  This 
station  is  located  on  the  highest  rock  knoll  of  a  peak  in  the  mountains  just  east  of 
Eagle  Valley.  The  peak  is  about  i  000  feet  west  of  the  boundary  line  between  the 
States  of  Nevada  and  Utah,  and  bears  north  80°  25'  east,  distant  22*5  miles  (about  33 
miles  by  road),  from  the  court-house  in  the  town  of  Pioche.  The  geodetic  point 
is  marked  by  a  half-inch  copper  bolt  leaded  into  the  solid  rock  in  the  center  of  the 
stone  foundation  pier  for  the  theodolite,  as  a  subsurface  mark.  The  pier  is  covered  by 
a  stone  slab,  having  a  three-fourths-inch  drill  hole  in  its  center,  securely  cemented  to 
its  top,  as  a  surface  mark.  The  copper  bolt  is  8^  inches  below  the  top  of  the  drill 
hole.  The  vertical  circle  station  bears  north  26°  2o'*8  east,  distant  69-23  feet,  from  the 
geodetic  ]X)int,  and  both  points  were  surrounded  with  circular  stone  walls,  which  were 
left  standing. 

Reference  marks  are  five  drill  holes — one  north  34°  28'  east,  distant  8 '27  feet;  one 
south  88°  22'  east,  distant  7*91  feet;  one  south  15°  14'  east,  distant  8*92  feet;  one  north 
88°  west,  distant  771  feet;  and  one  north  28°  57'  west,  distant  6*56  feet,  from  the 
geodetic  point. 

Tushar,  Piute  County,  Nevada;  established  in  1882  by  W.  Eimbeck.  This  station 
is  located  on  the  summit  of  the  most  northern  of  the  highest  three  peaks  in  the  Tushar 
Range,  the  backbone  of  which  forms  the  boundary  between  Piute  and  Beaver  counties, 
locally  known  as  Mount  Belknap.  It  can  be  reached  easiest  from  Marysvale,  a  small 
village  situated  on  the  Upper  Sevier  River,  about  10  miles  distant  in  an  air  line  to  the 
eastward  from  the  peak.  The  geodetic  point  is  marked  by  a  five-eighths-inch  copper 
bolt  leaded  into  the  solid  rock,  around  and  over  which  was  built  the  stone  foundation 
pier  for  the  theodolite,  with  a  stone  slab,  having  a  drill  hole  in  its  center,  securely 
cemented  on  its  top.  The  top  of  the  copper  bolt  is  1 1 J^  inches  below  the  drill  hole  in 
the  slab. 

The  vertical  circle  station  is  almost  due  north,  distant  34*12  feet,  from  the  geodetic 
point.  The  circular  stone  walls  around  these  stations  were  left  standing.  The  one 
around  the  geodetic  point,  11  feet  interior  diameter,  with  wall  2*5  feet  thick  and  4*5 
feet  high,  built  in  a  very  solid  manner  and  concentric  with  the  station  bolt,  makes  an 
excellent  reference  mark  in  the  absence  of  the  usual  drill  holes,  owing  to  the  shattered 
and  loose  condition  of  the  shale  rocks  about  the  station. 

II.    THE   WESTERN  OR   COAST   RANGE  SERIES  OF  TRIANGLES,    1878   TO    1892. 

{a)  Introdtcction. 

This  triangulation  runs  parallel  with  the  coast,  covering  the  region  between  San 
Francisco  and  Point  Arena,  which  is  near  the  western  termination  of  the  arc  and  in  the 
same  latitude  as  its  eastern  end.  The  southern  portion  of  this  region  had  become 
known  before  the  year  1856,  and  further  reconnaissances  were  made  by  Assistants 
W.  Eimbeck  and  C.  Rockwell  during  1874-1877.  The  trend  of  the  principal  range  of 
mountains  is  parallel  with  the  coast,  and  its  crest  at  Snow  Mountain  West  reaches  an 
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altitude  of  2  146  metres,  or  nearly  7  040  feet,  but  the  range  lying  between  it  and  the 
coast  is  at  a  much  lower  level,  and  the  highest  points  probably  do  not  reach  half  of  the 
above  height. 

This  triangulation  was  not  pursued  steadily,  and  there  were  a  number  of  observers 
engaged  upon  it  in  part  during  the  period  1 876-1880  and  again  in  1891  and  1892.  As 
a  result,  the  different  methods  employed  do  not  admit  of  a  general  description.  At  the 
five  stations  lying  west  of  th^  line  Ross  Mountain  to  Mount  Sanhedrin  repeating  theod- 
olites were  employed,  and  the  accuracy  of 'the  results  at  these  subordinate  stations  does 
not  come  up  to  that  obtained  at  the  main  stations.  It  may  be  noted  here  that  at  one  of 
these  stations  (Great  Caspar)  the  30-centimetre  (12-inch)  theodolite  was  mounted  on 
the  top  of  a  quadrangular  scaffold  13  stories  high,  and  stood  41*14  metres  (or  135  feet) 
above  ground,  while  the  observer  was  independently  supported  by  a  central  redwood 
tree  with  a  two-story  superstructure  built  over  its  top.     (See  illustration. ) 

(^)  Abstract  of  resulting  horizontal  directio7is  at  each  station  from  local  and  front  figure 

adjustment. 

Mount  Diablo^  Contra  Costa  County,  California.  June  25  to  September  8,  1876.  50  centimetre 
theodoHte,  No.  5.  G.  Davidson,  C.  Rockwell,  and  W.  Eimbeck,  observers.  November  14  to 
December  29,  1884.  50-centimetre  theodolite.  No.  115.  R.  A.  Marr,  observer.  (G.  Davidson, 
chief  of  party.)  June- 28  to  July  19,  1892.  50-centimetre  theodolite,  No.  115.  G.  Davidson, 
observer. 
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(b)  Abstract  of  resulting  horizontal  directions  at  each  station  from  local  and  from  figure 

adjustment — Continued . 

Mount  TamalpaiSy  Marin  County,  California.     August  24  to  October  9,  1882.     50-centimetre  theodo- 
lite, No.  115.     G.  Davidson,  observer. 
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(^)  Abstract  of  resulting  horizontal  directions  at  each  station  from  local  and  from  figure 

adjustmen  t — Continued . 

Ross  Afountain,  Sonoma  County,  California.*    July  4  to  July  18,  1891.     50-centimetre  tlieodolite,  No. 

ii5.t     E.  F.  Dickins,  observer. 
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Correc- 
tions 
from  fie- 

ure  a<f 
justment. 

// 

+0  '345 


f  0-190 
—0-142 
— o  -032 
— o  -361 


Final  sec- 
onds in  tri- 
angulation. 


00*408 

•  •  ■  • 

41  '059 

13  "585 

34*643 
17-721 


Snow  Mountain  IVest,  Colusa  County,  California.     June  2  to  June  11,  1892.     50-centinietre  theodolite, 

No.  115.     E.  F.  Dickins,  observer. 


// 


// 


// 


// 


// 


Snow  Mountain  East 

0    00    00-00 

•   «   *   ■ 

•     •     •     ■ 

•   ■   •  • 

•  •  •  ■ 

12 

Mount  Helena 

134    02    02  71 

— 002 

02  -69 

+0-72 

03-41 

13 

Ross  Mountain 

159    59    05  "I  I 

+0-03 

05-14 

40-24 

05*38 

H 

Cold  Spring 

201     21     47 -76 

-TO  05 

47-81 

0-43 

47*38 

15 

Mount  Sanhedrin 

260    00    41  -78 

— o-io 

41-68 

-o*53 

41*15 

Probable  error  of 

a  single 

observation  of  a  direction  ( D. 

andi?.)  = 

±©''^-90. 

Mount  Sanhedrin,  Mendocino  County,  California.     September  i  to  October  15,  1880.     45-centimetre 
,  theodolite,  No.  4.     A.  F.  Rodgers,  obser\'er.     September  17  to  September  25,  1891.     5C-centi- 
metre  theodolite.  No.  115.     E.  F.  Dickins,  observer. 


0 

/ 

// 

// 

// 

// 

// 

Reference  Mark 

0 

00 

00*00 

•   •  •  • 

•    •    •    * 

•   •   •  • 

«     *     •     • 

17 

Mount  Helena 

26 

45 

32*89 

—0-06 

32   83 

—I -co 

31*83 

18 

Ross  Mountain 

51 

02 

II  *4i 

0*00 

II  -41 

+0-15 

11-56 

Ukiah  court-house  dome 

63 

23 

15-19 

*   «   ■  ■ 

«    •    •    ■ 

•    •    •    • 

•    •    •    • 

19 

Paxton 

73 

54 

03*12 

-fo-05 

03-17 

— o'i7 

03  00 

20 

Cold  Spring 

84 

or 

14-48 

+005 

14-53 

-fO-02 

M*55 

21 

Two  Rock 

110 

28 

13-94 

-ho -05 

13-99 

+0-19 

14*18 

22 

Great  Caspar 

120 

19 

54-73 

f  0  -01 

54-74 

-fo-io 

54*84 

Cahto 

164 

40 

04*54 

■   •  »  • 

«    •    •    • 

«    •    •    « 

■   ■  •  • 

King  Peak 

179 

16 

07-04 

■   •   •   ■ 

«    •    «    • 

•     •     «     • 

•  •  •  ■ 

Mount  Lassie 

206 

47 

46-02 

•   •   •  • 

■     •    ■    • 

•    •    •    * 

•  •  •  • 

16 

Snow  Mountain  West 

347 

50 

21  '46 

— 0'12 

21*34 

-fo-72 

22*06 

// 


Probable  error  "of  a  single  observation  of  a  direction  (D.  and  -^. )  =  ifc  I'li     in  1880 

and  (/>.  and  R,)  =  ±  0*74    in  1891. 


♦  The  station  was  established  in  1855  by  Assistant  R.  D.  Cutts,  and  was  occupied  in  1859  and  in  i860  by  Assistant  G. 
Davidson;  these  early  observations  have  no  direct  relation  to  the  present  adjustment, 
t  Theodolite  used  in  17  positions  with  2  series  in  each. 


Coast  ami  Gcwldic  Survril—T^"^^'"''"''''"'  Triuuy'il-'li 
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(d)  Abstract  of  resulting  horizontal  directions  at  each  station  from  local  and  from  figure 

adjustmeyit — Continued . 

Cold  Spring,  Mendocino  County,  California.  September  27  to  October  13,  1878.  30-centimetre 
theodolite,  No.  37.  B.  A.  Colonna  and  E.  F.  Dickinff,  observers.  October  25  to  November  6, 
1891.     50-centimetre  theodolite,  No.  115.     E.  F.  Dickins,  observer. 


Num- 
ber of 
direc- 
tion. 


24 

25. 
26 

27 

28 


Objects  observed. 


Correc- 
ResuUing  direc-  Reduc-      •  ii--,,it.infr        tions  Final  sec- 

tions from  station      tion  to  sea    ^^iJ1„h«       from  fig-      onds  in  tri- 
adjustmeut.  level.  scconas.        ^^^  ^^_       angulation. 

justment. 


// 


// 


// 


// 


// 


29 


23 


Great  Caspar 

Two  Rock 

Mount  Sanhedrin 

Paxton 

Snow  Mountain  West 

Sanel  Mountain 

Mount  Helena 

Walalla 

Clark 

Dunn 

Fisher 


0 

00 

00 'OO 

— 0-02 

59-98 

—0-90 

5908 

35 

40 

2772 

-ho -02 

2774 

— O'lI 

27  63 

59 

27 

06-62 

f  O'll 

06-73 

+0-30 

07-03 

80 

58 

04-52 

-fo-o6 

04  58 

^^0*12 

0470 

84 

37 

26-03 

4-0-13 

26*16 

-fo-o8 

26*24 

—0*07 


28*15 


-0*20 


27*95 


—0-05        41-13        +0*70 


41-83 


132    46    04*23 

142  17  28  '22 

198  56  26  *2I 

277  03  22  '75 

288  50  44  '79 

336  58  41*18 

Probable  error  of  a  single  observation  of  a  direction  (3  D.  and  3  -^.)  =  =fc  0^^*91     in  1878 

and  (/?.  and  R,)        =  ±  o'''-6o    in  1891. 

Great  Caspar^  Mendocino  County,  California.  October  24  to  November  29,  1878.  30-centimetre 
theodolite,  No.  37.  B.  A.  Colonna  and  J.  F.  Pratt,  observers.  August  30  to  October  3,  1879. 
30-centimetre  theodolite.  No.  37.  A.  F.  Rodgers  and  D.  B.  Wainwright,  observers.  Telescope 
above  ground  41-14  metres. 

o  /  // 

o    00    00-00 

2    48    39 '51 
38     18    05*97 

90    43    45  79 
105     fo    31-91 

143    35    42-42 
174    58    03-10 
180    03    27  -40 
Probable  error  of  a  single  observation  of  a  direction  (3  Z>.  and  3  ^.)  =  d:  1^^-14. 

Pax  ton,  Mendocino  County,  California.     December  7  to  December  17, 1878.     30-centimetre  theodolite, 

No.  37.     B.  A.  Colonna,  observer. 


// 


// 


// 


ff 


King  Peak 

Chemise  Mountain 

Cahto 

30 

Mount  Sanhedrin 

31 

Two  Rock 

32 

Paxton 

33 

Cold  Spring 

34 

Fisher 

-{-0*08 

45-87 

—0-23 

45*64 

H-o*oi 

31-92 

-075 

31*17 

— 006 

42  36 

—0*27 

42  09 

-0*04 

03-06 

+0-01 

03  •r7 

—0*03 

27*37 

-f  1*24 

28-61 

Sanel  Mountain 

Walalla 

40 

Cold  Spring 

41 

Fisher 

42 

Great  Caspar 

43 

Two  Rock 

44 

Mount  Sanhedrin 

Dihel 

Cole 

0 

/ 

ff 

ff 

ff 

ff 

ff 

0 

00 

00 'OQ 

•  •  •  • 

*  •  •  • 

•    •    •    • 

•  ■  •  • 

49 

08 

41*49 

•  *  •  ■ 

•  •  •  • 

•    •    •    • 

•   •  •  • 

77 

06 

48-60 

+0*05 

48*65 

-0-44 

48-21 

93 

49 

49*39 

+0*03 

49*42 

-fi*i9 

50-61 

144 

46 

24*62 

—0*02 

24*60 

-0*82 

23*78 

177 

07 

21  08 

—0*04 

21  04 

—0*05 

20*99 

225 

28 

40*16 

-I-0-09 

40*25 

-|-o*ii 

40*36 

274 

13 

09*77 

■ 

.... 

•  •  •  • 

•  •  •  • 

•  •  •  • 

290 

49 

23*24 

■  •  •  • 

•    •    a    • 

•  •  •  • 

•  •  •  • 

Probable  error  of  a  single  observation  of  a  direction  (3  D.  and  3  -^.)  ■=  :t  i^'*t8. 
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UNITED  STATES  COAST  AND  GEODETIC  SURVEY. 


{b)  Abstract  of  resulting  horizontal  directions  at  each  statio7i  from  local  and  from  figure 

adjustment — Completed . 

Two  Rock^  Mendocino  County,  California.  October  17  to  November  20,  1879.  45 -centimetre 
theodolite,  No.  4.  A.  F.  Rodgers  and  D.  B.  Wainwright,  observers.  July  2  to  July  6,  1892. 
25 -centimetre  theodolite.  No.  20.     E.  F.  Dickins,  obser\'er. 


Num- 
ber of 
direc- 
tion. 


36 

37 
38 

39 


objects  observed. 


Resulting  direc-         Reduc-        t>^ciiUi««r 
lions  from  station     tion  to  sea     ^™!i"^ 
adjustment.  level.  seconas. 


Correc- 
tions Pinal  sec- 
from  fig-     onds  in  Iri- 

ure  ad-      angulation, 
justment 


// 


35 


Paxton 

Cold  Spring 

Fisher 

Great  Caspar 

Cahto 

Mount  Sanhedrin 


o 

34 

45 
109 


00  00 'OO 

41  51  -04 

06  26  70 

13  52-68 

187    03  20  73 


// 

—0-05 

-|~0  '02 

-^0-03 

O'OO 

•     •     •     ■ 

-L-O'II 


// 


59  95 
51  '06 

2673 
52-68 

*    •   •   • 

2870 


4-0-52 
^  I  -08 

-2  73 

— 0"II 


00*47 

52-14 
24  'OO 

53*92 


264    55     2859        -L-oii         2870         — o-ii  28*59 

Probable  error  of  a  single  observation  of  a  direction  (Z?.  and  -^.  )  =  zjz  1^^*31     in  1879 

and  (6  D.  and  6  ^. )  =  it  i''*46    in  1892. 


Fisher^  Mendocino  County,  California.  November  22,  1891.  20-centimetre  theodolite,  No.  95. 
F.  Westdahl,  observer.  July  8  and  9,  1892.  25-centimetre  theodolite,  No.  20.  F.  Westdahl, 
observer. 


45 

Two  Rock 

46 

Paxton 

47 

Cold  Spring 

Clark 

Dunn 

0 

/ 

// 

// 

// 

// 

// 

0 

00 

00  "CO 

+0*04 

00*04 

-fi-19 

01-23 

51 

36 

09*53 

+0*04 

09*57 

—0-52 

09*05 

no 

53 

44*91 

—0*05 

/t4*86 

--0  -67 

44-19 

185 

24 

39*25 

•  •  •  • 

•    •   •   • 

•   •  •  • 

■  •  •  ■ 

198 

51 

56-70 

•  •  ■   • 

•   •   •   ■ 

•  ■  •  • 

V      •      a      ■ 

Probable  error  of  a  single  observation  of  a  direction  (3  D.  and  3  .^.)  =  d-  2^^*19. 


(r)  Figure  adjustment. 
Obset  vaiion  equations. 


No. 

I 

o  =  -o*749+    (I)-    (2)- 

-(lo)-hlii) 

2 

0  =  4-1  -340 

-    (i)+    (3)- 

-    (9)  + (10) 

3 

o  =  -o*45 

-    (3)+    (6)- 

-    (8)-f    (9)- 

-(12) +  (13) 

4 

0  —  -f  I  *66 

-    (7)-f-    (8)- 

-(i3)-f-{i5)- 

-(i6)-f  (18) 

5 

0  =  -r  3  *43 

-    (5)-f    (6)- 

-(i2)-^(i5)- 

-(i6)4-(i7) 

6 

0  =  -f  2  02 

-    (4)+    (6)- 

-(l2)4-(,4)- 

-(28)  4- (29) 

7 

0  =  -1  I  -oi 

-(i4)-^-(i5)- 

-(i6)  +  (2o)- 

-(26)n-(28) 

8 

0  =  —  I  *52 

-(20)-f  (22)- 

-(24)-f  (26)- 

-  (30)  +  (33) 

9 

0  =  —  I  -78 

--(20)4-(2I)- 

-(25)-(26)- 

-(35)-h(37) 

10 

0  =  -i-  I  -96 

-  (21) -^U2)- 

-(3o)-^(3I)+(35)-(39) 

11 

0-   -055 

(19)-  (20)  - 

(26)^(27)- 

-  (40)  -h  (44) 

12 

0—  -093 

(24)^(27) 

-  (32)  -  (33)  - 

-  (40)  -h  (42) 

13 

0  =  —  I  -96 

-(31)^(32)- 

-  (36)  +  (39)  - 

-  (42)  +  (43) 

14 

0  =  "^  6  49 

-(23)  +  (25)- 

-  (37)  -f  (38)  - 

-  (45)  -h  (47) 

15 

0  =  —  0  *89 

-  (23)  +  (27)  - 

-  (40)  +  (41)  - 

-  (46)  +  (47) 
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(c)  Figure  adjustment — Continued. 
Obsen'aiion  equations — Completed. 


No. 

16 

17 

18 
19 


20      o  = 


21       o  = 


22         O 


23 


o  =  -r47  — 3 'SiCO-f  0-81(3)  -f- 0-45(9) -5 -32(10)  i  4*87(11) 

0  =  4-4-0  +  0  -57(3)  -f  7  -80(5)  -  8  -37(6)  -  6  -99(7)  -f  8  -83(8)  -  i  -84(9)  -  i  '54(i6)  -f  2  -61(17) 

-  1-07(18) 

0  =  4-2-5-1  -47(4)  -^  7  -80(5)  -  6  -33(6)  -  2  -84(16)  4-  2  -61(17)  +0-23(20)  -  4  '48(26) 

4-5-82(28) -I -34(29) 
0  =  4-2-6  —  4-24(20)  4-  16-35(21)  —  12-11(22)  -2-93(24)  4-7-71(25)  -  4-78(26)  —8-17(30) 

+  8-95(31) -0-78(33) 

+  1-5  +  2  -83(19)  -  4  -24(20)  +  I  -41(21)  -  2  -93(24)  +  7  -71(25)  -  4  -78(26)  -  I  -88(31)^ 

+  2  -66(32)    -  o  -78(33)  +  3  -33(42)    -  5  -20(43)  +  I  -87(44) 

-  1-9  —  9-80(19)  +  11-80(20)  —  2-00(22)  —0-34(24)  +5-34(26)  —5-00(27)  —  1-60(30) 
-5-06(32)  -3-46(33) 

+  18  -o  -  5  -47(23)  +  4  -95(24)  4-  o  -52(27)  -  2  -84(32)  -f  23  -64(33)  -  20  -80(34)  -  7  -01(40) 
+  8-72(41)  -  1-71(42) 

o  =  -  64  -5  -  I  -80(23)  +  I  -28(25)  -h  0-52(27)  +0-57(31)  -  2  -84(32)  i-  2  -27(34)  +  II  -46(37) 

-  12  -48(38)  +  I  -02(39)  -  7  -01(40)  +  8  -72(41)  -  I  -71(42) 


Correc- 
tions. 


C, 


C, 


C4 


Correlate  equations. 

\Z^  v,7  ^8  ^-9  ^10  ^11  ^19  >^I3 


-U 


(I) 

i-i 

—  I 

(2) 

—I 

(3) 

+  1 

—  I 

(4) 

-I 

(5) 

•   •   •   • 

•   •   ■   • 

•   •   •   * 

•   •   •  • 

—  I 

•   •   •   • 

•   •   «   • 

•   •   •   • 

•  a  •  • 

■  •  ■  • 

•  •••      •••■      ■« 

•  •     ••••          •« 

(6) 

+  1 

+  1 

+  1 

(7) 

—  I 

(8) 

—  I 

+  1 

(9) 

—  I 

+  1 

(lO) 

—  I 

+  1 

•   ■   •   • 

•   ■   •   • 

•   •   •   • 

■   •   •   ■ 

•   •   •   • 

•   ■   •  • 

•  ■  ■  • 

•  •  •  • 

•  •••        ••••        aa 

i«      ■•••          *••• 

(") 

+  1 

(12) 

—  I 

—  I 

—  I 

/ 

(13) 

+  1 

—  I 

(14) 

+  1 

—  I 

(15) 

•   ■   •   ■ 

■   »   •   • 

>   •   •   • 

+  1 

+  1 

•   ■  •  • 

+  1 

•   •   •   • 

•  •  •  • 

•  •  •  • 

•  •■•      ••••      •« 

•  •      ••••          ••-■ 

(.6) 

—  I 

—  I 

—  I 

■ 

(17) 

+  1 

(18) 

+  1 

(19) 

—I 

(20) 

•   ■   •  • 

•   ■   •   • 

«   ■   •  • 

•   •  •  • 

■   ■  •   • 

■   •   •  ■ 

41 

-I 

—  I 

•  •  •  • 

^—  I    .  •  •  .    ,  , 

•  •      •••■          •••• 

(") 

+  1 

—I 

(22) 

hi 

+1 

in) 

—  I      -^l 

(24) 

T 

—I 

6o4 


\  -'5 ) 
27 

2s; 
29 

o 


Cx 


31 
32 

,33 
3-4 
;35 

:36: 
:37: 
:38; 
39: 
^40; 

41 
42 

43: 
44, 
45 
46; 

47: 


Correc- 
tions. 


UNITED  STATES  COAST  AND  GEODETIC  SURVEY. 

(c)  Figure  adjustment — Continued. 
Correlate  equations  —Continued. 

Ct  v-4  V-5  X-6  V_7  L.8  V-9  ^10  V-ir  N-ia  V-13 


—I 

-I  -f-I  -fl 


—  I  -•f-I 

+  1 


I 


fl 


-hi 


—  r 

-(-I 


•I       +1 


—  I 

+  1      -fi 


-hi 


•16 


.17 


Corf  t late  equations — ^Con tinned. 

V-18  V-19  v-»o  V-ai 


—  I 

-I         -hi 
-fl 


—  I                                         -l-I 
—  I         —I       


-hi         -I 

-fl 


C« 


-u 


+  1 


-  I 

-fi 


—I 


-hi 


-IS 


—  I 

-ri 


—  I 

-hi 


C^ 


(0 
(2) 
(3) 

(4) 
(5) 
(6) 
(7) 
(8) 

(9) 

(II) 
(12) 

(13) 
(14) 


.3  81 


+0-8I 


-ho '45 
-5*32 
-f4-87 


-fo-57 

+  7 -So 

-8-37 
-6  99 

4-883 

—  1-84 


-1*47 
-h7-8o 

-6  33 
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(c)  Figure  adjustment — Continued. 
Correlate  equations — Completed. 


Correc- 
tions. 

c,. 

C; 

c.« 

c. 

c,. 

c,. 

N-aa 

c„ 

1 
(15)     1        .... 

•         •        •        ■ 

•   •   •  • 

■      •     •     • 

•  ■  •  * 

•     •     •     • 

•    «    •   • 

(.6)    1 

I '54 

-2-84 

(17) 

-f2-6i 

-F2-6I 

(18) 

—  1  '07 

(19) 

4-2-83 

9-80 

(20) 

•    •    •    • 

•  •  •  • 

-ho -23 

-  4*24 

4-24 

4-u  -So 

■     •    •    ■ 

•     •     •     • 

(21) 

-i  16  '35 

4-1  -41 

(«) 

—  12  11 

—  2  -oo 

• 

(23) 

-    5-47 

—  I  -So 

(24) 

-  2  93 

2  93 

-  034 

+  4*95 

(25) 

•  •  •  • 

•   »  •  • 

-f-  771 

4-771 

.... 

•   •  *  • 

4-   I  -28 

(26) 

-4-48 

-  478 

-4  7« 

4    5 '34 

(27) 

—  5  00 

4-  0-52 

4-  052 

(28) 

-h5^^>2 

(29) 

-I  "h\ 

(30) 

•  •  •  ■ 

•    ■    •    • 

8  17 

.... 

—   I  -60 

•  •  •  ■ 

•  •  «  • 

(31) 

8-95 

-  I  -ss 

4-  0-57 

(32)    , 

-1  2  -66 

-t-  5-06 

—  2-84 

—  2-84 

(33) 

-  07S 

-078 

-  3  46 

+2364 

(34)    ■ 

(35) 

(36) 

—20 -So 

4-  2-27 

•  «  •  • 

■    •    •    ■ 

•   •   •   « 

•   «  •   • 

•   •  •  • 

•   •  •  • 

•  «  •  • 

(37)    ' 

+  11-46 

(38)    1 

—  12-48 

(39) 

I 

4-    I  *02 

(40)        1             .... 

•  •  •  • 

•   •  •   • 

•  •'  •  • 

■   •   •   • 

•  •  •  • 

—  7  01 

—  7  -oi 

(41)        , 

-f  872 

-r  8-72 

(42) 

+3*33 

-  I  71 

-  171 

(43) 

—5-20 

(44)  ; 

-F I  -87 

v45J 

(46) 

•    •    •    • 

•  ■  •  • 

•   «   •   • 

•   •  •   • 

•  •  ■  ■ 

•  •  •  • 

•     •    a     • 

•  •  •  > 

(47) 

6o6 


I 

2 

3 
4 

5 
6 

7 

9 

lo 

I- 

12 

13 

14 

15 
i6 

I? 

i8  ; 

19  i 

20| 

21 

22 

23 


O- 

o= 
o= 
o= 
o= 
o= 

O- 

o= 

O: 
O: 
O: 
O: 
O: 
O: 
0  = 


:—    O 

=  -h     I 

—  o 

■■+  I 

■■■i-  3 

■■+    2 

=+  I 

:--     I 

—  I 

;  -1-      I 

:—    O 

;  -   O 

—  I 

:4-     6 
:—    O 

^  t    4 
=  +  4 

=  f   2 

-f    I 
—  I 

-hi8 

-64 


749 
•340 

•45 
•66 

•43 
•02 

•01 

52 
78 

•96 

•55 

•93 
•96 

•49 
•89 

7 
o 

•5 
•6 

•5 

•9 
•o 

•5 


-16 


UNITED  STATES  COAST  AND  GEODETIC  SURVEY. 

(0  Figure  adjustment — Continued. 
Normal  equations. 


C,      C, 


C4 


C7 


'lO 


C„ 


Normal  equations — Continued. 


C.7 


-18 


c, 


-ao 


-az 


-12 


13 


'«4 


+4     —2     

+4    -2 

-f-6      —2       -f-2       -|-2 

-j-6      +2  +2 

+6    +2    +2 

•  •«      •••      •••      •••      •■■       T  ^^         ^v      •••      ••■      •«•      •••        ••■ 

-}-6  —2  —2      -|-2 

"(-6   -j-2   -f-2   —2    +2 

_i_6  —2  —2 
+6 

H-6   -t-2 

+6 


—2 


—2 

■  •  • 

—2 

-f6 


+6 


+2 
4-2 

4-2 
4-6 


-23 


'»3 


I 



-r6 

•38 

• 

,  , 

•   •  • 



2 

—  I 

•15 

2 

•41 

3 

— 0 

•36 

-  - 

19 

•61 

-  6-33 

4 

1  16 

■29 

-r  2-84 

s 



12 

8 

02 
•37 

8-68 

—  1 2  "02 

6 

7 

4- 

I 

•54 

+  13*37 

4-  0-54 

4-0 -54 

4-  6-46 

8 

471 

-  2-33 

4-1 -61 

-9.98 

4-18-69 

9 

471 

-i-  8-IO 

6-84 

-  6-46 

4-10  18 

10 

11  '34 
4-  0-54 

-3-29 
—0-42 

—  0-40 

4-11  -26 

-  045 
-f  7*53 

II 

4-  471 

+  7-53 

12 

4-  2-15 

-1-2 -82 

-13-18 

4-27  -35 

-f  8-66 

13 

-  8-95 

-3*99 

4-  5 -06 

1*^3 

-  0-68 

14 

-f  771 

-771 

4-  5*47 

-20  -86 
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(0  Figu^^  adjustment — Completed. 
Normal  equations — Completed. 


Cj6                        C17 

C18                      C,9 

V-ao                          ^ax 

c„ 

C3 

15 

—  5  'oo 

+21  -72 

+ 18  -05 

16 

4-67-39       -       0-37 

17 

-f-271  77 

+  125-01 

18 

+  17374        +  20-44 

+    20-44           —    21  -21 

19 

+670  -29 

+  115-69           -   34-57 

32  94 

+  14-97 

20 

+  171  -70           —    86-14 

46-19 

4-45 

21 

-f  333  '05 

-100-45 

-  16-97 

22 

+  1  182-35 

+  99  07 

23 

+434  '92 

ResuliinfT  values  of  correlates. 

C,=-fo  '349  6 

C7=+o-i54 

C,3=-o  -522 

C,9=-rO-oi3  I 

Ca=-h0'002   9 

C  8=+ 1 -813 

C,4=-i-i88 

c«=- 

-0-091  2 

C3=-ro-367  2 

c  9=   I  -523 

C,5=+o-5i5 

c,,=- 

-0-037  5 

C4= +0-131 

Cio=— 1-631 

C,6=— O'lOO  9 

c„=- 

-0-046  I 

C5— 0-8II 

C„=+o-278 

C,7=— 0014    I 

C,3=+o-i23  9 

C6=— 0  -277 

Cx8= -0-901 
Corrections  to 

Ci8=— 0-059  6 
angular  directions. 

ff 

// 

ff 

ff 

(i)=-ho-73i  I 

(13) =+0-237 

(25)=-o-i09 

(37)= 

+1-085 

(2)=    0-349  6 

(14)=    0-431 

(26)=+o-299 

(38)= 

2734 

(3)=-o-454  4 

(i5)=-o-526 

(27)=-f  0*I20 

(39)= 

+  1*235 

•♦ 

(4)=-^o-365 

(i6)=+o-7i7 

(28)=+o-o84 

(40)= 

0-437 

(5)=-f  0-236 

(17)—     1-003 

(29)—    0-197 

(41)- 

+  1193 

(6)=— 0-225 

(18)— +0-146 

(30)=— 0-229 

(42)- 

-o-8i6 

(7)=    0-032 

(19)=    0-169 

(30=    0-750 

(43)- 

—0-048 

(8)=-o-36i 

(2o)=+o-oi7 

(32)=-o-274 

(44)= 

+0-109 

(9)=-^o-345  3 

(2i)=+o-i94 

(33)=+o-oi3 

(45)= 

+  1-188 

(10)— +0-190  I 

(22)  =  -hO-098 

(34)=+ 1 -240 

(46)= 

0-515 

(ii)=— 0-141  8 

(23)— +0-702 

(35)=    o-ioS 

(47)= 

0-673 

(l2)=+0-720 

(24)= -0-899 

(36)=+o-522 

6o8 
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{d)  Adjusted  triangles y  California. 


No. 


8 


9  \ 


Stations. 


Ross  Mountain 
I  {   Mount  Helena 
Mount  Diablo 

Ross  Mountain 
Mount  Helena 
Mount  Tamalpais 


Ross  Mountain 
Mount  Diablo 
Mount  Tamalpais 


Observed  angles. 

o  /  // 

56    15    40  '806 

102    52    47  -iSr 

20    51    45*654 

13  -641 

77  51  13*664 
69  08  49  850 
33    00    06*142 


9*656 

21     35    32  '858 

28    56    04  -448 

129    28    31  '285 


8  "591 
Snow  Mountain  West    25    57    02  -45 

Mount  Helena  105     16    24  -08 

Ross  Mountain  48    46    41  "98 

8-51 
Mount  Sanhedrin  38    55     11  -49 

Snow  Mountain  West  125     58    38  99 
Mount  Helena  15    06     18*31 

879 
Mount  Sanhedrin  63     11     50  '07 

Snow  Mountain  West  100    01     36  54 

Ross  Mountain  16    46    43  '41 


Mount  Sanhedrin 
Mount  Helena 
Ross  Mountain 


10 '02 

24  16  38-58 
90  10  05  77 
65     33     25  39 


9  74 
Cold  Spring  25     10     19  '43 

Mount  Sanhedrin  96     10    53  19 

Snow  Mountain  West    58    38    53  87 


'  Cold  Spring 
Mount  Sanhedrin 
Mount  Helena 


6*49 
82     50     21  '42 

57     15    4170 
39    54     10  -88 

14*00 


I 


^^^^^-     ^fcal"     ^fcar 
tion.  *^^^  *^^^ 

angles,    excess. 


//  // 

—0-155  40-651 

-0-454  46727 

-o  -731  44  -923 

-0-487  13-177 

-0-455  49*395 

-f  0*350  06*492 

— o  *332  32  -526 

-t-o*73i  05*179 

-f  0*350  31*635 


—0*48 
40*23 
+0-70 

—  I  -72 

-1*25 
—0*46 

-o  '57 
'  — o  -76 
i     -0-33 

I 

j     -fi-i5 
+069 

'     ^0-38 

I 

I     —0*21 
I  .  -o  70 

I      — O'lO 


-049 

41  '02 
—0*13 


01  '97 

24*31 
42*68 

09-77 
37*74 
17*85 

49*50 
35*78 
43*08 

39*73 
06*46 

2577 

19  *22 

52  49 

53  77 

20  03 
42-72 

10  75 


ff 
4*ioo 

4*101 

4*ioo 


12 

•301 

3 

*022 

3 

*02I 

3 

*02I 

9 

*o64 

3 

•113 

3 

•113 

3 

*ii4 

8*96 

1*79 

I  -78 

1*79 

5*36 

279 
2-78 

2-79 

8-36 

3*99 
3*98 
3*99 

II  -96 
1-83 
I  -82 
1-83 

5*48 
4-80 
4-80 
4-80 

14-40 


Log  5. 

5  '032  332  5 
5  -loi  370  2 
4  -664  015  9 

4*918  061  8 
4  *898  471  6 
4*664  016  o 

4  *779  637  7 

4  -898  471  8 

5  *ioi  370  4 


Distances 
in  metres. 


107  728  96 

126  290*35 

46  133  "45 

82  806  00 

79  153  '76 
46  133  *46 

60  205  *7i 

79  153*80 
126  290*41 


9*340 

2  *99  I  4  -664  016  o  46  133  -46 

2-98  I  5  -007  341  2  loi  704  -73 

2  '99  .  4  '899  265  7  79  298  -64 


4  -899  265  7 

5  -009  240  5 

4*517  094  9 

5  -007  341  2 
5  *o5o  022  3 

4-517  094  7 


79  298*64 

102  150-49 

32  892  -35 


loi  70473 

112  207  -60 

32  892  -33 


4  -664  016  o  46  133  -46 

5  -050  022  4  112  207  -62 
5  -009  240  5  102  150  49 

4-517  094  8  32  892*34 

4  -885  837  8  76  884  -32 

4  '819  819  9  66  041  -95 


5  -009  240  5  102  150  49 
4-937  510  o  86  598*42 
4-819  820  o   66  041  97 
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(flf)  Adjusted  triangles y  California — Continued. 


No 

Stations. 

1 

Observed 

angles. 

Correc- 
tion. 

Spher- 
ical 
angles. 

Spher- 
ical 
excess. 

Log  J. 

Distances 
in  metres. 

0 

/ 

// 

ff 

tf 

// 

Cold  Spring 

57 

40 

01  99 

—0-28 

01  -71 

4*76 

4-899  2657 

79  298  64 

10 

Snow  Mountain  West  67 

19 

45*12 

-1*15 

43*97 

4*76 

4*937  5100 

86  598  42 

Mount  Helena 

55 

00 

29  19 
16-30 

-059 

28  60 

4-76 
14*28 

4  -885  838  0 

1 

76  884  -36 

r  Great  Caspar 

84 

14 

17  19 

-fo-24 

17*43 

1-89 

4  -819  820  0 

66  041  '97 

II 

Mount  Sanhedrin 

36 

18 

40*21 

-fo*o8 

40-29 

I  *89 

4  '594  461  5 

39  306  -25 

Cold  Spring 

59 

27 

0675 
4*15 

-f  I  -20 

07*95 

1-89 
567 

4*757  124-5 

57  164-25 

*  Two  Rock 

129 

46 

22  36 

-fi-i9 

23*55 

087 

4  -819  820  0 

66  041  -97 

12 

Mount  Sanhedrin 

26 

26 

59*46 

-fo*i8 

59*64 

0*86 

4  -582  889  I 

38  272  70 

Cold  Spring 

23 

46 

38-99 
o-8i 

+0-41 

39*40 

0*86 
2-59 

4  -539  631  0 

34  644  -24 

Two  Rock 

74 

32 

01  '62 

+0*15 

01-77 

075 

4  "594  461  5 

39  306  -25 

13 

Cold  Spring 

35 

40 

2776 

-ho  79 

28-55 

0*74 

4  -376  281  -7 

23  783  -83 

Great  Caspar 

69 

47 

31*14 
052 

+0-77 

31*91 

0*74 
2-23 

4-582  889-1 

38  272  -70 

Two  Rock 

155 

4r 

36*02 

1*34 

34-68 

0*28 

4*757  124  5 

57  164-25 

14 

GreAt  Caspar 

14 

26 

46  05 

—0-52 

45*53 

0-29 

4  *539  631  0 

34  644  -24 

Mount  Sanhedrin 

9 

51 

4075 

2*82 

— O'lO 

40-65 

0-29 
0*86 

4  *376  281  5 

23  783  -81 

Paxton 

67 

39 

35*95 

-038 

35*57 

073 

4  *594  461  5 

39  306  -25 

15 

Cold  Spring 

80 

58 

04*60 

-f  I  *02 

05-62 

0-72 

4  622  928  3 

41  968  97 

Great  Caspar 

31 

22 

20*70 
I  25 

+0*29 

20-99 

073 
2-18 

4  *344  848  3 

22  123-22 

Paxton 

100 

00 

32-39 

-fo*39 

32-78 

0-51 

4  *582  889  I 

38  272  -70 

16 

Cold  Spring 

45 

17 

36*84 

-fo-23 

37*07 

0-51 

4  *44i  247  8 

27  621*54 

Two  Rock 

34 

41 

51*11 
0-34 

+0*57 

51*68 

0-51 
1*53 

4  '344  848  4 

22  123*22 

Paxton 
Cold  Spring 

148 

21 

51*60 

+o*54 

52-14 

0-46 

4  -819  820  0 

66  041  '97 

17 

21 

30 

57*85 

—0*18 

57*67 

0-45 

4  -664  442  7 

46  178*81 

Mount  Sanhedrin 

10 

07 

II  36 
o*8i 

+019 

11*55 

045 
1*36 

4  *344  848  3 

22    123  *22 

Paxton 

32 

20 

56-44 

-fo-77 

57*21 

0-52 

4  -376  281  6 

23  783  -82 

18 

Great  Caspar 

38 

25 

10-44 

+0*48 

10-92 

0-52 

4  -441  247  8 

27  621  -54 

Two  Rock 

109 

13 

52*73 
59*61 

+071 

53*44 

0-53 
1*57 

4 '622  928*1 

41   968  -95 

18732 — No.  4- 

39 

6io 


UNITED  STATES  COAST  AND  GEODETIC  SURVEY. 


{d)  Adjusted  triangles ^  California — Completed. 


No.  Stations. 


Paxton 

19  \   Great  Caspar 
Mount  Sanhedrin 

Paxton 

20  {  Two  Rock 
Mount  Sanhedrin 

Fisher 

21  {   Great  Caspar 
Two  Rock 


22 


23 


Fisher 

Great  Caspar 
Paxton 

Fisher 

Great  Caspar 
Cold  Spring 


Fisher 

24  {  Two  Rock 
Paxton 

Fisher 

25  {   Two  Rock 
Cold  Spring 

Fisher 

26  \    Paxton 
Cold  Spring 


Observed  angles. 


80 
52 
46 


48 

95 
36 


/ 

42 
51 
25 


15 '65 
56  "49 
51*57 


371 
21     19*21 

04    31  25 

34     10  -82 


I  28 

40  59  ••• 

74  52  55  45 

64  07  2595 

92  35  ... 

36  27  4501 

50  56  35 'iS 

151  53  . .  • . 

5  05  24-31 

23  01  18-85 

51  36  09-53 
45  06  26  78* 
83  17  31  -62 

7*93 

no  53  44*^2 

10  24  35-67 

58  41  46-61 


Correc. 
tion. 

ff 
-to  '92 

— o  -04 

-fo-27 


-TO -15 
-1-0  63 

-ro-36 


-hi  -23 

—  I  '60 

I 


-I  -70 

-3  25 
—  I  -24 


1-86 
3-82 
o-8i 


7  -lo 

59 

17 

35-29 

— o-i6 

35  "13 

16 

43 

00-77 

4-1-63 

02  -40 

103 

59 

23  '45 

-0-58 

22  -87 

59*51 


Spher-  Spher- 
ical       ical 
angles,  excess. 


// 
16-57 
56-45 
51-84 


19-36 

31-88 
II  -18 


....  34-54 

-ri  '99  57  -44 

+3  '97  29  92 

42  "38 

-ri*5i  46-52 

—2  -oi  33  -17 


17-50 
25-54 
17-25 

07-83 
23-53 
30  38 

42-96 

31-85 
45-80 


I  '62 
I  62 

1  -62 

4 -86 
o-8i 
0-80 
081 

2  42 
0-63 
064 
0-63 

1  -90 
069 
0*69 
069 

2  07 
009 

O'lO 
O'lO 

029 

0-58 
0-58 
0-58 

I  '74 

0-2I 
0-20 
0-20 

061 
0-13 
013 
0*14 


Log  5. 


4-757  124  5 
4  '664  442  6 

\    4-622  928  2 

1 

'  4-539  631  o 

'  4  -664  442  5 

4-441  247  7 

4  -376  281  6 
\  4  '544  106  o 
,  4-513  522  2 

I 

I 

4-622  928  2 

!  4  -397  379  4 
4-513  522  2 

4  -594  461 5 
3  -869  319  5 
4-513  522  2 

4  -441  247  8 

4  -397  379  3 
'  4  544  106  o 

4-582  889  I 

3  -869  319  5 

4  -544  106  o 

'  4  -344  848  3 
'  3-869  319  6 
!  4  -397  379  4 


Distances 
in  metres. 


57  -164  -25 
46  178-80 
41  968-96 

34  644-24 

46  17879 
27  621  -53 

23  783-82 

35  003  -06 
32  622  -87 

41  968-96 

24  967  '75 
32  622  -87 

39  306  -25 

7  401  50 

32  622  -87 

27  621  -54 
24  967  -74 
35  003  -06 

38  272  -70 

7  401-50 
35  003  06 

22  123  -22 

7  401  50 
24  967  75 


0-40   j 


TRANSCONTINENTAL  TRI ANGULATION — PART  III — TRI ANGULATION.      6ll 

{e)  Precisicrn  of  the  Western  or  Coast  Range  series  of  triangles. 

For  a  fair  estimate  of  the  precision  of  the  adjusted  triangiilation,  we  have  in  the 
first  place  the  mean  error  of  an  observed  angle  as  derived  from  75  corrections  to  direc- 
tions determined  from  the  23  normal  equations — 


^     \2\yv'\_     /2  X  22-58  _.,,, 


^^^^^^>^^,o^^^..^^ 


To  find  the  probable  error  of  the  length  of  the  side  Great  Caspar  to  Fisher,  which 
can  be  reached  from  the  side  Mount  Helena- Mount  Diablo  by  six  triangles,  we  make 
use  of  the  usual  expressions — 

«.„  =  ^(5.„)~^2'''"  [5» -f  <5    5   4-<5»]     and    e..„-^ 0-674 s^^^uj 

3  "i  A  A       B  li  " 

In  this  case — 

^"n  =13-3,      >:  [<5'  -dd    -  6^  ]  =  83-8.     «,„  =  0-316  and  en,,  =  -ro-53iw. 

.1         .4    It  K 

To  this  probable  error,  due  to  angular  measures,  must  be  added  the  part  arising  from 
the  uncertainty  of  the  starting  side.  The  probable  error  of  the  side  Mount  Helena- 
Mount  Diablo  was  found  to  be  ±0*295  metre  or  jju^o^o  part  of  its  length.  The 
corresponding  probable  error  for  Great  Caspar- Fisher  is  db  0*089  metre,  and  the  total 
probableerror  is  7(0-531)' +  (0-089)"- ±0*538  metre,  which  is  YoV^rir  part  of  the 
length. 

The  distance  between  the  middle  points  of  the  lines  Mount  Helena- Mount  Diablo 
and  Great  Caspar- Fisher  projected  on  the  thirty-ninth  parallel  is  about  120  kilometres 
(74  statute  miles).  The  average  probable  error  of  the  triangulation  may  be  taken  as 
y^  (sffuVTiff  +  (fTj\oo)  ~  Tffi^-cnjo  part  of  the  length.  The  uncertainty  in  length  of  the 
triangulation  between  the  Yolo  Base  Net  and  the  Pacific  is  therefore  1*15  metres. 

G.  vSOME  STATISTICS  OF  THE  TRANSCONTINENTAL  TRIANGULATION. 

In  judging  of  the  extent  and  value  of  this  work,  it  will  be  convenient  to  have  for 
comparison  a  collection  of  some  leading  statistical  numbers  bearing  upon  the  arrange- 
ment and  results  of  the  preceding  com|5utations. 

The  following  table  exhibits  the  approximate  distances  between  the  adjacent  base 
nets  as  measured  from  the  middle  of  a  junction  line  through  the  axis  of  the  intervening 
triangulation  to  the  middle  of  the  opposite  junction  line.  There  is  also  given  the 
number  of  trigonometric  stations  in  the  chain  of  triangles  and  the  number  of  conditional 
equations  involved  and  satisfied  for  each  connecting  link. 


6l2 


UNITED   STATES   COAST   AND   GEODETIC   SURVEY. 


Designation  of  triangulation. 


Starting  and  junction  lines. 


Distances 
between 
sides  of 

base  nets. 

ktn. 


Number  of 
interme- 
diate trian- 
gulation 
stations. 


Number  of 

conditional 

equations 

involved. 


1  The  Eastern  Shore  series 

2  The  Allegheny  series 

3  The  Ohio  series 

4  The  Indiana  series 

5  The  Illinois  series 

6  The  Missouri  series 

7  The  Missouri    and    Kansas 

series 

8  The   Kansas  and   Colorado 

series 

9  The  Rocky    Mountains 

series 

10  The  Nevada  and  California 

series 

1 1  The  Western  or  Coast  Range 

series 


Cape  May  Light  to  Cape  Henlopen 

Light 
Finlay  to  Linstid 

{Webb  to  Marriott 
Summersville  to  Ivy 
{Piney  to  Pigeon 
Reizin  to  Culbertson 
{Green  to  Stout 
Hunt  City  to  Claremont 
r  Hunt  to  Newton 
I  Clark  Mound  to  Dreyer 

{Insane  Asylum  to  Kleinschmidt 
Christian  to  Belche 

(  Hubbard  to  Hughes 

I  Vine  Creek  to  Iron  Mound 

(  Thompson  to  Heath 

I  Holcomb  Hill  to  Big  Springs 
Divide  to  Big  Springs 
Mount  Nebo  to  Ibepah 
Mount  Nebo  to  Ibepah 
Mount  Helena  to  Mount  Diablo 
Mount  Helena  to  Mount  Diablo 
Fisher  to  Cold  Spring 


140 


} 


850 


160 


14 

20 

23 

15 
12 

22 
36 

42 

12 

16 
8 


i8-i-i5 

224-33 

50 

34 

33 

65 

77 

99 
28 

40 
23 


The  total  number  of  principal  triangulation  stations,  not  counting  those  of  the 
base  nets,  is  220.  Adding  to  these  the  latter,  or  88,  we  have  for  the  total  number  of 
principal  stations  308.  To  these  must  be  added  about  240  subordinate  stations — i.  e., 
those  which  connect  the  geodetic  and  astronomic  positions. 

The  total  number  of  conditions  in  the  above  series  is  537.  Adding  to  these  the  206 
conditions  in  the  base  nets,  the  grand  total  of  conditions  subsisting  and  satisfied  is  743. 

The  following  tables  contain  statistics  relating  to  the  angular  measures,  the  closure 
of  triangles,  and  the  degree  of  accord  between  any  two  adjacent  base  lines  when  con- 
nected by  a  series  of  triangles. 

With  respect  to  the  closure  of  the  triangles  (  n  plus  spherical  excess  minus  the  sum 
of  the  angles),  we  find  the  number  of  cases  in  excess  to  those  in  defect  in  the  ratio 
36  to  34,  nearly.     If  ^  equal  the  closing  error,  and  n  the  number  of  triangles,  the 

column  headed  '  *  Mean  error  of  an  angle  * '  gives  the  quantity  a  =  -*/  L    J  with  an  aver- 
age value  of  d=o"*77.     The  column  headed  *' Probable  error  of  an  adjusted  direction'* 


is  given  by  d  —  0*675 


[yv] 


where  c  =  number  of  conditions. 


The  average  value  is  zto"*44 
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H.  SUMMARY  OF  RESULTS  RELATING  TO  ANGULAR  MEASURES. 


Designation  of  locality. 

• 

Triangle  closing  errors. 
Number  of                          Sum  of 

+               -                   +                   — 

Number 
of  tri- 
angles. 

Mean 

error  of 

an  angle. 

// 

Probable 
error  of  a 
resulting 
direction. 

// 

// 

// 

Eastern  Shore  series 

14 

14 

26  55 

22*62 

28 

ztl  '22 

H-O  72 

Kent  Island  Base  Net 

6 

6 

8-42 

7*54 

12 

0-96 

0-41 

Allegheny  series 

33 

♦      18 

4679 

24*20 

52 

098 

0-45 

St.  Albans  Base  Net 

II 

14 

"•35 

23-15 

25 

I  -04 

0-47 

Ohio  series 

20 

24 

24-53 

25-77 

44 

0-85 

0-45 

Holton  Base  Net 

4 

II 

4-40 

7-47 

15 

0-58 

0-34 

Indiana  series 

15 

12 

13*60 

8-II 

27 

o-6o 

0-34 

Olney  Base  Net 

13 

22 

II  'OI 

16 -i8 

35 

0-54 

0*29 

Illinois  series 

10 

18 

6-85 

15-37 

28 

057 

0-34 

American  Bottom  Base  Net 

7 

9 

II  "31 

24-17 

16 

1*59 

0-82 

Missouri  series 

36 

28 

4972 

19-95 

64 

o-8i 

0-66 

Versailles  Base  Net                       • 

17 

14 

16 'GO 

11-83 

31 

0-64 

0-40 

Missouri-Kansas  series 

41 

29 

36-40 

24-90 

70 

0-60 

035 

Salina  Base  Net 

8 

6 

873 

7-10 

14 

o*75 

0-44 

Kansas-Colorado  series 

48 

48 

50   24 

46-05 

96 

0-75 

0-50 

El  Paso  Base  Net 

7 

9 

4*94 

lo-ii 

16 

0-68 

0-40 

Rocky  Mountain  series 

13 

10 

II  -29 

7-93 

23 

0-57 

0-32 

Salt  L,ake  Base  Net 

18 

15 

14-43 

12-28 

33 

0-66 

0-32 

Nevada-California  series 

15 

15 

8-00 

9-17 

30 

0*42 

023 

Yolo  Base  Net 

7 

12 

2  '09 

10-79 

19 

051 

0-24 

Western  or  Coast  Range  series 

14 

9 

16-56 

24-91 

23 

-+-1-37 

-t-o-67 

Sums        357  343  383-21        359-60 

Average  value  from  701  triangles 

Average  value  from  i  660  directions 
*  One  triangle  doses  exactly. 


701 


rbO-77 


io-44 


I.  ACCORD  OF  THE  BASE  LINES. 

In  the  adjustment  of  the  triangulation  between  two  adjacent  base  nets  the  length 
equation  has  been  derived  from  the  angles  as  given  by  the  station  adjustments  previous 
to  any  further  adjustment,  the  triangles  not  even  having  been  closed.  Any  route 
might  have  been  selected,  but  such  angles  as  differ  least  from  90**  have  been  chosen. 
Spherical  angles  have  been  used,  the  logarithms  of  the  terminal  lines  having  been 
corrected  for  difference  in  arc  and  sine.  In  the  solution  of  the  normal  equations  the 
length  equation  was  assigned  the  last  place  in  order,  so  that  the  discrepancy  was 
corrected  for  the  adjustment  of  all  the  other  equations,  thus  showing  the  final  discrep- 
ancy which  was  distributed  over  the  figure,  and  which  was  the  same  that  would  have 
been  obtained  if  the  length  equation  had  not  been  formed  until  all  the  other  equations 
had  been  adjusted. 
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The  following  table  shows  the  discord  in  length  between  adjacent  base  lines  as 

computed  through  the  intervening  triangulation,  derived  in  the  manner  explained  above. 

A  plus  sign  indicates  that  the  base  to  the  east  gives  the  greater  length.    The  discrepancy 

is  given  in  units  of  the  seventh  decimal  place  of  logarithms  and  also  in  parts  of  the 

length. 

Discrepancy. 
Base  lines. 

In  logarithm.     One  part  in — 


Kent  Island  and  St.  Albans 

+  II 

395  000 

St.  Albans  and  Holton 

24 

181  000 

Holton  and  Olney 

71 

61  200 

Olney  and  American  Bottom 

6 

724  000 

American  Bottom  and  Versailles 

-f  86 

50  500 

Versailles  and  Salina 

4-169 

25  700 

Salina  and  El  Paso 

-  92*3 

47  000 

El  Paso  and  Salt  Lake 

-f  85-4 

50  840 

Salt  Lake  and  Yolo 

•f  82-6 

52  600 

F»ARX    IV. 


THE  RESULTS  OF  THE  ASTRONOMIC  DETERMINATIONS 

OF  LATITUDE. 
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IV.  THE  RESULTS  OF  THE  ASTRONOMIC  DETERMI 

NATIONS  OF  LATITUDE 

CONNECTED  WITH  THE  TRANSCONTINENTAL  TRIANGULATION.  * 


A.  GENERAL  REMARKS. 

There  are  more  than  loo  stations  at  which  the  latitudes  were  determined  astro- 
nomically and  almost  exclusively  by  Talcott's  method.  Many  of  these  determinations 
had  been  made  for  purposes  other  than  those  for  which  they  are  now  utilized.  They 
date  back  to  the  year  1846,  a  time  when  the  great  practical  value  of  the  micrometric  or 
Horrebow-Talcott  method*  had  been  fairly  recognized,  only  to  be  further  confirmed 
when  a  greater  choice  of  stars  with  superior  catalogue  places  became  available.  The 
latest  date  when  Airy's  zenith  sector  was  employed  on  the  Survey  for  latitude  work  was 
in  1850  and  1851.  There  are  also  a  few  stations  of  a  permanent  character  where 
the  ordinary  observatory  instruments  were  used.  Altogether  there  are  some  ig  000 
individual  observations  for  latitude  collected  and  utilized  in  connection  with  this  part  of 
the  geodetic  work. 

B.  INSTRUMENTS. 

A  zenith  sector  made  by  Troughton  &  Simms  of  London  according  to  Air3'*s 
design  was  used  at  four  stations:  Webb,  Hill  and  Soper,  in  Maryland,  and  Causten, 
District  of  Columbia,  in  1850-51.  This  instrument  is  described  in  detail  in  Clarke's 
Geodesy, t  pp.  182-185.  It  was  an  instrument  for  making  absolute  measures  of  com- 
paratively small  zenith  distances  (not  exceeding  15°).  The  inclination  of  the  telescope 
was  determined  by  four  microscopes  reading  against  two  arcs,  one  near  the  object 
glass  and  the  other  near  the  eyepiece,  graduated  to  5'  spaces  and  having  a  radius  of 
2o'5  inches.  These  graduated  arcs,  three  levels  and  the  telescope  axis,  were  carried  by 
a  revohnng  frame,  which  was  placed  in  the  plane  of  the  meridian  and  could  be  reversed 
quickly  about  its  vertical  axis.     This  vertical  axis  was  not  continuous,  but  consisted 


*  For  a  short  historical  notice  of  the  Talcott  method,  a  description  of  instrument,  statement  of  formula:,  and  method 
of  reduction,  the  reader  may  consult  Appendix  No.  14,  Coast  and  Geodetic  Survey  Report  for  1880,  pp.  245-259;  further 
information  will  be  found  in  Chauvenet's  Manual  of  Spherical  and  Practical  Astronomy,  1863,  and  in  other  treatises  and 
publications,  e.  g..  C.  L.  Doolittle's  Treatise  on  Practical  Astronomy  (4th  edition  of  1893)  and  Dr.  T.  Albrecht's  "Formcln 
und  HCilfstafeln  fflr  geographische  Ortsbestiramungen,*'  Leipzig,  1894  (3d  edition),  pp.  75  to  84.  A  revised  edition  of 
Appendix  No.  14  has  since  been  published  in  the  Superintendent's  annual  report  for  the  fiscal  year  1897-98.  Appendix 
No.  7,  by  J.  F.  Hay  ford,  assistant. 

t  Geodesy  by  Col.  A.  R.  Clarke,  Oxford,  Clarendon  Press,  1880.  The  instrument  is  figured  on  p.  183.  See  also 
"Ordnance  Survey;  Astronomical  Observations,  etc.,"  1S42  to  1850.     London,  1852. 
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merely  of  a  lower  cone  carrying  the  whole  weight  of  the  frame  and  an  upper  adjustable 
cone  with  its  vertex  downward,  which  was  supposed  to  furnish  just  enough  pressure  to 
make  the  axis  of  revolution  stable. 

All  observations  were  made  with  the  telescope  in  the  meridian,  and  with  the  star 
near  the  middle  of  the  field  of  the  telescope.  Two  pointings,  with  the  corresponding 
arc  and  level  readings,  were  made  upon  each  star,  \vith  a  reversal  of  the  revolving 
frame  i8o°  in  azimuth  between  them. 

The  probable  error  of  a  single  observation  was  but  little  greater  than  with  the 
zenith  telescope,  which  was  used  later.  But  it  was  found  that  in  all  the  observations 
made  with  the  zenith  sector  at  the  four  stations  named  above  and  at  Mount  Independence 
and  Agamenticus,  Maine,  the  latitude  derived  from  .observations  upon  stars  north  of 
the  zenith  were  systematically  greater  (by  o"'8  on  an  average)  than  those  derived  from 
southern  stars.  These  systematic  errors  are  indicated  graphically  in  the  accompanying 
diagram,  reproduced  from  astronomic  report  December  9,  1869,  plotted  from  the  actual 
observations  at  these  six  stations.  It  will  be  noticed  that  the  error  is  apparently  propor- 
tional, on  an  average,  to  the  zenith  distance  of  the  star.  Various  attempts  have  been  made 
to  account  for  these  systematic  errors  by  ascribing  them  to  imperfect  graduation,  to  a 
yielding  of  the  cones  forming  the  vertical  axis,  to  a  distortion  of  the  graduated  arcs  as 
the  revolving  frame  yielded  under  its  own  weight,  to  defects  in  the  assigned  star  places, 
to  deviation  of  the  telescope  from  the  meridian,  and  to  other  causes.  Because  of  these 
unexplained  systematic  errors  and  because  of  the  unwieldiness  of  the  instrument  in 
transportation  the  zenith  sector  was  superseded  on  the  Coast  Survey  by  the  zenith 
telescope  after  the  sector  had  been  used  at  six  stations  only. 

In  computing  the  latitude  from  observations  with  the  zenith  sector  the  latitudes 
were  first  separated  into  two  groups,  one  from  stars  north  of  the  zenith  and  the  other 
from  southern  stars;  the  indiscriminate  mean  of  the  results  in  each  group  was  taken, 
and  the  adopted  latitude  is  the  simple  mean  of  the  two  group  means.  This  method  of 
reduction  eliminates  the  systematic  errors,  provided  said  errors  are  proportional  to  the 
zenith  distance  of  the  star  observed,  and  provided  the  mean  zenith  distance  of  the 
northern  group  is  equal  to  the  mean  zenith  distance  of  the  southern  group.  The  stars 
were  purposely  selected  in  such  a  way  as  to  nearly  fulfill  this  last  condition.  It  was  not 
considered  advisable  to  assign  different  relative  weights,  depending  upon  the  number  of 
observations  to  the  various  stars,  since  it  was  evident  that  the  systematic  errors  were 
much  larger  than  the  outstanding  accidental  errors  of  observation.     The  probable  error 

assigned  to  the  adopted  latitude  was  computed  by  the  formula^/  -"^^5 ^^  [^  which  n 

is  the  number  of  stars  observed  at  the  station,  and  the  v's  are  the  residuals  obtained  by 
.subtracting  the  mean  result  from  each  star  from  the  adopted  latitude.  It  is  believed 
that  the  probable  error  as  thus  computed  is  sufficiently  large  to  include  the  uncertainty 
arising  from  the  obscurity  connected  with  any  systematic  errors. 

The  observations  by  the  Horrebovv-Talcott  method  were  made  with  instruments  of 
three  types,  commonly  called  in  the  Coast  and  Geodetic  Survey  zenith  telescopes,  transit 
and  meridian  telescopes,  respectively.  These  instruments  are  illustrated  in  Appendix 
No.  7  of  the  Coast  and  Geodetic  Sur\-ey  Report  for  1898,  zenith  telescope  Nos.  i  to  4 
in  figure  6,  and  the  meridian  telescopes  in  figure  2;  and  in  Appendix  No.  14  of  the 
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Report  for  1880  the  transit  is  shown  in  illustration  No.  62  and  the  older  form  of  zenith 
telescope  in  illustration  No.  68. 

Particulars  of  these  three  instruments  are  contained  in  the  tabular  form  below: 


T««*„,^^,,»  Made       When      Focal     ^JS5  ^*Rl*"  One  division    One  turn  of 

Instrument.  ^y_       ^^^^     length.  fP^f"  JJ*"?       of  level.        micrometer. 


Zen.  Tel.  M.  A. 

Zen.  Tel.  No.  1 
Zen.  Tel,  No.  2 

2^n.  Tel.  No.  3 


Zen.  Tel.  No.  4 


Zen.  Tel.  No.  5 
Zen.  Tel.  No.  6 
Transit  No.  4 


Transit  No.  6 
Mer.  Tel.  No.  1 


T  &S.* 
T.  &S. 

T.  &S. 


T.  &S. 


W.* 
W. 

T.  &S. 


T.  &S. 
W. 


Mer.  Tel.  No.  2 
Mer.  Tel.  No.  3 
Mer.  Tel.  No.  7 

Mer.  Tel.  No.  9 


W. 

K* 
W. 


1847 


1848 


1849 


1850 

1854 
1848 


1849 
1868 


Mer.  Tel.  No.  13  '       W.       | 
Mer.  Tel.  No.  16  iF.  &  Co.* 


turc.    power. 
ctn,       mm. 


II 


•  ■  «  • 

117 
116 

117 


X17 


iiS 

66 

119 


117 
78 


I '3 


n 

45 


82 

76 

76 


S     °'9^°'*5       46     and  47 


I80 
61 


0*9  to  I  *2 


61        I  *o  to  2  '6 


100 


w  o  -Si  t 
/0-85 


45 

46-6 
47 '6 


76 


100       o  "9  to  2 '2       43 '7  and  44 '7 

Ml  -61 
/I '4  44*6 


95 
50 
70 


70 
70 


66 
90 


O.  7  to  2  "2 

O  *8  to  2  '2 

2"I 


105         I  '6  to  2  "4 


60       o  '9  to  I  '9 


41-4 

76 -2 

41*4 


44 -2 

65-4 

64  4 
66  o 


Remarks. 

Property  of  United  SUtcs  Mili- 
tary Academy  at  West  Point. 

New  micrometer  in  1879. 

Remodeled  1891  for  interna- 
tional latitude  observations  at 
Honolulu. 


After  reconstruction  at  Coast 
and  Geodetic  Survey  Office  in 
1891. 

New  micrometer  in  1S78. 

After  reconstruction  at  Coast 
and  Geodetic  Survey  Oflice  in 
1891. 


Fitted  for  latitude  observations 
in  1881;  modified  at  Coast  and 
Geodetic  Survey  Office  in  1890. 

Pitted  for  latitude  observations 
in  1881. 

Furnished  with  new  objective 
in  1872. 

Remodeled  at  Coast  and  Geo- 
detic Survey  Office  in  1893. 


1874 

79 

72 

77 

07  to  1-7 

64  0  to  65  9 

656 

New  micrometer  in  1894. 

1876 

80 

70 

70 

0  "9  to  3  '6 

63-8 
65 -t 

New  micrometer  in  1S94. 

1870 

66 

M 

70 

1  'o  to  2  -3 

77-1 
79  I 

78-3 

Three  different  objectives. 

•   «  •    • 

65 

,    52 

43 

I  'O  to  2*1 

1007 

807 

New  micrometer  in  iSg,^. 

forci 
1871/ 

66 

ffi 

72 

2  5  to  2  7 

77 -S 

«   •  •   • 

7-S 

66 

•    k    •     • 

I  9  to  2  6 

673 

•T.  &  S.  =  Troughton  &  Sinims.     W.  =  Wiirdemann.     F.  &  Co.  -=  Fauth  &  Company.     K.  =  K.  Kubel. 
t  These  remodeled  carry  two  latitude  levels— an  upp>er  and  a  lower. 


622 


UNITED   STATES   COAST   AND   GEODETIC   SURVEY. 


C.  DETERMINATION  OF  THE  MEAN  PLACES  OF  STARS. 

The  star  catalogues  upon  which  the  computations  made  during  the  past  year 
(1898)  of  the  north  polar  distance  of  latitude  stars  have  been  based  are  as  follows  (the 
date  being  that  to  which  observations  given  in  the  catalogue  are  reduced): 


1755-   Auwers'  Bradley 

1790.   Fedorenko 

1800.  D'Agelet  (Gould) 

1800.   Bailey's  Lalande 

1800.   Piazzi 

1 8 10.  GrcK^mbridj^e 

1825.  Wcisse's  Bessel 

1830.  Cambridge 

1830.  Pond 

1830.  Struve 

1830.  ArgelandtT,  A1k> 

1836. 

1850. 

1840.  Armagh 

1840.  Cape 

>Greenwich,  12-year 

1845.   Pulkowa 


Ri'i  inker 


1840. 
1845. 


1845.  Radcliffe 

1845. 

i860.  Paris 

1875. 

1850.  Greenwich,  6-year 

1850.  Cape 

1855.  Bonn 

1855.   Pulkowa 

i860.  Cape 

1860.  Greenwich,  7-year 

i860.   Radcliffe 

i860.   Washington.  Fri  shy's  Yarn  all 

1862.^ 

1863.  Radcliffe 
1864. 

1864.  Greenwich,  7 -year 

1865.  Brussels 


1870.  Glasgow 

1870.  Melbourne 

1870.  Leiden 

1872.  Greenwich,  9-year 

1875.  Auwers'  Fundamental 

1875.  Armagh 

1875.  Cordoba 

1875.  Rome 

1875.  Romberg 

1875.  Harvard 

1880.  Cape 

1880.  Greenwich,  lo-year 

1880.  Ann  Arbor  (  M.  S. ) 

18S5.  Pulkowa 

1890.  Greenwich,  .s-year 

1890.  Radcliffe 

1890.  Glasgow 

1890.  Cincinnati 


1865.   Pulkowa 

Greenwich  annual  volumes  1887  to  1895,  inclusive,  and  Kdinburgh  observations  by  Henderson 
and  Smyth  of  various  eix>chs. 

The  present  practice  in  computing  mean  places  is  as  follows:  The  north  polar 
distance  and  related  quantities  are  abstracted  for  a  given  star  from  each  of  the  above 
catalogues  in  which  that  star  occurs.  To  the  north  jxdar  distance  from  each  catalogue 
is  applied  a  systematic  correcticm  for  the  known  sy.stematic  errors  of  that  catalogue  as 
developed  by  the  researches  of  Prof.  Lewis  Boss.--^  supplemented  for  catalogues  not 
treated  bv  him  bv  corrections  from  .similar  re.^^arches  bv  other  authorities.  The 
restilting  north  polar  distances  are  reduced  to  a  common  epoch  (1890)  by  using  the 
fir.st  two  terms  of  flie  precession  and  an  assumed  approximate  value  of  the  proper 
motion.  To  these  reduced  north  polar  distances  are  assigned  relative  weights  derived 
from  the  researches  of  Professor  Boss  and  other  authorities  referred  to  above.  Bv  a 
rigid  least  square  reduction  the  most  probable  correction  to  the  assumed  proper  motion 
and  the  most  probable  value  of  the  north  polar  distance  at  the  epoch  1890,  together  with 
the  probable  errors  of  those  quantities,  are  then  derived,  whence  the  declination  and  its 
probable  error  at  any  epcxrh  becomes  known. 

This,  the  present  method  of  computing  mean  places,  has  lieon  developed  and  put 
intou.se  gradually.  In  connection  with  the  latitude  observations  along  the  thirty-ninth 
parallel,  extending  over  a  period  of  half  a  century,  many  of  the  mean  places  were  com- 
puted by  methods  which  at  the  time  were  satisfactory  for  the  purpose,  yet  crude  as 
compared  with  the  present  means.  To  recompute  all  such  mean  places  would  not  be 
justified  by  the  small  improvement  in  accuracy  to  be  expected:  it  did  seem  desirable, 


♦See  reix)rt  on  the  "Survey  of  the  Northern  Boundary  from  the  Mtke  of  the  Woods  to  the  Rocky  Mountains;** 

Washington.  iS7b.     (  Pp.  409-619. ) 
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however,  to  reexamine  and  eliminate  the  larger  discrepancies  arising  from  such  mean 
place  computations. 

Thus,  wherever  it  was  found  that  A9>,  the  residual  for  anj'^  pair  from  the  indiscrim- 
inate mean  was  greater  than  3^4  times  the  probable  error  of  the  mean  for  that  pair,  as 

3  I        a 

given  by  the  formula     xx        n,  ,  in  which   the  larger  of  the  two  values  for    xx  was 

2  2 

used  as  in  computing  the  weight  (see  pages  624-625),  the  mean  place  computation  for  that 
pair  was  carefully  revised  by  present  methods,  to  determine,  if  possible,  whether  the  large 
residual  was  due  to  defects  in  the  assigned  mean  places  or  to  other  causes.  The  mean 
places  of  106  stars  were  thus  revised.  In  56  cases  the  required  correction  to  the  north 
polar  distance  was  found  to  be  positive  and  in  50  cases  negative;  the  largest  plus  correc- 
tion was  7" '7  and  the  largest  minus  correction  5" '9;  the  mean  of  all  the  corrections 
without  regard  to  sign  was  i"'oi  and  the  mean  of  all  with  regard  to  sign  +  o"'i8.  The 
above  facts  indicate  that  the  defects  in  the  old  north  polar  distances  are  in  the  main 
accidental.  Although  the  number  of  star  catalogues  has  greath^  multiplied  since  the 
observations  and  computations  for  latitude  were  made,  it  may  be  said  that  if  all  the  mean 
places  were  reduced  to  a  modern  basis  the  value  assigned  to  the  mean  latitude  of  the 
thirty-ninth  parallel  triangulation  would  not  be  thereby  changed  from  its  present  value 
more  than  o"*o5  at  most,  and  that  it  is  improbable  that  it  would  be  changed  more 
than  o"'02. 

D.  WEIGHTS  AND  PROBABLE  ERRORS. 

The  probable  errors  and  relative  weights  assigned  to  the  separate  pairs  were  com- 
puted as  indicated  below: 

Let  ;/  —  the  total  number  of  observations  and  ;/*  the  number  upon  any  pair,  p  —  the 
number  of  pairs,  A  =  the  difference  between  each  individual  result  and  the  mean  result 
deduced  from  that  pair.  ^  A^'=  the  sum  of  all  the  A^'s,  and  e  —  the  probable  error  of 
a  single  observation  for  latitude,  then 

,..  ^,  0-455,^ A' ^j) 

n  — p 

Let     **  be  the  probable  error  of  the  mean  of  two  declinations.     A  value  for    -^^ 
2  2 

for  the  stars  observed  at  a  station  may  be  obtained  in  two  ways — namely,  from  the  com- 
putation of  the  mean  places  of  the  stars  and  from  the  latitude  computation  itself. 

The  computation  of  the  mean  places  furnishes,  for  each  star,  the  value  of  e-^jc^  the 
probable  error  of  declination  of  that  star.  If  the  probable  errors  of  the  declinations  of 
the  stars  of  a  pair  are  e^^  and  e:^^,  the  probable  error  of  the  mean  of  the  two  declina- 
tions is — 


e 
2 


^1*2 (»2) 


and  neglecting  the  difference  between  ^^^^  and  e^  we  may  write  e"      ^  -^  and  a  mean 
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value  of  e"  for  the  station  is —  ^  . 

2 

in  which  iV  is  the  total  number  of  stars  observed  at  the  station  and  2^  is  the  sum  of 

all  the  ^'s  given  by  the  mean  place  computations  of  those  stars. 

To  deduce  a  mean  value  for  ^sjojc  for  the  station  from  the  latitude  observations, 
without  reference  to  the  probable  errors  of  declinations  furnished  by  the  preceding  mean 
place  computation  the  following  process  suffices.  From  the  ordinary  law  of  combina- 
tion of  errors — 


_       2  _  fa 
2 


^      =<-^ (4) 


in  which  e.  is  the  probable  error  of  the  mean  result  from  a  pair,  and  b  is  the  probable 

error  in  that  mean  result  arising  from  observation  only  and  therefore  exclusive  of  errors 
of  declination. 

A  mean  value  of  e.  for  the  station  is  obtained  from  the  differences  A  <p  between 

P 

the  mean  results  from  the  separate  pairs  and  the  indiscriminate  mean  of  all  the  pairs. 

Thus— 

0*455  ^AO^*  /    X 

'>=        p^^    ^ (5) 

Each  pair  furnishes  a  value  for  f""  of  the  following  form — 

.»  =  £! 

in  which  tC  is  the  number  of  observations  upon  that  pair.     Giving  the  various  values 
of  «'  equal  weight,  their  mean  is — 

^=^2-, (6) 

The  mean  values  of  e'.  and  f'  for  the  station,  from  (5)  and  (6)  being  substituted 
in  (4),  there  is  obtained  a  mean  value  of  ^      for  the  station. 

2 
In  combining  the  mean  results  from  the  separate  pairs,  it  is  desirable  to  give  them 
relative  weights  which  are  inversely  proportional  to  the  squares  of  their  probable  errors. 
Accordingly,  the  weight  assigned  to  each  pair  is — 


«'=/  <:..  +:-M      (7) 


in  which  the  value  used  for  e"     for  each  pair  is  always  the  larger  of  the  two  values 
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given  for  that  pair  by  (4)  and  (2).     This  treatment  is  based  upon  the  supposition  that 
if  (4)  gives  a  greater  value  for  ^     than  (2),  there  are  other  sensible  ^xroxs  peculiar  to 

2 
the  pair  in  addition  to  the  assigned  declination  errors. 

The  only  cases  in  which  exceptions  have  been  made  to  the  weights  stated  in  (7) 
are  those  in  which  one  star  is  treated  in  connection  with  two  or  more  others  to  form 
two  or  more  pairs,  which  are  not,  therefore,  independent  pairs.  If  one  star  is  combined 
with  each  of  two  others  to  form  two  pairs,  each  of  these  pairs- was  given  a  weight 
two- thirds  as  large  as  indicated  by  (7).  If  one  star  is  combined  with  each  of  three 
others  to  form  three  partially  dependent  pairs,  each  of  these  pairs  was  given  a  weight 
one-half  as  large  as  that  indicated  by  (7).  A  single  star,  nearly  in  the  zenith,  and 
observed  in  both  positions  of  the  instrument,  was  given  the  weight — 

w  =  /  2^ 

The  probable  error  of  the  weighted  mean  of  resulting  latitude  is — 


^ 


w 


in  which  the  residuals,  z/,  are  the  differences  between  the  mean  results  from  the  separate 
pairs  and  the  weighted  mean  of  all. 

In  the  following  tabular  statements  of  results  the  values  given  in  the  column  headed 
* 'Adopted  seconds  of  mean  N.  P.  D.*'  are  the  mean  north  polar  distances  at  the  begin- 
ning of  the  year  of  observation,  which  were*  adopted  and  used  in  the  computation. 
When  the  same  star  appears  in  the  tabulations  for  different  stations,  the  various  values 
for  its  north  polar  distance  do  not  necessarily  depend  upon  the  same  data.  It  frequently 
happens  that  the  place  given  for  a  star  at  late  date  depends  in  part  upon  data  which 
were  not  available  when  the  computation  for  an  earlier  date  was  made. 

Star  numbers  given  without  any  modification  refer  to  the  British  Association  Cata- 
logue; numbers  inclosed  in  a  parenthesis,  thus  (  ),  refer  to  the  Greenwich  Ten  Year 
Catalogue  for  the  epoch  1880;  and  numbers  in  a  square  bracket,  thus  [  ] ,  refer  to  the 
Coast  Survey  Catalogue  given  in  Appendix  No.  7  of  the  1876  report.  An  asterisk 
placed  upon  a  star  number  serves  to  call  attention  to  the  fact  that  the  star  is  also  used 
in  another  pair  or  pairs  at  that  station.  The  subscripts  P,  F,  M,  indicate  the  preceding, 
following,  and  mean  of  two  close  stars,  respectively. 

The  revisions  of  mean  places  of  stars  and  of  the  latitude  results  here  given,  in 
general,  were  placed  in  charge  of  Mr.  J.  F.  Hayford. 
18732 — No.  4 40 
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E.  ABSTRACTS  OF  RESULTING  LATITUDES  AS  OBSERVED  AT  THE 
ASTRONOMIC  STATIONS  OF  THE  TRANSCONTINENTAL  TRIANGU- 
LATION. 

I.    BASTBRN  SHORB  SERIES. 

( I )  Latitude  at  Cape  May,  New  Jersey.  B.  Smith  and  F.  H.  Parsons.  T.  and  S.  Transit  No.  6. 
May  13-27,  1881.  One  division  of  level  =  2'^"455,  observed  at  the  office  in  April,  1881.  One  turn  of 
micrometer  =44'^*  198,  derived  from  observations  upon  Polaris  at  this  station. 


Pairs  of  stars. 

Adopted  seconds  of 
mean  N.  P.  D. 

n' 

w 

Latitude. 
0      /      // 

V 

4  607 

4  656 

32-85 

26  08 

5 

5 

38  55  44  -73 

—0*07 

4  706 

4  742 

38-50 

00  58 

4 

5 

45*12 

—0*46 

4758 

4  812 

30-38 

14-44 

3 

4 

44-12 

+o*54 

4  876 

4  937 

24*47 

04-25 

4 

5 

44*72 

—0*06 

4  974 

5  031 

54-52 

36-01 

5 

5 

44-80 

—0*14 

5  076 

5  084 

35-14 

17*12 

5 

5 

45-12 

—0*46 

(2386) 

(2  421) 

00*27 

22*66 

5 

5 

45-37 

—071 

5  168 

5  178 

30-59 

37-67 

4 

5 

46*05 

-1-39 

5  249 

5  293 

56-36 

37-51 

4 

5 

44-26 

+0*40 

5  313 

5  322 

48-99 

51-19 

3 

4 

44*35 

-fo*3i 

5  348 

5  426 

5970 

26  28 

4 

5 

43-72 

0-94 

5  460 

:5  496 

22 -08 

03-25 

5 

5 

45-07 

—0  *4i 

5  525 

5  599 

59-98 

04-52 

5 

5 

44*11 

-fo*55 

5  619 

(2  617) 

27-94 

50-32 

4 

5 

43-58 

-fi-oS 

Indiscriminate  mean  =38®  55^  44'''*65. 
Weighted  mean  =38    55    44   "66  ±0^^*12. 

e  =  d=o^'*52. 
60  observations,  14  pairs.     Twelve  observations  were  rejected  at  this  station;  the  level  was  con- 
sidered to  be  defective. 

[Reduction  to  pole  or  station  mark  -|-  1^^*28.] 
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I.  BASTBRN  SHORB  SBRIBS — continued. 

Latitude  at  Cape  May,  New  Jersey.  C.  H.  Sinclair.  Zenith  telescope  No.  6.  May  5-9,  1891. 
One  division  of  level  =&^'q6.  One  turn  of  micrometer  =  76^^*094,  derived  from  latitude  observations 
at  this  station. 


Pairs  of  stars. 

Adopted 
mean 

seconds  of 
N.  P.  D. 

n' 

"  w 

Latitude. 

V 

tt 

ff 

0     /      // 

// 

4384 

4438 

04 '44 

09*08 

4 

8 

38  55  44  *I9 

+0*58 

(i  130) 

4  564 

3862 

39 '40 

4 

8 

44*62 

-fo*i5 

4  607 

*4  656 

33 '33 

23*87 

4 

5 

44*48 

+0*29 

*4  656 

*4  701 

23  87 

36*55 

4 

5 

44-06 

+0*71 

4  675 

*4  701 

12*49 

36  55 

2 

5 

44  09 

4-0-68 

4  706 

4  742 

3066 

47*75 

4 

8 

44*84 

—0*07 

4758 

4  812 

18-25 

53*17 

4 

8 

44*43 

4-0*34 

4876J, 

4  937 

5778 

32-15 

4 

8 

44*80 

— 003 

4  974f 

5  031 

1573 

51*43 

3 

8 

44*86 

—0*09 

(I  261) 

5  071 

53-85 

55*92 

3 

8 

45*33 

—0*56 

5  076 

5  084 

45*62 

25*62 

3 

8 

45*10 

-0*33 

(I  275) 

(I  289) 

07*10 

22*67 

4 

8 

44*41 

4-0*36 

5  168 

5  I78ir 

29*70 

35*14 

3 

8 

45*72 

095 

5  249 

5  293 

48  70 

23X)9 

4 

8 

44*10 

4-0-67 

5  313 

5  322 

31*47 

33  64 

4 

8 

44*97 

— 0*20 

5  348 

5  426 

3671 

59*50 

3 

8 

44*61 

-1-0 -16 

5  463 

5  473 

3687 

17*61 

4 

8 

44*18 

4-0*59 

5  525 

5  599 

21*44 

16*38 

3 

8 

45*32 

055 

5  619 

(I  393) 

36-12 

56 -97 

3 

8 

45  06 

—0*29 

5  643 

*(i  404) 

23  64 

56 -24 

3 

5 

45-88 

—I  *ii 

*(i  404) 

5  752 

56  24 

04*77 

3 

5 

44*95 

— o*i8 

Indiscriminate  mean  =38°  55'  44'' '76. 
Weighted  mean  =38    55  44  '77^=0" '07. 

e=  ±0^^*28. 
73  observations,  21  pairs. 
[Reduction  to  pole  or  station  mark  -f  i^^'38.] 


628 


UNITED  STATES  COAST  AND  GEODETIC  SURVEY. 


I.  EASTERN  SHORE  SERIES — continued. 

(2)  Latitude  at  Cape  Henlopen^  Delaware,  O.  B.  French.  Meridian  telescope  No.  9.  September 
6-10, 1897.  One  division  of  level  =  I'^'Si,  observed  at  the  ofl&ce  in  March,  1893.  One  turn  of  microm- 
eter =  8o'''672,  derived  from  observations  upon  two  circumpolars  at  this  station. 


Pairs  of  stars. 

Adopted 
mean 

seconds  of 
N.  P.  D. 

n' 

w 

Latitude. 

V 

// 

// 

0     /      // 

// 

6585 

6  650 

47*97 

08-62 

3 

7 

38  46  40-18 

— o-i8 

6  690 

(3  190) 

24-29 

51*30 

3 

7 

39*99 

-fO'OI 

(3  232) 

6  771 

23-12 

40-01 

4 

10 

40-10 

—0*10 

6  808 

6  802 

53*04 

13*55 

2 

5 

40-98 

—0*98 

6  834 

6839 

22-24 

16-31 

4 

9 

39-80 

-f0-20 

6  862 

6  868 

30*78 

54*47 

3 

6 

40-16 

—0-16 

(3  315) 

(3  324) 

41*15 

49*55 

4 

8 

39*96 

4-0*04 

6  926 

(3  331) 

12-98 

28*07 

4 

9 

39*64 

-fo*36 

(3  338) 

6  976 

52*63 

5099 

4 

8 

39*94 

-fo*o6 

7  017 

7  088 

39-02 

48-81 

3 

7 

39*96 

+0*04 

(3  445) 

(3  465) 

45 -20 

09*33 

3 

4 

40  -41 

—0*41 

(3486) 

*7  294 

09-11 

17*83 

3 

5 

39*84 

+o*i6 

7  256 

*7  294 

03*19 

17*83 

3 

5 

40*00 

0*00 

7  313 

*7  336 

49  '84 

26-14 

3 

5 

40*23 

—0*23 

*7  336 

7  398 

26-14 

14-10 

3 

5 

39*49 

+0*51 

7  465 

7  480 

33*71 

49*65 

3 

7 

39*52 

+0*48 

7  520 

7  582 

41*41 

33*11 

3 

7 

40*20 

— 0*20 

7  595 

7  606 

16-60 

36-37 

3 

7 

39*79 

+0*2I 

*7  641 

(3669) 

45*98 

07-48 

3 

5 

39*98 

-|-0*02 

*7  641 

(3  670) 

45*98 

10*08 

3 

5 

40*36 

—0-36 

64 


Indiscriminate  mean  =  38°  46^  40^^*03. 
Weighted  mean  =38    46  40   -oodr  0^^-05. 

e=  zb  0^^-60. 
observations,  20  pairs.     Four  observations  were  rejected  at  this  station. 
[Reduction  to  geodetic  station,  Cape  Henlopen  Light  —  0^^*56.] 
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I.  EASTERN  SHORE  SERIES — Continued. 

(3)  Latitude  at  Dover y  Delaware,  C.  H.  Sinclair.  Zenith  telescope  No.  6.  May  17-22,  1897. 
One  division  of  level  =  2^' '207,  the  mean  of  the  observed  values  of  January,  1893,  and  May.  1895. 
One  turn  of  micrometer  =  76^^*237,  derived  from  the  latitude  observations  at  this  station. 


Pairs  of  stars. 


4538 

*2  125 

4  645 
(i  177) 
4  718 
4  728 
2  233 
4  810 

♦4  847 

*4  847 

4  906 

4  978 

5  075 
2  396 

*5  130 
5  234 
2  472 


*2  125 

4  607 
4  659 
4  689 
4  713 
4  747 
4  789 
(i  208) 

4  874 
2  285 

4  958 

2  339 
(I  277) 

*5  130 

5  178 
(I  316) 

5  307 


Adopted  seconds  of 
mean  N.  P.  D. 


n* 


w 


Latitude. 


// 


// 


Indiscriminate  mean  =  39*  09^  I3^'*6i. 
Weighted  mean  =39   09  13   -62  db  o''*o6. 

e=  ±0^^-41. 
67  observations,  17  pairs. 
[Reduction  to  geodetic  station,  Court-house  Cupola  -f  o''*52.] 


V 


// 


26*67 

48*61 

4 

9 

39  09  14  -oi 

039 

48-61 

2173 

4 

9 

13*33 

-fO*29 

46-24 

45*40 

3 

13 

13*56 

-i-o*o6 

24*50 

3172 

4 

15 

14*00 

-0*38 

06*51 

21*74    • 

4 

7 

13*46 

--0*16 

51*44 

55*36 

4 

14 

13*88 

—0*26 

42 '81 

23*40 

4 

15 

13  93 

—0*31 

II  *4i 

53*22 

4 

13 

13  71 

—0*09 

24*50 

57*03 

4 

13 

13*57 

+0*05 

24*50 

57*23 

4 

II 

13  7' 

—0*09 

19*52 

11*66 

4 

17 

13*72 

—0*10 

56*51 

18  20 

4 

12 

13*31 

4-0*31 

25*46 

37*47 

4 

12 

13*12 

-fo*5o 

41*14 

04*08     , 

4 

10 

13*60 

4-0*02 

04*08 

47*09 

4 

13 

14*14 

—0*52 

25*52 

5667 

4 

15 

12*83 

4-0*79 

40*28 

27*95 

4 

12 

13*49 

4-0*13 

630 


UNITED   STATES   COAST   AND   GEODETIC   SURVEY. 


I.  EASTERN  SHORE  SERIES — continued. 

{4)  Latitude  at  Princtpio,  Maryland,     R.  D.  Cutts.     Zenith  telescope  No.  5. 
10,  1866.     One  division  of  level  =  o''^76.     One  turn  of  micrometer  =  4i''-4o. 

Latitude. 


39  35 


July  19-September 


Pairs  of  stars. 

5  596 

5  652 

5  702 

5  717 

5' 785 

5  860 

5  900 

5  918 

6  021 

6  091 

6  116 

6  184 

6  232 

6  252 

6  289 

6387 

6438 

6  500 

6581 

6  624 

6  656 

6  667 

6695 

6  712 

6  731 

6  777 

6  819 

6834 

6  912 

6  924 

5  9" 

5  962 

6  079 

6  134 

6  162 

6  235 

6  348 

6  453 

6  491 

6  520 

6  551 

6637 

6  698 

6  754 

6  794 

6  861 

6  890 

6  930 

6996 

7  008 

7  061 

7   lOI 

7  143 

7  166 

7  204 

7  233 

7  260 

7  313 

7  401 

7  437 

7  461 

7468 

7  524 

7  559 

7  712 

7  738 

7  798 

7  815 

7  855 

7  923 

7  945 

8  024 

8  083 

8  131 

8  162 

8  227 

8  256 

8  307 

8359 

8 

Adopted  seconds  of 

n' 

7i) 

mean  N. 

P.  D 

• 

7m 

M/ 

// 

ft 

f 

29 

•96 

13 

*69 

7 

13 

59*95 

21 

•30 

6 

13 

09-40 

54*57 

6 

13 

09 '53 

07*47 

6 

13 

56 

*05 

39*57 

7 

13 

32 

-00 

47 

•00 

6 

13 

23*95 

19 

•38 

6 

13 

34*37 

46-44 

7 

13 

01 

•94 

32 

•08 

6 

13 

57 

-98 

06 

•89 

7 

13 

16 

•73 

58 

-08 

8 

14 

14 

*65 

04 

•00 

5 

12 

58 

•86 

44*71 

6 

13 

12 

-00 

07 

*76 

4 

II 

II 

*94 

43 

-21 

6 

13 

34 

•02 

47 

•85 

2 

8 

19 

•16 

27 

•20 

8 

14 

II 

*56 

38 

•80 

4 

II 

21 

*93 

20 

-27 

3 

10 

31 

•90 

12 

•86 

4 

II 

30 

•00 

32 

-78 

4 

II 

48 

•61 

29*45 

5 

12 

31 

*64 

51 

•88 

4 

II 

31 

•90 

43 

-48 

5 

12 

03 

-06 

05 

•62 

7 

13 

54*44 

59*74 

8 

14 

08 

•00 

59 

•58 

9 

14 

4872 

54*07 

8 

14 

20 

•45 

05*95 

8 

14 

53 

•48 

57 

•76 

8 

14 

23 

•60 

56 

•93 

6 

13 

06 

•16 

00 

•90 

8 

14 

54*04 

15 

-69 

9 

14 

35 

*83 

29 

-68 

9 

14 

20 

•45 

43 

•26 

6 

13 

^9 

•22 

49*37 

6 

13 

15 

*I7 

32 

■85 

6 

13 

09-30 

27 

*76 

7 

13 

49 

•28 

22 

•16 

5 

12 

30*41 

56-44 

4 

II 

V 


// 

// 

32*44 

+0-37 

33*45 

—0*64 

31*88 

■fo-93 

32-98 

—0-17 

32*74 

-foo7 

33*02 

— 0'2I 

32*49 

-f-o-32 

32-92 

— O'll 

32-11 

+070 

32-96 

—0-15 

32-76 

+005 

32*46 

+0-35 

33*39 

-0-58 

32*34 

+0-47 

32*39 

+0-42 

33*00 

—0-19 

33*67 

-0-86 

33*53 

—0-72 

33*22 

—0*41 

33*28 

-0-47 

32-40 

4-0-41 

32*55 

-fo-26 

32-62 

+0-19 

32*99 

— o-i8 

33*19 

-0-38 

33*26 

-0-45 

32*61 

4-0*20 

32*77 

4-0 -04 

32*64 

4-0-17 

32-00 

4-0 -81 

32*67 

40-14 

32*33 

4-0-48 

33 'oo 

—0-19 

32 -86 

—0-05 

32-62 

4-0-19 

32  64 

-fo-17 

32*74 

4-0-07 

33*36 

-0-55 

33 'oo 

—0-19 

33*28 

-0-47 

Indiscriminate  mean  =  39°  35'  32^^-81. 
Weighted  mean  =39   35   32    -8idbo''-04. 

e=  ±0^^-36. 
246  observations,  40  pairs. 

[Reduction  to  geodetic  station  o^^'oo.] 
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I.  EASTERN  SHORE  SERIES — continued. 

(5)  Latitude  at  Pooles  Island^  Maryland.  G.  Davidson.  SSenith  telescope  M.  A.  June  13-July  4, 
1847.  One  division  of  level  =  i^''* 28.  One  turn  of  micrometer  =  44'' -994,  derived  from  latitude 
observations  at  this  station. 


Pairs  of  stars. 

Adopted  seconds  of 
mean  N.  P.  D. 

// 

// 

*4  706 

4  726 

5179 

34-02 

*4  706 

4  756 

5179 

35-47 

*4  706 

4  789 

5179 

24*16 

4  874 

4  933 

04-85 

33-95 

4  962 

♦5  064 

01  '12 

47-87 

4  969 

*5  064 

10 'lO 

47-87 

5085 

5  116 

48-05 

38-64 

5  348 

5466 

2879 

01*48 

5  530 

5  629 

15-59 

37  05 

*5  647 

5  740 

01 -18 

51-69 

*5  647 

5  745 

01 -18 

40*10 

5  797 

5  900 

48*16 

05-33 

5  922 

5  937 

12*42 

59  60 

6  021 

6  052 

09*64 

48*80 

6  134 

6  184 

27*41 

59-32 

6  216 

6  231 

45  00 

55-88 

6  322 

*6  368 

35-83 

38  30 

6  341 

♦6  368 

51-33 

38-30 

6  397 

6  410 

04-52 

47*11 

6438 

6477 

19*00 

22*61 

6  574 

6496 

57-93 

II  *6o 

6  582 

6  601 

53-53 

26*37 

6589 

6  640 

33-10 

33-79 

6  681 

6695 

46-25 

32*60 

*6  748 

6  827 

58-83 

58-38 

*6  748 

6835 

58-83 

41*09 

n' 

3 

I 

4 

5 

2 

5 

3 
6 

6 

8 

8 

6 

7 

7 

3 

7 

4 

5 

5 
6 

6 

6 

5 
4 

4 

4 


w 

07 

0-4 
o*8 

1*8 

0*7 

•2 

-4 
-9 
-9 
-3 
-3 
-9 
-9 
•9 
•4 

•9 

•I 

•2 

*8 

-9 
•9 

-9 

*8 

•6 
•I 
*i 


Latitude. 


V 


39  17 


Indiscriminate  mean  =  39®  17'  17^ 


-5i- 


// 

// 

17-57 

—0*05 

16*00 

+1-52 

20*06 

-2*54 

17-38 

-fo-14 

17*59 

—0*07 

16*85 

+0*67 

16*56 

+096 

19-74 

—2*22 

17*95 

-0*43 

18*29 

-0*77 

18*48 

—0*96 

17-50 

4-0*02 

16*03 

+  1-49 

16 '02 

-f  i'50 

16*72 

-fo*8o 

18*96 

-1-44 

16*13 

+  1-39 

16*66 

-1-0*86 

18*21 

—0-69 

17-31 

40  "21 

18*30 

—0-78 

15-48 

+2  04 

17*67 

—0*15 

17*89 

-0*37 

17-09 

+0-43 

18*83 

-1*31 

Weighted  mean  =39    17   17    *52±:  0^^*15. 

^=  d=i''*oi. 
130  observations,  26  pairs. 

[Reduction  to  geodetic  station  —  7^^*84.] 
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I.  EASTERN  SHORE  SERIES — continued. 

(6)  Latitude  at  Calvert.  Maryland.  A,  T.  Mosman.  Meridian  telescope  No.  7.  July  26-August 
13,  1871.  One  division  of  level  =■  i^^ '06.  One  turn  of  micrometer  =77'^ '109,  the  mean  result  from 
observations  at  four  stations. 


Pairs  of  stars. 

Adopted  seconds  of 
mean  N.  P.  D. 

// 

ff 

5  821 

5  840 

3873 

42-08 

5  874 

5  886 

50-15 

59*76 

5  962 

5  990 

00 '60 

25-96 

6  021 

6  056 

07*35 

12 -oo 

6  068 

6  082 

60-28 

50*54 

6089 

6  122 

16-48 

60-89 

6  157 

6  184 

13-50 

43-58 

6  218 

6  235 

47*59 

31-85 

6  300 

6  350 

03*55 

52-92 

6  355 

6365 

05-80 

05 -68 

6390 

6  456 

47*19 

16-90 

6391 

6466 

14*50 

48-63 

6  508 

6528 

38*14 

34-20 

6586 

6  595 

15*06 

06-86 

6  f>44 

6  662 

47*98 

01  -80 

6  676 

6697 

45  '48 

39*" 

6  701 

6  735 

35*11 

29 -88 

6  780 

6  794 

24-18 

46*35 

6834 

6853 

21  -21 

23*41 

6879 

6895 

04-18 

11*79 

6  937 

6  986 

18-53 

58-62 

6967 

6996 

15  '24 

08-14 

7  027 

7084 

06-34 

51-75 

8 

7 

7 

7 

7 
6 

I 

7 

8 

7 

7 
6 

6 

7 
6 

6 
6 
6 
6 
6 
6 
6 
6 


w 

4 
4 
4 
4 
4 

4 

2 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 


Iratitude. 


V 


38  21 


Indiscriminate  mean  =  38°  ii'  31^^-88. 
Weighted  mean  =38    21    31    -88dro'''ii. 

^  =  ±0^^-64.  * 
145  observations,  23  pairs. 

[Reduction  to  geodetic  station  —  o^'-02.] 


// 

// 

31*30 

+0-58 

33*36 

—1-48 

33-00 

—  I  '12 

32*03 

— 0-I5 

31*98 

— o-io 

31*58 

+030 

31*96 

—0-08 

30*79 

-fI-09 

31*39 

4-0-49 

31*28 

+0-60 

32-42 

-054 

31-36 
32  •?8 

+0-52 
—0-30 

32  -02 

—0-14 

32*05 

—0*17 

3' -40 

-fo-48 

29-76 

-1-2 -12 

31*57 

+0-31 

31-36 

-ho -52 

32-71 

-083 

32*55 

-0-67 

52*52 

—0-64 

32-66 

-078 
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I.  EASTERN  SHORE  SERIES — continued. 

(7)  Latitude  at  Taylor^  Maryland.  T.  J.  Lee.  Zenith  telescope  M.  A.  May  17-29,  1847.  One 
division  of  level  =  i^''28.  One  turn  of  micrometer  =  45^^*028,  derived  from  the  latitude  observations 
at  this  station. 


Pairs  of  stars. 

Adopted  seconds  of 
mean  N.  P.  D. 

ff 

// 

4  121 

4  141 

49 'SO 

55-53 

♦4  194 

4  212 

35-87 

20*66 

*4  194 

4  260 

35-87 

41*61 

4  276 

4  299 

46*10 

33-95 

4  329 

4  371 

54-78 

00-15 

4  392 

4468 

11*95 

47-52 

4566 

♦4  649 

36-18 

02-50 

4  575 

*4  649 

33-89 

02  50 

4  675 

4  701 

18-30 

01-05 

•4817 

4  846 

II  -72 

20-20 

*4  817 

4  849 

II  -72 

44-27 

4  933 

4  967 

33-95 

34-22 

4  991 

5  064 

34-20 

47-87 

5  115 

5  153 

00-84 

15-27 

5  234 

5  307 

56-03 

43-14 

5  348 

5  426 

2860 

07-31 

5  490 

5  601 

37-18 

07-58 

n* 


5 
6 

5 
6 

5 

5 

5 
6 

4 

5 
6 

6 

4 
6 

6 

5 
6 


3 

2 

2 

3 
3 

3 

2 

2 
2 
2 
2 

3 

2 

3 
3 
3 
3 


Latitude. 


o       / 

3859 


// 
4673 
47-21 

47  *20 
45-62 
46*28 
45-60 
46*03 

44-99 

45-55 
46*30 

46*61 

46*07 

46-40 
44-91 

47-13 
45-73 
45-58 


V 

ff 

—0*65 

-I -13 

—  I  *I2 

-f-o*46 
—0*20 
+0*48 
+0*05 
-t-109 
+0*53 

— 0*22 

-053 
-fO'OI 

—0*32 
+1*17 
—1*05 

+0*35 
4-0-50 


Indiscriminate  mean  =  38°  59'  46'^*  11. 
Weighted  mean  =38  59  46    -08  ±0^^*12. 

^  =  ±  l'''*22. 

91  observations,  17  pairs. 
[Reduction  from  astronomic  to  geodetic  station  —  q^'' 


10.] 


(8)  Latitude  at  Marriott,  Maryland,    T.  J.  Lee.     2^nith  telescope  M.  A.    June  16-25, 1846. 
division  of  level  =  i''*28.     One  turn  of  micrometer  =  45^^*168. 


Pairs  of  stars. 


Adopted  seconds  of 
mean  N;  P.  D. 


«/ 


w 


Latitude. 


V 


4  933 

5  097 
5  223 
5  512 

5  769 
t6o79 

6  142 


4967 
5  146 
5  249 

5  620 

5893 

6  no 

6243 


ff 

ff 

0 

/ 

ff 

ff 

19-99 

20*07 

3 

0-9 

38 

52 

24*26 

-fo-47 

33-76 

40*40 

6 

I  *o 

25*11 

-0-38 

25-98 

22*94 

5 

I  -o 

23-95 

+0-78 

09  46 

57-67 

7 

I  'O 

23*96 

-fo*77 

28*80 

15-98 

4 

I  -0 

25  72 

-0*99 

05-88 

42*80 

6 

I'O 

25*57 

—0*84 

50-73 

01  *IO 

3 

0*9 

24-48 

+0-25 

Indiscriminate  mean  =  38®  52^  24^^*72. 
Weighted  mean         =38   52    24  •73^=0'' '19. 

e  =  d20''*75. 
34  observations,  7  pairs. 


One 


t  Observations  upon  pairs  5  972  and  6  035  gave  a  defective  result  and  were  rejected. 
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UNITED  STATES   COAST   AND   GEODETIC  SURVEY, 


I.  EASTERN  SHORE  SERIES — Continued. 

LatittuU  at  Marriott ^  Maryland,    A.  D.  Bache  and  J.  Hewston.     Zenith  telescope  No.  i.     May  19- 
June  17,  1849.     One  division  of  level  =  \"'$\^,     One  turn  of  micrometer  =  45^^*665. 


Pairs  of  stars. 

Adopted  seconds  of 
mean  N.  P.  D. 

// 

/f 

3  931 

3 

964 

51*00 

31*18 

3  981 

4 

147 

00 '66 

46*71 

4  ^94 

4 

212 

1577 

58*65 

4  276 

4  299 

26-14 

14*81 

4  303 

4  390 

32  63 

48*86 

4  453 

4  519 

23*55 

54*78 

4  566 

4  649 

II  77 

38*48 

4684 

4 

706 

01  -oo 

26*40 

4  741 

4 

808 

59  09 

48*24 

4  937 

4 

969 

07 '33 

39  00 

5  061 

5  092 

59*57 

18*47 

^5  "5 

5 

120 

26*29 

42-28 

^5  115 

5 

126 

26*29 

25*74 

5  181 

5 

192 

54*58 

21  "34 

5  249 

5 

293 

56*41 

5874 

5  367 

5  459 

48*60 

38*66 

5  484 

5  497 

41-69 

46*25 

5  549 

5 

602 

17*13 

19*22 

5  747 

5 

775 

35*21 

48*25 

5  821 

5 

840 

01  *02 

10 'OO 

5  871 

5 

986 

31*05 

50  25 

6  056 

6 

084 

45*68 

56  20 

6  106 

6 

184 

56  22 

58*04 

6  238 

6 

255 

53*29 

08 -77 

6  395 

6 

453 

43  "OO 

33*58 

6583 

6 

589 

47*12 

22  00 

6  623 

6 

657 

30*00 

23*18 

6  709 

6 

712 

09*41 

08*06 

6  721 

6 

740 

45*14 

29 '39 

6  794 

6  818 

57*25 

36*76 

6839 

6 

932 

40*12 

30*25 

6855 

6 

970 

33*75 

39*63 

7  "7 

7 

153 

16 '54 

10 '21 

7  243 

7 

256 

36  10 

50*40 

n* 


I 

5 
4 

2 

3 

4 

4 

5 

5 

4 

4 
I 

I 

5 

5 

5 

5 
6 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
3 
3 
3 
3 
3 


w 

3 

9 
8 

5 

I 

8 
8 

9 

9 

8 

8 

2 
2 

9 

9 

9 

9 
10 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

•7 
7 
7 
7 
7 


Latitude. 


o        / 

3852 


// 

24*93 
24*82 

25*50 
26*12 

25 '74 
24*20 

25  95 
24*65 
25  05 

24*73 

24*95 
23*82 

25*92 
25  28 

24*30 

24*67 
25*62 

25*00 

25  -20 

24*83 

25*09 

24*73 
25  80 

25*52 
24*57 
25*07 
26*21 

25*37 

24*51 

25*33 
25-62 

25  10 

25  53 
24*58 


V 

// 
+019 

+0*30 

-0*38 

—  I  'OO 

—0-62 
-ho  92 

-0*83 
+0*47 

-ho  07 
-fo*39 
+0*17 

-fi*3o 
— o*8o 
— o*i6 
-{-0*82 
+o*45 
—0*50 
4-0*12 
-0*08 
-ho*29 

-1-0*03 
+0^39 

-0-68 
—0*40 

+0-55 
+0*05 

—I  '09 

—0*25 

-f-o*6i 

—0*21 

—0*50 

-fO*02 
—0*41 

-|-o*54 


Indiscriminate  mean  =  38°  52'  25^^*13. 
Weighted  mean  =38    52   25    •12  dzo''''o6. 

^==bo^''*54. 
128  observations,  34  pairs. 

[Reduction  to  geodetic  station  —  0^^*27.  ] 
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I.    EASTERN  SHORE  SERIES — completed. 


(9)  Latitude  at  IVebb,  Maryland.    G 

1850.     Levels  No.  2 
Stan  north  of  zenith. 


.  W.  Dean.     Zenith  sector  No.  i.     October  21  to  Noveml>er  14, 
One  division  of  levels  =  i'''2i  (mean). 

stars  south  of  zenith. 


Adopted 

Adopted 

SUr. 

seconds 
of  mean 

n' 

Latitude. 

V 

star. 

seconds 
of  mean 

n' 

lyatitude. 

V 

N.  P.  D. 

• 

N.  P.  D. 

// 

0      /        // 

ff 

// 

0      /         // 

// 

7  022 

15*50 

1 

39  05  25  -50 

-|-0*02 

6 

849 

32-82 

7 

39  05  24  '75 

+0-15 

7  171 

12-58 

9 

25-67 

-0-I5 

6 

915 

18-00 

7 

24*37 

^0-53 

7  544 

18-65 

6 

24*70 

-ho  82 

6 

967 

01  *I5 

6 

25*58 

-0-68 

7  598 

58-50 

6 

25*34 

-}-o-iS 

7 

084 

01  -23 

7 

24*10 

4-0-80 

7  679 

28-63 

6 

25-92 

—0*40 

7 

313 

48*80 

6 

25*19 

—0*29 

7  681 

18-48 

6 

25-89 

-0-37 

7 

336 

07-50 

7 

24-82 

-^008 

7  746 

58-45 

6 

25 -66 

—0-14 

7 

368 

09-15 

6 

24-60 

-0-30 

7  800 

02 -80 

6 

24*93 

+0-59 

7 

398 

55-10 

6 

24-46 

40-44 

7  815 

16  33 

6 

25-76 

—0-24 

7  462 

58-66 

6 

25-24 

-0-34 

7  850 

39  02 

6 

24-72 

-ho -80 

7 

607 

20-13 

6 

24*56 

-ho  34 

7  855 

14-40 

6 

25  94 

—0*42 

7 

765 

39*89 

6 

24*39 

-ho  -51 

7  906 

19 -86 

6 

25-23 

-ho -29 

8 

097 

06-20 

6 

25*94 

—  I  -04 

7  9^5 

24-05 

6 

25-60 

—0-08 

8 

159 

18-40 

6 

24-12 

-i-o  78 

7  962 

22-45 

6 

26  33 

—0*81 

8 

284 

31-35 

6 

24*84 

-fo-06 

7  972 

01-59 

6 

25-08 

+0-44 

4 

16 -lo 

8 

24-71 

40-19 

8023 

44-38 

6 

25-85 

033 

52 

04*80 

6 

25*16 

—0-26 

8  028 

52  56 

6 

25-21 

4-0-31 

155 

25-50 

6 

24*53 

4-0-37 

8  082 

44-50 

6 

25-95 

0-43 

259 

55*20 

6 

25*36 

—0-46 

8  171 

47-21 

6 

25-96 

0-44 

395 

32*00 

6 

25*43 

0-53 

8  212 

24-40 

6 

25  92 

-0*40 

465 

00-95 

6 

26  07 

1-17 

8  224 

14-83 

6 

25-77 

—0-25 

624 

28-40 

6 

25*02 

-0'12 

8  261 

44-10 

6 

25-48 

-ho -04 

691 

27-60 

5 

24*87 

-ho -03 

8  345 

05-11 

5 

25-19 

-1-0 -33 

861 

44-80 

6 

25*58 

-0-68 

100 

07-90 

6 

25*59 

-0*07 

871 

08-50 

6 

26*03 

-I -13 

152 

21  -90 

6 

25-39 

-ho -13 

912 

29-20 

6 

25*31 

—0-41 

227 

20-00 

6 

25-83 

~o  -31 

941 

04  90 

6 

24-22 

-ho -68 

283 

44-50 

6 

25-63 

-o-ii 

981 

44-45 

6 

24-16 

40-74 

318 

30-72 

6 

24*97 

+0*55 

017 

49-08 

5 

24  70 

\  0  20 

441 

07-00 

6 

25-46 

-ho -06 

123 

31-84 

6 

25-36 

—0-46 

502 

05  00 

6 

25*69 

—0-17 

138 

29-00 

6 

24  58 

4-0-32 

522 

09*20 

6 

25 -66 

—0-14 

207 

59*00 

6 

24  35 

-ro'55 

555 

32-03 

6 

25*70 

— o-i8 

476 

55*26 

6 

25  69 

-0-79 

566 

46-50 

6 

25-03 

+0-49 

530 

32*25 

6 

24*88 

4-0  02 

628 

34-00 

6 

26*06 

-0-54 

681 

29-30 

7 

23-55 

4-1-35 

676 

30-00 

6 

24*83 

fo*69 

• 

727 

14-86 

6 

25*57 

-0  -05 

2C 

)9  observations, 

34  stars. 

967 

54-50 

6 

25*85 

-0-33 

Met 

in  =  39°  05'  24 

''•9o  =  <P,. 

I  043 

39-10 

8 

25 -28 

-ho -24 

±0*07 

I  071 

38-85 

5 

25-48 

-ho -04 

I  099 

41  -oo 

6 

25-13 

4-0*39 

T    210 

29-45 

6 

25-12 

+0-40 

I    266 

37*12 

6 

25-36 

4-0*16 

2  323 

55-50 

6 

25-82 

—0*30 

I    414 

56*29 

6 

25*96 

-0  *44 

I   613 

39-67 

7 

25  20 

-ho -32 

275  observations,  45  stars. 
Mean  =  39°  05^  25'^-52  =  <p„ . 


rt  0-04 
Adopted  latitude  =  V2  (<p   4-  <pj  =  39°  05^  25^^-21  d=  o'-'*04. 

[Reduction  to  geodetic  .station  -h  o'''*25.] 
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UNITED   STATES   COAST   AND   GEODETIC   SURVEY. 


2.    ALLEGHENY  SERIES. 


( 10)  Latitude  at  Hill,  Maryland.    G.  W. 
i3»  1850.     Levels  No.  2.     One  division  of  leve 

stars  north  of  zenith. 

star. 

Adopted 
seconds 
of  mean 
N.  P.  D. 

n' 

Latitude. 

V 

• 

// 

0      /          // 

// 

5  937 

08-50 

8 

38  53  53  '20 

-0-58 

5  990 

41-50 

5 

53-06 

-0-44 

6  091 

29  52 

7 

53*04 

—0-42 

6  218 

II  -30 

6 

5271 

—0-09 

6  268 

17-40 

5 

53-19 

-0-57 

6357 

40  90 

5 

52-37 

+0-25 

6  928 

34-00 

6 

51*85 

+0-77 

6983 

40-25 

6 

51*96 

+0-66 

7  022 

15*50 

5 

52-69 

—0-07 

7  171 

12-58 

6 

53-20 

-0-58 

7  313 

48-80 

6 

52-04 

fo-58 

7  544 

18-65 

6 

51*92 

-f  0  -70 

7  598 

58  50 

4 

52  51 

4-0 -11 

7  679 

28-63 

5 

52-64 

—0-02 

7  681 

18-48 

6 

52-83 

—0-21 

7  765 

39  89 

5 

51*31 

+1-31 

7  800 

02  -80 

5 

52-30 

-TO -32 

7  815 

16-33 

5 

53-46 

-0-84 

7  850 

39-02 

5 

52   10 

fo-52 

7  855 

14-40 

5 

53-61 

-   0-99 

7  906 

19 -86 

5 

52  05 

+0-57 

7  915 

24  05 

5 

52 -49 

-fo-i3 

7  962 

22*45 

5 

53-20 

-0-58 

7  972 

01  59 

5 

52-31 

-ho -31 

8  023 

44-38 

5 

53*31 

—0*69 

8  028 

52  56 

5 

52-19 

+0  -43 

8  082 

44*50 

5 

53*52 

—0-90 

8  171 

47*21 

5 

52  99 

0-37 

8  212 

24-40 

5 

52-84 

-0  -22 

8  224 

14-83 

5 

52-43 

-i-o-i9 

8  261 

44  10 

5 

52-21 

-1-0 -41 

8345 

05-11 

5 

52-26 

-fO-36 

Zenith  sector  No.  \.     August  23  to  September 
'20  (mean). 


Stars  south  of  zenith. 


Star. 

Adopted 

seconds 

of  mean 

N.  P.  D. 

H' 

Latitude. 

V 

// 

0     /         // 

ft 

5986 

52-50 

3 

38  53  51 -72 

-ho -27 

6  084 

58-00 

5 

51-24 

-ho*75 

6  147 

21    98 

5 

52*40 

—0*41 

6  150 

16-44 

6 

52*42 

043 

6  238 

51-90 

6 

52  00 

— o-oi 

6  355 

II  -20 

8 

51*97 

-ro*o2 

6  429 

30-00 

8 

51-54 

-fo-45 

6  497 

40-28 

6 

51*85 

-ho -14 

6556 

55-45 

5 

51-99 

O'OO 

6  571 

48-35 

6 

52-13 

—0*14 

6  599 

50-20 

5 

52*11 

— 0'12 

6657 

15-94 

6 

52*34 

035 

6  667 

47-90 

6 

52*44 

045 

6  740 

21  -40 

6 

51-20 

-ho '79 

6  784 

05-73 

6 

52*40 

—0  -41 

6  849 

32-82 

4 

52-52 

-053 

6851 

45-00 

6 

51*52 

-ho  47 

6  915 

18-00 

5 

51*78 

-ho '2 1 

6967 

01  -15 

5 

52  82 

-083 

7  061 

59-20 

6 

32*14 

—0*15 

7084 

01    23 

5 

51*64 

-ho -35 

7  152 

X8-45 

6 

51*43 

+0*56 

7  336 

07*50 

6 

51*57 

-fo*42 

7368 

09*15 

7 

51-99 

O'OO 

7398 

55-10 

5 

52-04 

—0-05 

7  462 

58-66 

5 

52-59 

—0*60 

7  607 

20  13 

6 

51*20 

+0*79 

8097 

06*20 

5 

53*06 

-1*07 

8  159 

18-40 

5 

51*27 

-ho -72 

8  284 

31*35 

5 

52*38 

-o*39 

171  observations,  32  stars.  168  observations,  30  stars. 

Mean  =  38®  53'  52^^  62  =  <p,.  Mean  =  38®  53'  5i''''*99  =  ^»- 

it  o  -07  -   di  o  '06 

Adopted  latitude  =  >^  (<?>„  -h  ^J  =38°  53'  52^-^ '31  =ho^''05. 
[Reduction  to  geodetic  station -f  0^^*53.] 
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2.    ALLEGHENY 

SERIES — continued. 

(11)  Latitude  ai 

f  SopeTy  Maryland, 

G.  W.  Dean.     Zenith  sector  No.  i. 

June  29  to  July 

25, 1850. 

ivels  No 

.  2.     One  division  of  levels  = 

s  i'^-2i  (mean). 

stars  north  of  zenith. 

stars  south  of  zenith. 

SUr. 

Adopted 
seconds 
of  mean 
N.  P.  D. 

«' 

Latitude. 

V 

Adopted 

Star.          ^"-^l^l 
01  mean 

N.  P.  D. 

It' 

Latitude. 

V 

// 

0     /        // 

// 

// 

0      /        // 

// 

4  607 

"■45 

5 

39  05   12 -18 

-0-97 

4  808 

04-00 

5 

39  05  09  -59 

-to -57 

4  741 

1570 

3 

"•93 

—0-72 

4876 

26-50 

6 

09 -86 

+0-30 

4  937 

21  71 

3 

9  36 

+  1*85 

4  969 

53*15 

3 

08-93 

+1*23 

5  092 

31 '31 

4 

11*36 

-0-15 

5  061 

12  -92 

4 

09-91 

4-0*25 

5  181 

07*50 

3 

12-40 

-I -19 

5  143 

38-60 

4 

10-46 

—0-30 

5  497 

54-63 

4 

11-48 

—0-27 

5  192 

32-40 

4 

09-88 

+0-28 

5  549 

24 -66 

3 

12 -18 

-0*97 

5  484 

49-42 

3 

08 -86 

+1-30 

5  775 

52-64 

6 

II  -67 

—0-46 

5  602 

26-80 

5 

09*97 

+0-19 

5  871 

34-80 

3 

10-34 

+0-87 

5  747 

41  -10 

4 

11-50 

~i*34 

5  937 

08-50 

3 

11*35 

—0-14 

5  834 

08-50 

3 

09*63 

+o*53 

5  990 

41*50 

3 

10-21 

-fi  -00 

5  886 

45*14 

4 

11-48 

—1*32 

6  056 

47-20 

4 

12 -oi 

—0-80 

5986 

52*50 

3 

10-67 

—0-51 

6  091 

29*52 

5 

12 -18 

-o*97 

6084  ■ 

58-00 

3 

08-94 

-f  I  *22 

6  255 

07-20 

4 

10-80 

+0-41 

6  238 

52*37 

•  3 

11-82 

-1-66 

6  623 

23*25 

4 

11*83 

—0-62 

6355 

II  -20 

6 

10*30 

—0-14 

6  721 

36*61 

3 

10-13 

-fi-o8 

6  429 

30*00 

6 

10-71 

--0-55 

6  928 

34  00 

3 

10-87 

+o'34 

6  497 

40-28 

4 

09*90 

+026 

6983 

40*25 

5 

II  -29 

—0-08 

6  571 

48*35 

4 

II  -48 

—1-32 

7  076 

40-37 

4 

10-98 

-fo-23 

6657 

15*94 

3 

10  52 

—0-36 

7  153 

57*78 

3 

11*57 

—0-36 

6673 

07*44 

5 

09*74 

+0-42 

7  171 

12-58 

3 

11*37 

— o-i6 

6  740 

21  '40 

3 

10-32 

—0-16 

7  243 

22-61 

4 

9-14 

+2-07 

6  784 

05*73 

5 

09  91 

-fo-25 

82  observations,  22  stars. 

6  851 

45*00 

4 

09  23 

+0*93 

Mean  =  39 

®  o« 

•/  1 1^^-21  —  ^„. 

7  "7 

04*36 

3 

10-72 

—0-56 

±0    -14. 

7  204 

20-70 

3 

09*90 

+0-26 

7  256 

37-00 

3 

10-02 

+0-14 

7  336 

07*50 

4 

09*43 

+0-73 

7368 

09*15 

5 

10 -88 

—0-72 

• 

112  observation.s,  28  stars. 

Mean  =  39° 

05^ 

10^^-16  =  ^,. 

d 

=  0   -II. 

Adopted  latitude  =  J  (^^  -f  ^J 
[Reduction  to  geodetic 


=  39°  05^  10^-^-69  ±  o^''*09. 
station  —  o^'-io.] 
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UNITED  STATES  COAST  AND  GEODETIC  SURVEY. 


2.  AtifEGHENY  SERIES — continued. 

(12)  Latitude  at  Seaton^  District  of  Columbia,    L.  F.  Pomtales.     Zenith  telescope  No.  5. 
24-29,  1850.     One  division  of  level  =  V''2^,     One  turn  of  micrometer  =  ^V'^^. 


June 


• 

Pairs  of  stars. 

Adopted  seconds  of 
mean  N.  P.  D. 

// 

// 

4  937 

4  969 

21  71 

52  -73 

5  061 

5  092 

12*14 

30-78 

5  115 

5  120 

38-53 

5273 

5  181 

5  192 

06-47 

34-60 

5  249 

5  293 

08  36 

07*43 

5  367 

5  459 

5970 

47*76 

5  549 

5  602 

24*52 

2636 

5  747 

5  775 

40-60 

52-64 

5  821 

5  840 

05  00 

14-33 

5  871 

5986 

34-80 

52-50 

6  056 

6  084 

47-22 

58-72 

6  106 

6  184 

56-59 

57*38 

6  238 

6  255 

51 '90 

07-20 

6395 

6  453 

39  50 

29  30 

6  623 

6657     . 

23  50 

15*94 

6  794 

6  818 

51*85 

27*83 

n* 


I 
I 
I 

2 
2 
I 

I 
I 
I 

2 
2 
I 

2 
2 
2 
2 


a/ 

2 
2 
2 

4 
4 

2 

2 
2 
2 

4 

4 
2 

4 
4 
4 


Indiscriminate  mean  =  38**  53'  25"^ 
Weighted  mean  =  38    53   25 

e  —  ±s/''t^. 

24  observations,  16  pairs. 

[Reduction  to  geodetic  station  &''oq. 


Latitude. 

o  /  // 

38  53  23  *99 
24*05 
25*39 

25  98 
23*97 

26  -21 

25*45 
25-86 

24-94 
25-05 
26-60 

25-11 

26  -37 
24-88 
24  98 

24  09 
•18. 

-20d=0-''l5. 


] 


V 

ff 

-f  I  -21 

-f-i-15 
—0-19 

—0-78 

+  1-23 

—  I  -oi 

—0-25 

-0-66 

-I-0-26 

4-0-15 
—I  -40 

+009 

-I -17 
+0-32 

-|-0'22 
-f-I  -11 
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2.   ALLEGHENY  SERIES — continued. 

(13)  Latitude  at  Washington,  District  of  Columbia  (Coast  and  Geodetic  Survey  OflBce).  E.  G. 
Fischer.  Meridian  telescope  No.  9.  July  30  to  September  i,  1891.  One  division  of  level  =  i'^ '509, 
determine^  at  this  station,  July,  1891.  One  turn  of  micrometer  =  loo^'^ '686  from  the  latitude 
observations  at  this  station. 


Pairs  of  stars. 

Adopted  seconds  of 
mean  N.  P.  D. 

n' 

'     uf 

Latitude. 

V 

n 

// 

0     /       // 

ft 

5  575jf 

5  597 

23-66 

50*59 

6 

14 

38  53  07  -28 

+0*23 

5  619 

(2  617) 

36-12 

56*97 

6 

14 

08-35 

—0-84 

5  740 

5  765 

55*34 

32*81 

6 

14 

07  98 

-0-47 

(2685) 

5834 

10 -60 

04*36 

6 

14 

07*14 

-fo-37 

5  874 

5886^ 

06-32 

II  -64 

6 

14 

07*90 

-0*39 

5  918 

(2  761) 

2479 

20  59 

6 

14 

07-81 

—0-30 

(2  793) 

6033 

45-20 

26-06 

6 

14 

07*43 

-1-0-08 

6  073 

6  091 

56*47 

53*58 

7 

15 

07 -86 

0*35 

6  109 

(2  874) 

37  14 

43*84 

5 

14 

07*01 

+0*50 

(2883) 

(2898) 

3478 

51*86 

I 

8 

06-92 

-fo-59 

(2  888) 

(2898) 

19-76 

51*86 

A, 

13 

07  36 

+015 

6238 

6  255 

53*51 

00-72 

7 

15 

07*73 

— 0'22 

6  297 

(2  976) 

13*50 

49  29 

5 

14 

06 -75 

-fO-76 

6  404 

6466 

31*69 

22*66 

5 

14 

07  40 

-fo-ii 

6  574 

6583 

44*30 

35*17 

6 

H 

07-72 

—0-21 

6615 

6  662 

34*86 

43*42 

6 

14 

07-77 

—0-26 

6690 

(3  190) 

08  51 

36*80 

5 

14 

07-41 

-}-o-io 

6  771 

6  817 

31*30 

39*17 

5 

14 

07-60 

—0-09 

6  876 

(3  321) 

3059 

24*39 

4 

13 

07-48 

-fO-03 

(3  338) 

6  976 

55*45 

56*49 

5 

14 

07  05 

+0-46 

Note. — Station  in  yard 
office  building. 


Indiscriminate  mean  =  38**  53'  07''' -50. 
Weighted  mean  =38    53  07  -51  d=o'''-o6. 

tf  =  d=  0^^-27. 
107  observations,  20  pairs, 
south  of  main  building;  it  is  1^-34  south  and  i^'^-i4  west  of  the  flagstaff  on 
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2.    ALLEGHENY  SERIES — COntiuued. 

Latitude  at  Washington,  District  of  Columbia  (Coast  and  Geodetic  Survey  Office).  E.  G.  Fischer. 
Meridian  telescope  No.  9.  July  25  to  August  12,  1892.  One  division  of  level  =  i'''483,  determined 
at  office  July,  1892.     One  turn  of  micrometer  =  100^^*655  from  latitude  observations  at  this  station. 


Pairs  of  stars. 

• 

Adopted 
mean 

seconds  of 
N.  P.  D. 

n' 

w 

Latitude. 

V 

// 

// 

0      /      // 

ff 

5  574 

5  597 

58-22 

57  74 

4 

16 

38  53  07  *77 

—0-31 

5  619 

(2  617) 

42-93 

03  70 

5 

17 

07*59 

—0-13 

5  740 

5  765 

00-87 

37*99 

6 

18 

• 

07*73 

—0-27 

(2685) 

5  834 

15  "27 

08  60 

6 

18 

07  -02 

-f.o-44 

5  874 

5  886j, 

10 -06 

15*12 

6 

18 

07*45 

-j-o-oi 

5  918 

(2  761) 

27-86 

53*42 

7 

18 

07  -92 

—0*46 

(2  793) 

6  033 

47 -08 

27-48 

7 

18 

07*05 

-fo-41 

6073 

6  091 

57  26 

54*13 

7 

18 

08-06 

— o*6o 

6  109 

(2  874) 

37*47 

43*71 

5 

17 

07  -21 

+0-25 

(2  888) 

(2898) 

19-21 

51  '12 

5 

16 

07*38 

+008 

6  238 

6  255 

52  00 

59*05 

6 

18 

07*51 

— 005 

6  297 

(2  976) 

II  -52 

46-71 

6 

18 

07*36 

-}-o*io 

6  404 

6  466 

27-99 

18-26 

6 

18 

06-58 

+0-85 

6  574 

6583 

38-46 

29  13 

6 

18 

07 -66 

— 0*20 

6615 

6  662 

28-44 

36*52 

6 

18 

07*78 

— 032 

6  690 

(3  190) 

01  -ig 

29  23 

6 

18 

07*14 

+0*32 

6  771 

6  817 

22  -76 

30-18 

4 

16 

07*73 

—0-27 

6  876 

(3  321) 

20*90 

14*34 

4 

16 

07  56 

— o-io 

(3  338) 

6  976 

44-99 

45*58 

5 

17 

07-26 

+0-20 

Note— Station 
on  office  building. 


Indiscriminate  mean  =  38®  53'  07^^  "46. 
Weighted  mean  =  38°  53^  07'-' -46  zfc  o^'-o6. 

e  =±0^^-28. 
107  observations,  19  pairs, 
in  yard  south  of  main  building;  it  is  1^^-34  south  and  1^^-14  west  of  the  flagsta£f 
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2.  ALLBGHBNY  SERIES — continued. 
Latitude  at  JVashingtoft,  District  of  Columbia  (Coast  and  Geodetic  Survey  Office).    E.  G.  Fischer. 
Zenith  telescope  No.  4.    August  1-22, 1894.    One  division  of  level  =  \  !//.5f  Z  f  Unver  ^  1  •  ^^^^rmined  at 
office  May,  1891.     One  turn  of  micrometer  =  44° '655  from  the  latitude  observations  at  this  station. 


Pairs  of  stars. 

Adopted 
mean 

seconds  of 
N.  P.  D. 

// 

ff 

5  574 

5  597 

12*92 

12  *02 

5  619 

(2 

617) 

56-54 

17  *i6 

5  740 

5 

765 

11-93 

48-34 

(2685) 

5 

834 

24 '61 

17*07 

5  874 

5 

886j, 

17-52 

22 -06 

5  918 

(2 

761) 

34 -oi 

59-07 

(2  793) 

6 

033 

5083 

30-29 

6  073 

6 

091 

58-82 

55-22 

6  109 

(2 

874) 

38-13 

43-45 

(2  888) 

(2 

898) 

18 -lo 

49*64 

6  238 

6 

255 

48-97 

55-68 

6  297 

(2 

976) 

07-58 

41-54 

6  404 

6 

466 

20 -60 

09-43 

6  574 

6 

583 

2677 

17*04 

6615 

6  662 

15*59 

22  '72 

6  690 

(3  190) 

46-42 

14*06 

6  771 

6  817 

05-67 

12  *I9 

6  876 

(3 

321) 

01*52 

54-22 

(3  338) 

6 

976 

24  05 

23-74 

7 

7 
8 

8 

8 

6 

8 

7 
7 
4 
6 

6 

5 
5 
4 
5 
5 
5 
4 


w  Latitude. 

o         /  // 

30  38  53  07  -43 

26  07  *62 

41  07  '35 

41  06  *93 

25  07  '53 

25  07  -76 

39  07  -15 

41  07*31 

30  07  *I4 

17  06 '97 

29  07*04 

39  07  -48 

33  07  -41 

33  07  19 

36  07  -59 

38  06  97 

28  07  -41 

20  07*48 

24  07  '33 


V 


// 


— 0*12 
— 0-31 
—0*04 
+0*38 
— O  '22 

-0-45 
-f-o*i6 

0*00 

H-o*i7 

+0*34 

-fO'27 

—0*17 

— O'lO 
-ho '12 
—0-28 

4-0-34 
— O'lO 

— 0*17 

— 0'02 


Note— Station 
on  office  building. 


Indiscriminate  mean  =  38®  53'  07'' "32. 
Weighted  mean  =  38**  53'  07-^' "31  it  o''*04. 

^=drO^^*l6. 

115  observations,  19  pairs, 
in  yard  south  of  main  building;  it  is  1^^*34  south  and  1^^*14  west  of  the  flagstaff 


Station  No,  14.    Naval  Observataryt  old  site,  Washington,  District  of  Columbia.    Results  referred 


to  center  of  dome  of  central  building. 


// 


// 


1861  to  i864«  S.  Newcomb* 
1883*  A.  Hall 
i866-i888<'  J.  R.  Eastman 
1893''  S.  J.  Brown 
Adopted  value 


38 

53  38  -78  ^  0 

*IO 

38  94  dr  0  -06 

38-7o-»-o 

•05 

38  -80  -^-  0 

-05 

38  -79  ±  0 

03 

*«  Observations  with  Mural  Circle.    Appendix  to  Washington  Astronomical  Observations  of  1864. 
*  Observations  with  Zenith  Telescope.    Astronomische  Nachrichten  No.  2625. 

'  Observations  with  Transit  Circle.    Letter  of  Prof.  W.  Harkness,  astronomical  director  of  (new)  Observatory,  dated 
June  II,  1898. 

d  Observations  with  Zenith  Telescope.    Astronomische  Nachrichten,  vol.  133,  pp.  303-304. 

18732 — No.  4 41 
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2.   ALLEGHENY  SERIES — Continued. 

Station  No.  75.     United  States  Naval  Observatory y  new  site^  Georgetown  Heights,  Washington 
District  of  Columbia.     Results  referred  to  center  of  clock  room. 

1893-94-95-96*  \V.  Harkness  and  G.  A.  Hill  38  55  i3  70zto'io 

1897*  O.  B.  French  13  -93  ±:  o  "06 

Same  corrected  for  motion  of  pole  13  77  ±:  o  "06 

Adopted  value  13  75  ±  o  -06 

Differential  measures  between  the  observatories,  old  and  new  sites,  in  1893,  May,  by  J.  R.  East- 
man and  A.  N.  Skinner,  as  given  in  "Astronomy  and  Astro-Physics,  Vol.  XII,  1893,  pp.  699-701,"  do 
not  agree  sufficiently  well  with  the  above  absolute  values  and  need  further  explanation. 

(15)  Latitude  of  Washington^  District  of  Columbia  (New  Naval  Observatory).  O.  B.  French. 
Zenith  telescope  No.  4.  June  12-22,  1897.  One  division  of  level  =  i^'*6oo  upper  level,  i^''364  lower 
level.     One  turn  of  micrometer  =  44^^  "630  from  observations  on  circumpolars  at  this  station. 


Pairs  of  stars. 

Adopted 
mean 

seconds  of 

N.  P.  D. 

ff 

// 

(2  058) 

4  440 

59*17 

15*28 

*4  5i3 

*4  550 

54*26 

II  -06 

*4  513 

*4  555 

54*26 

55  04 

♦4  526 

*4  550 

05  92 

II  -06 

*4  526 

*4  555 

05  92 

55*04 

4  577 

*(2  158) 

27  25 

32*50 

*(2  158) 

4  646 

32*50 

04*77 

(2  195) 

4  688 

57*37 

00  39 

4  706 

4  726 

13*82 

42*51 

4  742 

(2  233) 

28  05 

42-81 

(2  254) 

4  847 

13*96 

24  50 

4876 

4  937 

2974 

01  -19 

4  958 

(2  341) 

11-66 

52  04 

(2  350) 

5  026 

33*95 

58*42 

(2  361) 

(2  365) 

17*76 

10  49 

5  076 

5  084 

03*63 

42*34 

5  "5 

5  153 

28-21 

23*73 

5  168 

5  178^. 

41  -oi 

47*09 

5  249 

5  293 

55*91 

26-35 

5  313 

5  322 

33  03 

34*68 

5  344 

(2  537) 

06  70 

41  -61 

2 

2 
2 

6 
6 
6 
6 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 


w 

II 

5 

5 

4 

4 
8 

8 

12 

12 

12 

12 

12 

12 

9 

5 

12 

12 
12 
12 
12 
12 


Latitude. 


o       / 

38  55 


// 
09-80 

08 -oo 

08*12 

08  97 

09-10 

08-83 

0872 

09-11 

08  25 

08-50 

08-93 
08*92 

08  83 

09*15 

09*35 
08-64 
08-87 
08  62 
08-50 
09*22 

08-44 


// 

•99 
-fo*8i 

+0*69 

—0-16 

— o  -29 

— 0*02 
+0*09 
—0*29 

4-0-56 
4-0  -31 
--0*12 
— O'll 
—0*02 
-0*34 

-0-54 
4-0*17 

—0*06 

40*19 

+0  *3i 
—0*41 

4-0*37 


Indiscriminate  mean  =  38°  55'  08^^*80. 
Weighted  mean  =38    55    08    '81  ±  c/^'aS. 

e=  ±:  c/'"20. 

100  observations,  21  pairs. 

[Reduction  to  clock  room  -  5^^-12.] 


«  Observations  with  Prime  Vertical  Ti-ansit  and  Zenith  Telescope.    Astronomical  Journal  No,  404,  June,  1897. 

In  a  letter  from  the  astronomical  director  of  the  Observatory',  Prof.  W.  Harkness,  dated  March  6,  1899,  the  result  of 
the  series  when  extended  to  iv^;  6  is  stated  to  !«  3S0  55'  i3"-966.  with  the  explanatory  remark  that  the  great  part  of  this 
'apparent  increase  is  on  account  of  a  change  from  Professor  Boss's  system  of  declinatiou  of  stars  to  Professor  Newcomb^s 
system  as  adopted  in  his  new  catalogue  of  fundamental  stars;  the  diflFerence  arising  from  this  source  being  +  o"'305. 
[X.  H.--Thc  new  catalogue  referred  to  has  not  yet  tK*en  distributed.] 

*•  Observations  with  Zenith  Telescope.     See  atwtract  of  results  next  page. 
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2.   ALLEGHENY  SERIES — continued. 

(16)  Latitude  at  Causten,  District  of  Columbia.     G.  W.  Dean.     Zenith  sector  No.    r. 

June  13,  1851.     Levels  No.  2.     One  division  of  levels  =  1^^*21  (mean). 


May  6  to 


SUr. 


3 

3 
3 
3 
3 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
5 
5 
5 


729 
812 
856 

952 
981 

057 
235 
258 
285 
346 

519 
596 
607 

701 
726 

741 
789 

812 

827 

843 
937 
9.58 

033 
210 

298 

5  338 
5  400 
463 
523 
552 

596 

617 

667 

775 
871 
911 

937 
990 
052 
091 
129 
218 

255 


5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 
6 

6 

6 

6 

6 


stars  north  of  zenith. 


Stars  south  of  zenith. 


Adopted 
seconds 
of  mean 
N.  P:  D. 

// 

05-11 

38-83 
52  '20 

55*25 
40-55 

39  73 
55-23 
17  10 

38-45 
33  20 

32  47 
43-80 
29  50 

10  "20 

42-52 
32-54 

31-51 
16-03 

31-84 
00-71 

37-25 
09-50 

16-39 
01-47 

52  01 

50 -45 
49-02 

46-30 

16-00 

10-63 

40  85 
29-65 

17-30 
57-82 

38-53 
45-86 

II  -15 

43-63 

54-09 

30-14 
25  90 

10-15 
05-55 


«' 


6 
6 
6 
6 
6 
6 

5 

4 

5 

5 
6 

5 
6 

4 
5 

4 

4 
6 

5 
6 

4 

5 

5 
6 

4 
6 

5 

5 

5 

5 

5 

5 

5 

5 
6 

5 

7 
6 

5 

7 

5 

5 
6 


Latitude. 


38    55 


// 


33 -20 
32-29 
32 '08 

32-55 

33-29 
32-60 

3278 

32*23 

32-58 
32  63 

32-85 
32-55 
32-41 
32-30 

32 '93 
32-50 

33*49 

32  -20 

32-29 

33-05 
32-53 
32-92 

33-11 
33-02 

32-11 

33-29 
32-88 

32-67 
33-07 

32-39 
33 -'6 
32-27 

33-41 

33-40 

33-08 

32-92 

33-31 
32-96 

33-44 
33-72 
33-07 

33  10 

32*59 


// 

-038 

-fo-53 
+0-74 
-fo-27 

-0-47 

+0-22 

+0-04 

+0-59 

+0-24 

+0-19 
—0-03 
-f-0-27 
+0-41 
-f-o  -52 

— O'll 

-f  o  -32 
—0-67 
-fo-62 

^053 
—0-23 

-I-0-29 

—  O'lO 

—0-29 

—0-20 

-1-0-7T 

o  -47 

—0-06 

ro-i5 

-0  -25 

+0  -43 

-o  -34 
+0-55 

-0-59 
-0-58 

-0*26 
— o-io 
-0-49 
--0-14 

-0-62 
—0*90 

-025 
—0-28 
-f-o -23 


Adopted 

star. 

seconds 
of  mean 
N.  P.  D. 

// 

n 

4  010 

46*00 

5 

4  209 

59-83 

6 

4  311 

16 -60 

4 

4  384 

09*50 

5 

4  421 

55-42 

5 

4  876 

41-94 

6 

4^902 

52-12 

5 

4  969 

07-40 

5 

4  991 

30*20 

4 

5  036 

36-00 

5 

5  075 

17-48 

5 

5  084 

51-50 

5 

5  143 

51  'oo 

7 

5  302 

15-40 

5 

5  432 

39-86 

5 

5  479 

49-81 

5 

5  480 

49-32 

5 

5  604 

27-76 

5 

5  693 

55-13 

6 

5  731 

03-38 

5 

5  747 

46-15 

4 

5  922 

24-38 

4 

6  150 

16*22 

4 

6  178 

43-05 

6 

6  235 

58-77 

4 

6  355 

07-85 

7 

6  429 

26-01 

6 

Latitude. 


// 


// 


38    55 


31-04 

-ro-5o 

30 -86 

-fo-68 

32-46 

—0-92 

31-37 

1-0 -17 

31*62 

— 008 

31-37 

+0-I7 

31-66 

— 0-I2 

31*13 

4  0-41 

30-70 

4-0-84 

31-89 

0-35 

31  -06 

-fo-48 

32-15 

—0-61 

31-63 

—0-09 

31*02 

+0-52 

32-16 

-0  -62 

31-93 

-0-39 

30-94 

xo*6o 

31-92 

-0*38 

30-84 

-0*70 

31-50 

+0*04 

32-34 

—0*80 

31-09 

+o*45 

32-01 

-0-47 

31-39 

+015 

32-12 

-0-58 

31  -61 

—0-07 

31-64 

— O'lO 

138  observations,  27  stars. 
Mean  =  38®  55'  3i'^-54  =  0.- 

dio  -07 


228  observations,  43  stars. 
Mean  =  38°  55'  i^f^'^i  =  0^. 

ztO   -04 

Adopted  latitude  =  t^  (0„  -^  0j  =  38°  55^  32^^-18 
[Reduction  to  geodetic  station  -f-  o'''-34.] 


o''o6. 
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2.  ALLEGHENY  SERIES — continued. 

station  No,  //.  The  Georgetown  College  Observatory,  Washington,  District  of  Columbia.  The 
latitude  is  from  "Monthly  Notices  of  the  Royal  Astronomical  Society,  London,  1850;"  see  also 
''Gould's  Astronomical  Journal,  No.  9,  p.  69."     Director  J.  Gurley  gives  38®  54'  26'^ '07.     (Dome.) 

Station  No.  t8.  RockvilU,  Montgomery  County,  Maryland.  June,  1891,  to  July,  1892.  E. 
Smith,  observer.  Instrument,  Zenith  telescope  No.  4.  This  was  one  of  the  latitude  variation  stations; 
the  results  are  published  in  detail  in  the  Coast  and  Geodetic  Survey  Report  for  1892,  Part  2,  pp.  1-5 1. 
The  total  number  of  individual  results  for  latitude  at  this  station  is  i  789.  The  value  adopted  for  the 
latitude  is  39**  05'  ic/'''45i  as  given  in  Coast  and  Geodetic  Survey  Report  for  1893,  Part  2,  p.  507. 

[Reduction  to  geodetic  station  Smith  -I-  o'''*i8.] 

( 19)  Latitude  at  Sugar  Loaf,  Maryland,  F.  D.  Granger  and  J.  B.  Boutelle.  Zenith  telescope 
No.  5.  October  12-25,  1879.  One  division  of  level  =  o'' '878,  from  observations  at  this  station.  One 
turn  of  micrometer  =  4i^''379,  as  observed  at  this  station. 


Pairs  of  stars. 

mean  N. 

P.  D. 

n' 

w 

Latitude. 

Z' 

// 

ff 

0     /       // 

/f 

6897 

6  932 

22-38 

20-36 

5 

4 

39  15  49*32 

+039 

6  959 

6  973 

59*54 

21-68 

5 

4 

50-04 

0-33 

7  067 

7  091 

03-80 

14*78 

5 

4 

50-47 

—076 

7  171 

7  204 

05  14 

56  20 

5 

4 

48-64 

-hi -07 

[i  861] 

7  246 

01  -99 

18-92 

4 

4 

50-10 

039 

7  277 

7  336 

53 'oo 

41-40 

5 

4 

50-66 

0-95 

7  401 

7  410 

3771 

09-20 

5 

4 

49  77 

—0-06 

7  495 

7  520 

26-31 

30-21 

5 

4 

49-96 

—0-25 

7  542 

7  567 

48-50 

14-73 

5 

4 

49*55 

-fo-i6 

7  598 

7  607 

59  84 

18-43 

5 

4 

49*32 

+039 

7  627 

7  637 

37-17 

21  36 

5 

4 

5070 

-0-99 

7  705 

7  753 

26  55 

30-10 

5 

4 

48-30 

-f-i'4i 

7  798 

7  824 

42-70 

31*45 

5 

3 

48-61 

-hi  -lo 

7  880 

7  915 

30  32 

22-50 

6 

4 

49-00 

-ho  71 

[2065] 

7  975 

57  77 

01*54 

5 

4 

49  98 

-0-27 

(3843) 

8  076 

37-65 

18-97 

5 

4 

50  04 

-033 

8  118 

8  136 

12-41 

40-15 

5 

4 

51  20 

-1-49 

8  158 

8  203 

43*04 

07  -67 

5 

4 

50-55 

-0-84 

8  231 

8  256 

54*17 

30-87 

5 

4 

49  48 

-ho -23 

8316 

8  350 

19*36 

29-92 

5 

4 

48  85 

-ho -86 

28 

52 

57  56 

24  -31 

5 

4 

49-18 

+053 

100 

158 

29  43 

59*59 

5 

4 

49*88 

—0-17 

178 

201 

04-17 

30-46 

5 

4 

49-04 

+067 

219 

267 

31*85 

43*88 

5 

4 

49-68 

-ho  03 

305 

338 

18-41 

30-34 

5 

4 

50-13 

—0-42 

Indiscriminate  mean  ^1=  39®  15'  49^*70. 
Weighted  mean  =39    15   49  -71^=0^-10. 

125  observations,  25  pairs. 

[Reduction  to  geodetic  station  —  i'^-24.] 
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2.  ALLEGHENY  SERIES — cxjntinued. 

(20)  Latitude  at  Maryland  Heights^  Maryland.  F.  Blake.  Zenith  telescope  No.  5.  September 
19  to  October  24,  1870.  One  division  of  level  =  0^^*92,  i-'^'oo,  1^^*06.  Two  levels  broken  at  station. 
One  turn  of  micrometer  =  41^^*40  as  determined  at  the  station. 


Pairs  of  stars. 


Adopted  seconds  of 
mean  N.  P.  D. 


«' 


7V 


Latitude. 


6  497 
6  547 
6  574 
6635 
6  690 
6  806 

6  868 

7  008 
7  062 
7  091 
7  164 
7  277 
7  336 
7  401 
7  461 
7  521 
7  559 
7  718 

7  757 
7  880 

7  997 
8075 

8  158 
8  231 
8  284 
8350 

152 
168 
217 

254 

394 

509 

515 
628 

6  626 

6  698 

6  748 

6  856 

6  979 


6  520 
6566 
6  601 
6  657 
6  723 
6  817 

6  932 

7  022 
7  067 
7  152 
7  198 
7  320 

7  383 
7  410 
7  488 

7  524 
7  602 

7  723 
7  824 

7  9^5 

8  054 
8  146 
8  203 
8  256 

8  307 

83 

158 

182 

244 
348 

453 
572 

573 

649 

6  648 

6  731 
6835 

6  940 

7  035 


// 

// 

0     /       // 

// 

05  -12 

54-12 

7 

9 

39  20  32  -27 

0*17 

2773 

40-00 

7 

9 

33-00 

—0*90 

45-85 

07  -20 

7 

9 

31-78 

4  0  -32 

54-51 

13-43 

7 

9 

32-31 

-0'2I 

42-34 

29*07 

6 

9 

32-36 

-0*26 

58-58 

47-06 

7 

9 

31  -12 

1-0*98 

13-56 

53-50 

6 

9 

32*12 

-0*02 

19  -93 

29  50 

7 

9 

32-15 

-  0  -05 

48-80 

49-88 

7 

9 

32    23 

0-13 

02   48 

12  'lO 

7 

9 

32-32 

—0*22 

13-32 

27-00 

6 

9 

31-93 

-to -17 

55-28 

19*60 

6 

9 

32*12 

— 0'02 

18-66 

30*20 

6 

9 

31*88 

-f-0*22 

51-64 

25-33 

6 

9 

31-83 

-f  0  -27 

21  -So 

45-13 

5 

9 

32-33 

0  *23 

10-51 

01  -03 

5 

9 

31-32 

f  0  *78 

55-89 

46-52 

6 

9 

32    65 

055 

35-76    . 

35-83 

5 

9 

32*16 

—0*06 

05-43 

17*78 

5 

9 

31-64 

+0*46 

16*27 

10-38 

5 

9 

31-85 

4-0  *25 

39-18 

56  97 

6 

9 

32-29 

0-19 

19-38 

00*06 

5 

9 

32-64 

-0  -54 

40-61 

05-32 

6 

9 

32-65 

-055 

53-60 

29-59 

6 

9 

32-69 

-0  '59 

51  80 

02*15 

6 

9 

32 -79 

-0*69 

21  -40 

25-70 

6 

9 

32-38 

-0  28 

44-15 

58-38 

5 

9 

31-85 

f  0  25 

04-30 

34  00 

5 

9 

32 -24 

-0*14 

07-86 

55-20 

6 

9 

31-48 

4  0  62 

18  00 

26*61 

6 

9 

32-77 

-0-67 

28-58 

30  25 

6 

9 

32-53 

-o*43 

36-30 

40*80 

6 

9 

32-66 

—0-56 

21  -14 

32*02 

6 

9 

32-06 

+004 

43-86 

31-70 

6 

9 

32-59 

-0*49 

14-67 

52*12 

5 

9 

31-74 

+0*36 

19-79 

30-66 

5 

9 

31-95 

-1-0*15 

51  -lo 

10*17 

5 

9 

31-60 

-fo*5o 

18-14 

47-34 

5 

9 

32  06 

+0-04 

40-26 

44-24 

5 

9 

3»-i7 

+o*93 
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2.   ALLEGHENY  SERIES — continued. 
{20)  Latitude  at  Maryland  Heights^  Maryland^  etc. — Completed. 


Pairs  of  stars. 

Adopted  seconds  of 
mean  N.  P.  D. 

n' 

w 

Latitude. 

V 

// 

// 

0     f       /f 

ff 

7  073 

7  100 

3970     . 

02 '22 

5 

9 

39  20  32  -75 

—0-65 

7  161 

7  204 

29  47 

55-60 

5 

9 

32  93 

--0-83 

7  297 

7  313 

17-69 

09-32 

4 

9 

31*67 

4  0-43 

7  377 

7  418 

51-18 

01  -40 

5 

9 

31-80 

^030 

7  450 

7  495 

10 -86 

48-30 

5 

9 

32-01 

-^0*09 

7  505 

7  565 

51-50 

17-98 

5 

9 

32-61 

0-51 

7  606 

4  787(a) 

03-17 

59  -43 

5 

9 

31  '43 

-fo-67 

7  7^2 

7  749 

44-74 

20 -88 

5 

9 

31-47 

+0-63 

7  7774 

909(a) 

51-95 

35-50 

5 

9 

32-35 

—0-25 

7  871 

7  945 

50  25 

04-04 

5 

9 

31-68 

-^0-42 

[2065] 

7  975 

48-25 

52-14 

5 

9 

32-16 

— o-o6 

8  079 

8  107 

15-49 

14-63 

5 

9 

31-45 

+0-65 

8  126 

8  141 

51-80 

58-40 

5 

9 

32-18 

— o-o8 

8  211 

8  224 

17*02 

45-88 

5 

9 

32*62 

—0-52 

8  299 

8  344 

05-85 

04-11 

5 

9 

31-54 

-ho-56 

8 

65 

38-34 

32  08 

5 

9 

32-18 

— o-o8 

126 

223 

09-50 

42  -10 

5 

9 

32-80 

—0  -70 

239 

247 

21-89 

01  99 

5 

9 

31-56 

-fo-54 

335 

341 

22 -18 

aS-70 

5 

9 

31-10 

-j-i  00 

450 

500 

37  73 

17  -oo 

5 

9 

32*15 

—0-05 

525 

556 

06 '60 

17  -16 

5 

9 

32-72 

—0-62 

614 

647 

32-64 

02  35 

5 

9 

31  -30 

-fo-8o 

653 

657 

21  50 

35  90 

5 

9 

32-49 

0-39 

Indiscriminate  mean  =  39°  20^  32^-^- 10. 
Weighted  mean  =39    20  32    •io.-±:0^'"04. 

e  =  ±1  of^'-if^. 
343  observations,  62  pairs. 

[Reduction  to  geodetic  station  —©''^•74.] 
(a)  Indicate?  Armagh  catalog^ue  of  1S40. 


(21)  Latitude  at  Bull  Run^  Virginia.  F.  Blake.  Zenith  telescope  No.  5.  September  29  to 
October  14,  1871.  One  division  of  level  =  1^^.00  Mean  of  3  determinations  at  Clarks  Mountain  and  this 
station.     One  turn  of  micrometer  =  41^^-37,  from  observations  on  Polaris  at  this  station — 3  sets. 


Pairs  of  stars. 

Adopted 
mean 

seconds  of 
N.  P.  D. 

// 

// 

6  779 

6  800 

59-20 

03  -42 

6  858 

6  867 

23  42 

52  93 

6  881 

6  944 

5071 

16 -So 

6  990 

6  996 

01-35 

07  -88 

7  022 

7  o6t 

18-16 

56-31 

7  098 

7  149 

20*27 

29  50 

5 
5 
5 
5 
5 
5 


IV  Latitude.  v 

o         /            //  // 

5  38  52  56*14  -0-65 

5  56  -53  -fo  -26 

5  56  79  o  00 

5  57-32  -0-53 

5  56-64  -^0-15" 

5  57  20  —0-41 
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2.    ALLEGHENY   SERIES — continued. 
(21)  Latitude  at  Bull  Ru n ,  Virgin  ia ,  etc, — Completed . 

Latitude. 


Pairs  of  stars. 

Adopted 
mean 

seconds  of 
N.  P.  D. 

// 

// 

*7  256 

7  294 

54  52 

17  -00 

*7  398 

*7  398 

42  '00 

42  -oo 

7  444 

7  468 

47-00 

39-70 

7  505 

7  521 

35 '50 

53-97 

7585 

7  636 

40-17 

42-43. 

7  707 

7  742 

3636 

39-38 

7  757 

7  825 

47-83 

12-93 

7  953 

7  997 

48-15 

20-16 

8  114 

*8  133 

21-37 

18-90 

8  222 

8  279 

17-50 

07-36 

8  301 

8317 

26  50 

20  06 

.      63 

*I26 

56  00 

49-50 

166 

198 

43-65 

19-25 

229 

235 

32-78 

52  50 

283 

343 

56  00 

45-55 

409 

480 

32-88 

26*20 

508 

523 

32-20 

34-25 

6  861 

6  868 

05-62 

04-23 

6  940 

6  959 

36  -84 

25-31 

7  001 

7  008 

55-36 

08-75 

7  140 

7  189 

00-13 

40-94 

*7  256 

7  278 

54-52 

58-20 

7  297 

7  320 

06-43 

05-26 

7  333 

7  399 

aS-48 

36-43 

7  455 

7  465 

36-44 

15-98 

7  476 

7  520 

38-22 

37-92 

7  627 

7  676 

51-40 

20-76 

7  733 

7  749 

18-27 

03-21 

7  914 

7  995 

54*37 

17  -00 

8  125 

*8  133 

56  00 

18-90 

8  296 

8  310 

46-28 

05-63 

102 

*I26 

05-37 

49-50 

168 

218 

44-80 

09-30 

322 

391 

51-96 

50-33 

453 

535 

1 1  -82 

08  -oo 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 


w 

3 
3 
5 
5 
5 
5 
5 
5 
3 
5 
5 
3 


r 
o 


5 


5 
5 
5 
5 
5 
3 
5 
5 
5 
5 
5 
5 
5 
3 
5 
3 
5 
5 
5 


o         /  // 

38  52  56  -57 
56  64 

56-14 

57  06 
57-63 

55  73 

55*55 

57-94 
57-10 

56  92 

57  07 
56  -04 
56  -38 
56-82 
56-62 
57-06 
56-87 
56  -32 
56-03 
56-84 
56-84 

56  45 

55*6^ 

57-42 

58-14 

57-98 

56-66 

57-07 

56-44 

56-35 
56  92 

58-24 
56-48 

56*13 
57-60 


V 
y/ 

-ho '22 

+0-I5 
+065 
—0-27 
—0-84 
-fi-o6 
-f-i-24 

-I -15 
-0-31 

—0-13 

—0-28 

-fo-75 

4-0-41 

—0-03 

-I  0-17 

—0*27 

—0-08 

-ro-47 
+0-76 
—0-05 
—0-05 
-fo-34 

-(-I  -12 
-0-63 

-1-35 

—  I  "19 

rO-i3 
—0-28 

-^-o•35 
+0-44 

-0-13 

-1-45 
-fo-31 
-ho -66 
— o-8i 


Indiscriminate  mean  =  38°  52^  56^'' -79. 
Weighted  mean  =38    52   56   -79  rb  0^^*07. 

e  =  r^  0^^*26. 
205  observations,  41  pairs. 

[Reduction  to  geodetic  station  —  o''-63.] 
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2.  ALLEGHENY  SERIES — continued. 

(22)  Latitude  at  Strasburg^  Virginia.  C.  H.  Sinclair.  Meridian  telescope  No.  13.  June  7-22, 
188 1.  One  division  of  level  =  2'''*69,  determined  at  office,  August,  1879.  One  turn  of  micrometer 
=  77^*86,  from  observations  on  Polaris  at  this  station — 2  sets. 


Pairs  of  stars. 

Adopted 
mean 

seconds  of 
N.  P.  D. 

n' 

w 

Latitude. 

V 

// 

// 

0    /       // 

ff 

5  168 

5  178 

30 '47 

37*76 

e 

7 

38  59  32  -50 

—  I  'OI 

5  249 

5  293 

56  57 

37*51 

7 

9 

31*19 

4-0-30 

5  313 

5  322 

48-99 

51*45 

7 

9 

30  90 

+0-59 

5  348 

5  426 

59  64 

26-48 

5 

7 

31*43 

-fo-o6 

5  460 

5  496 

21-53 

03-21 

6 

8 

32-37 

-  0-88 

5  525 

5  599 

00  36 

04*62 

7 

9 

32*34 

-0-85 

5  619 

(2  617) 

28-08 

50  32 

5 

7 

31*09 

-{-0-40 

5  643 

(2  636) 

18-45 

55  76 

5 

7 

31  02 

+0-47 

5  740 

5  765 

00-20 

40-59 

6 

8 

30  96 

+0-53 

5  776 

(2  716) 

53  56 

07-24 

3 

5 

30  98 

-f-o-51 

5  860 

(2  732) 

52-15 

57*35 

6 

8 

32-35 

0-86 

5  918 

(2  761) 

53*96 

2338 

6 

8 

30-48 

-f  I  01 

5  978 

5  991 

03  13 

30-34 

5 

7 

31*68 

—0-19 

6  047 

(2  822) 

35  73 

22-95 

4 

6 

30-72 

+077 

6  069 

6  114 

37  77 

21-37 

2 

3 

30-44 

-fi  -05 

6  109 

(2  874) 

33*26 

45*16 

5 

7 

31*69 

— 020 

(2883) 

(2898) 

36  46 

58 -24 

4 

6 

31-90 

—0-41 

6  203 

6  235 

50 -22 

18 -43 

5 

7 

31*52 

—0-03 

6  238 

6  255 

08-43 

17*39 

3 

5 

31  26 

+0-23 

6  297 

(2  976) 

33 '20 

15  00 

4 

6 

31*92 

043 

6  355 

6  391 

34*91 

40-70 

5 

7 

31-81 

—0-32 

(3  023) 

6  452 

16*40 

43*63 

I 

2 

31*27 

4-0*22 

Indiscriminate  mean  =  38°  59'  31 '''-45. 
Weighted  mean  =38    59  31  -49 -t  ©'''•09. 

e  =  ^  c/'"j^. 
106  observations,  22  pairs. 

[Reduction  to  geodetic  station  -\-  o^-'-oi.] 
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2.  ALLEGHENY  SERIES — Continued. 

( 23)  Latitude  at  Clark  Mountain,  Virginia.  F.  Blake.  Zenith  telescope  No.  5.  July  31  to  Augu^  t 
20,  1 87 1.  One  division  of  level  =  i'''*oo,  from  two  determinations  at  this  station.  One  turn  of  microm- 
eter =  4i'''"42,  from  observations  upon  Polaris  at  this  station. 


Pairs  of  stars. 

Adopted  seconds  of 
mean  N.  P.  D. 

n' 

w 

Latitude. 

V 

// 

ff 

0    /       // 

// 

5  619 

5  644 

21  -27 

47-31 

5 

6 

38  18  38-76 

+  1*04 

5  728 

5  749 

39  49 

13-64 

5 

6 

40*40 

—0*60 

5  775 

5863 

41-64 

51-50 

5 

6 

40 '39 

0-59 

5  937 

5  967 

08  00 

41  26 

5 

6 

40  01 

-0*21 

6033 

6  052 

54-52 

14*70 

5 

6 

41-19 

1*39 

6  223 

6  335 

21  -15 

50  29 

5 

6 

39*88 

-0*08 

*6  365 

^6365 

06*04 

06  04 

5 

3 

38-43 

-f-i-37 

6  426 

6  475 

02  '52 

22*88 

5 

6 

39-88 

—0*08 

6  496 

6  527 

20*l6 

53-07 

5 

6 

40*81 

—  I  -OI 

6  581 

6  599 

27*61 

40-98 

5 

6 

39-51 

-fo-29 

6  674 

6  687 

40  28 

29-23 

5 

6 

39-69 

-|-o*ii 

6  698 

6  745 

12*47 

42-27 

5 

6 

40  02 

—0*22 

*6  765 

*6  765 

04*12 

OrJ  *I2 

5 

3 

39-19 

-^o*6i 

♦6  806 

♦6  806 

47*59 

47-59 

5 

3 

39-58 

4  0*22 

6  824 

6835 

18*31 

00*97 

5 

6 

40  37 

0-57 

6  856 

6883 

08*50 

18*20 

5 

6 

40*40 

—0*60 

6  933 

6  976 

59  20 

35-83 

5 

6 

39-30 

+0*50 

7  006 

7  022 

20  73 

17*82 

5 

6 

40-18 

-038 

7098 

7  121 

20*26 

07  -oi 

5 

6 

39*97 

—0*17 

7  164 

7  171 

60*68 

46*72 

5 

6 

39-41 

fo*39 

7  213 

7  277 

56*21 

41  26 

5 

6 

40*18 

-0*38 

7  313 

7  385 

56-55 

14-07 

5 

6 

39*13 

4-0*67 

7  444 

7  448 

47-00 

48-45 

5 

6 

38-73 

-f-i  07 

7  505 

7  524 

35-30 

45-98 

5 

6 

38*88 

—0*92 

5  975 

6  021 

18*28 

07  -62 

5 

6 

39-72 

+0-08 

6487 

6  555 

18 -66 

57  05 

5 

6 

39-62 

-fo-18 

6583 

6  661 

35*26 

23-75 

5 

6 

40*03 

—0*23 

6  691 

6  717 

14-63 

03 -66 

5 

6 

40  09 

-0  -29 

6  739 

6  818 

50  23 

19*32 

5 

6 

39-70 

-j-O'IO 

6847 

6  901 

50  53 

37-64 

5 

6 

39 '99 

—0-19 

6  952 

6  970 

36-78 

42  53 

5 

6 

39-63 

-fo-17 

6998 

7  041 

09  05 

59 -28 

5 

6 

39  07 

+0*73 

7083 

7  ^31 

32-65 

36  94 

5 

6 

3867 

-I1-13 

7  149 

7  220 

29  23 

41*71 

5 

6 

40-02 

—0*22 

7  246 

7  294 

63-04 

18-95 

5 

6 

39*57 

-fo*23 

7  345 

7368 

08  03 

03  83 

5 

6 

39*82 

—0*02 

7  465 

7  503 

17-09 

3895 

5 

6 

40-64 

—0-84 

7528 

7  545 

5638 

37-92 

5 

6 

39 '44 

-fo*36 

*7  602 

7  602 

29  95 

29  "95 

5 

3 

40-67 

-087 

7  737 

7  753 

46 -27 

50  60 

5 

6 

39*55 

+025 

7  798 

7  820 

06  07 

37-72 

5 

6 

39-66 

-fo*i4 

7  845 

7  923 

09-77 

09-56 

5 

6 

40  49 

—0-69 

7  937 

7  953 

47-37 

48*26 

5 

6 

40  44 

—0-64 

8  032 

*8  036 

58-57 

56-05 

5 

6 

39*38 

+0-42 

; 

Indiscriminate 

\  mean  =  38* 

>  ly  39^/ 

•78. 

Weighted  mean          =  38 

18  39 

80  -*-  a''*o6. 

<?=-^- 

o''-25. 

220  observations,  44  pairs. 

[Reduction 

1  to  geodetic 

station 

-&' 

25.] 
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2.  ALLEGHENY  SERIES — Continued. 

{24)  Latitude  at  Charlottesville,  Virginia.  F.  H.  Parsons.  Transit  No.  4.  August  11-29,  ^882. 
One  division  of  level  =  2^''' 12,  as  observed  at  the  office,  July,  1881.  One  turn  of  micrometer  =  4i'''*34, 
from  observations  on  ^  Ursae  Minoris  at  this  station. 


Pairs  of  stars. 

Adopted  seconds  of 
mean  N.  P.  D. 

// 

ff 

5  765 

5 

840 

4578 

27  -29 

(2  717) 

5 

886 

02  '09 

41  -60 

5  950 

(2 

812) 

05-9^ 

41  80 

6  068 

(2 

845) 

09-38 

03-82 

6  106 

6 

185 

10 '57 

56-40 

6  227 

6 

302 

2870 

07  50 

6  322 

6 

350 

12  89 

22  -06 

6  335 

6 

392 

3176 

02-03 

(3  015) 

6 

438 

38-23 

57*16 

6  475) 

6 

491 

32-37 

17-17 

(3  078) 

6 

583 

37*22 

29-18 

6  650 

6 

646 

50-78 

10*09 

6  674 

6 

697 

23-17 

16-27 

6  745 

6 

784 

13-72 

46-17 

6836 

6 

833 

58  30 

13*65 

(3  294) 

6  S76 

08-54 

57*44 

4 

3 
6 

5 
6 

4 

5 
6 

6 

8 

7 
4 
4 
4 
3 
4 


7V 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 


Latitude. 


o       / 

3801 


»// 


o"-i4. 


Indiscriminate  mean  =  38°  02-^  00^^-95. 
Weighted  mean  =38    02    00    -95  : 

e—  ±1  o'''-44. 
79  obs. ovations,  16  pairs. 
[Reduction  to  dome  of  university  r  10^^-25.] 


// 
61  -52 

60  23 

59  90 

61  -14 

60  "02 

61  -08 

61  -71 

62  -14 
62-18 
60-82 
60-31 

60  67 

61  -30 
62-13 
59*86 
60-22 


// 

-057 
4-072 

T-I     05 
0-19 

-1-0-93 
--O-I3 

-0  -76 

--I    -19 

I   -23 

^0-13 

f-o-64 
028 

-0-35 
I  -18 

f  I  -09 

^0-73 


-♦ 
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2.  ALLEGHENY  SERIES — continued. 

(25)  Latitude  at  Lang  Mount y  Virginia.'''  A.  T.  Mosman.  Zenith  telescope  No.  2.  October 
16-22,  1875.  One  division  of  level  =  i^^-q6,  from  observations  at  Maryland  Heights,  October  to 
November,  1875.  One  turn  of  micrometer  =  44'' '779,  from  observations  upon  circumpolars  at  this 
station. 


Pairs  of  stars. 

Adopted  seconds  of 
mean  N.  P.  D. 

n' 

w 

Latitude. 

V 

ff 

ff 

0     /       // 

ff 

7  585 

7 

612 

35-24 

08  97 

6 

6 

37  17  29  62 

-0-90 

7  641 

7 

658 

57*37 

10  06 

6 

6 

28  -78 

-0-06 

7  674 

7 

700 

59  05 

5074 

6 

6 

29  29 

'  0-57 

7  760 

7 

788 

04  57 

18 -ID 

6 

6 

28-24 

^0-48 

7  796 

7 

829 

26*07 

25-11 

6 

6 

27-66 

-L-I    06 

7  843 

7 

850 

58  67  . 

00-34 

6 

6 

29  53 

-0-81 

7  868 

7 

881 

40  00 

03-80 

6 

6 

28-94 

— 022 

7  902 

7  943 

54-31 

02  95 

6 

6 

28  -88 

o-i6 

7  967 

7  971 

• 

24 -68 

43-62 

6 

6 

28  -83 

-O'll 

7988 

8 

039 

59-94 

51-70 

6 

6 

29-26 

0-54 

8  070 

8 

077 

59 '97 

10-98 

6 

6 

28-18 

*o-54 

8  127 

8 

173 

02  06 

II  -49 

6 

6 

27-85 

^  0  87 

8  206 

8 

223 

52  60 

43-64 

/ 

6 

28-40 

io-32 

8  256 

8 

261 

49-72 

25  03 

7 

6 

29-14 

—0-42 

8  277 

8 

300 

03-65 

53-55 

6 

6 

28-23 

^049 

8359 

8 

370 

29-53 

57-26 

6 

6 

28  89 

--0-17 

46 

82 

41  -70 

37-80 

5 

6 

28-82 

— o-io 

169 

214 

55-00 

16-74 

5 

6 

28  93 

-0-21 

223 

244 

04-34 

17-51 

6 

6 

27  60 

-f  I  -12 

285 

318 

I 

01-55 
ndiscriminate 

27-98 
mean  —  -j 

5 
7°  If  28- 

6 
^^72. 

29-38 

0-66 

/f 


Weighted  mean  =37    17    28    •72_t=a 

^=  ±0^^-31. 
119  observations,  20  pairs. 

[Reduction  to  geodetic  station  -  o'^-o2.] 


-09. 


♦Practice  observations  were  made  at  this  station  by  W.  B.  Fairfield  and  D.  S.  Wolcott.  aids.  Their  results  were: 
Fairfield.  J9"oo  ■^  o"i2;  Wolcott,  i.S"-57 -^  o"  15.  mean -=  28" 'So.  In  view  of  the  fact  that  these  observers  were  then 
inexperienced,  this  result  has  not  been  combined  with  that  given  above. 
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2.  ALLEGHENY  SERIES — continued. 

(26)  Latitude  at  Elliott  Knoby  Virginia.  W.  B.  Fairfield.  2^nith  telescope  No.  6.  July  10  to 
August  2,  1878.  One  division  of  level  =  i''^*09,  determined  at  office  April,  1879.  One  turn  of 
micrometer  =  76''' '33,  from  observations  upon  Polaris  at  this  station. 


Pairs  of  stars. 

Adopted 
mean 

seconds  of 
N.  P.  D. 

// 

// 

5  033 

5 

072 

23-98 

43*28 

5  "5 

5 

152 

29  93 

37-00 

5  187 

5 

279 

07  -oi 

45-60 

5  2q8 

5 

319 

41-30 

37-97 

5  348 

5 

367 

31  09 

36-50 

5  4" 

5 

460 

31  50 

55  -35 

5  496 

5 

546 

37*99 

22  -04 

5  619 

5 

644 

1072 

33-40 

5  666 

5 

706 

03-20 

46-53 

5  728 

5 

749 

19-59 

51-48 

5  734 

5 

757 

33-87 

20-I0 

5  795 

5 

828 

07-85 

57  -OI 

5887 

5 

893 

52-33 

07-39 

5  937 

5 

967 

28-14 

58-31 

6  021 

6 

056 

24-84 

19-89 

6  089 

6 

122 

20  47 

02  55 

6  159 

6 

184 

21  67 

38-82 

6  223 

6 

335 

12-56 

32-38 

6  300 

6 

350 

49*54 

34-17 

6  355 

6 

392 

44  05 

16  02 

6  426 

6 

475 

35-30 

51-57 

6  482 

6 

508 

2C-57 

04-19 

6556 

6 

593 

24-77 

10-41 

3 

3 
6 

7 

7 
8 

6 

7 

7 
6 

6 

I 

6 
8 

8 

7 
6 

6 

7 

7 
6 

6 

6 


7V 

2 
2 

4 
4 
4 
5 
4 
4 
4 
4 
4 
4 
4 
5 
5 
4 
4 
4 
4 
4 
4 
4 
4 


38  09 


ituae. 

V 

// 

// 

57-08 

+0-43 

57-03 

-ho -48 

57  29 

-fO-22 

57-59 

—0-08 

58-16 

—0  65 

57  -59 

— 008 

57-48 

-fO-03 

56  20 

-f  1-31 

57*55 

—0-04 

58  32 

—0-81 

56-63 

-}-o-88 

58-01 

—0-50 

58-05 

-054 

5807 

-0  56 

55*61 

+  1*90 

58-22 

—0-71 

56-61 

-fo-90 

57-17 

+0-34 

57-60 

—0-09 

57-35 

-f  0  -16 

57-87 

—0-36 

58-90 

1*39 

58-19 

-0-68 

Indiscriminate  mean  =  38®  09^  57'^-5o. 
Weighted  mean  =38    09  57    'SidzO^'-ii 

^=±0^-98. 
146  observations,  23  pairs. 

[Reduction  to  geodetic  station  —  0^^*29.] 
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2.  ALLEGHENY  SERIES — continued. 

(27)  Latitude  at  Keeney^  West  Virginia,  A.  T.  Mostnan.  Meridian  telescope  No.  13.  August  22 
to  September  3,  1880.  One  division  of  level  =  2 ^'-69.  One  turn  of  micrometer  =  77''' "848,  from 
observations  on  Polaris  at  this  station. 


Pairs  of  stars. 

6  235 

6  268 

6  322 

6  350 

6  341 

6  372 

6  452 

6  453 

6  475 

6  497 

6  520 

6  547 

6  650 

6  646 

6  674 

6  723 

6  734 

6758 

6783 

6  847 

6  867 

6  868 

6  915 

6  986 

(3  383) 

7  067 

[I  819] 

7  143 

7  164 

7  241 

7  306 

7368 

7  398 

[3  578] 

7468 

7  474 

Adopted  seconds  of 
mean  N.  P.  D. 


«' 


w 


Latitude. 


// 

// 

0     /       // 

// 

1 9  59 

26*85 

6 

5 

37  46  23  *49 

—0*23 

17-66 

27*49 

6 

5 

24*18 

—0*92 

26  58 

59 'M 

6 

5 

22  -90 

+036 

46-33 

21  52 

.     6 

5 

22  50 

+076 

41*43 

17-58 

6 

5 

23-35 

—0-09 

04*64 

34-56 

6 

5 

22  25 

-hi  *oi 

04  30 

23-87 

6 

5 

22  -87 

+0-39 

37-42 

12  *9o 

4 

4 

23-19 

4-0-07 

ii'f^i 

5«-84 

7 

5 

22*85 

-fo*4i 

39*14 

26-99 

7 

5 

23  38 

—0*12 

26 'lo 

37-23 

6 

5 

24-31 

-I  -05 

26*46 

20*92 

6 

5 

24-36 

—  I  *IO 

23-87 

51-69 

6 

5 

2270 

+0*56 

57*65 

14-47 

5 

4 

22*32 

4-0*94 

07*62 

31-90 

5 

4 

24-36 

—  I  *IO 

54*41 

52  76 

6 

5 

22  *70 

4-0-56 

27*97 

47*10 

5 

•     4 

23-36 

— O'lO 

19*14 

II  '07 

6 

5 

23-61 

-o*35 

Indiscriminate  mean  =  37°  46'  23'' '26. 
Weighted  mean  =37    46   23    •26±o'^-ii. 

<f=±o'''-55. 
105  observations,  18  pairs. 

[Reduction  to  geodetic  station  —  o'^*75.] 
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2.  ALLEGHENY  SERIES — continued. 

(28)  Latitude  at  Charleston,  IVest  Virginia,  F.  H.  Parsons.  Transit  No.  6.  August  17-21, 
1883.  One  division  of  level  =  i '''•6.  One  turn  of  micrometer  =  44''*  191  from  observations  upon 
circumpolars. 


Pairs  of  stars. 

Adopted 
mean 

seconds  of 
N.  P.  D. 

(3  322) 

6  932 

58-86 

38-78 

6  952 

6  970 

28-52 

3177 

7  022 

(3388) 

02  '09 

03  17 

7  086 

7  140 

26  77 

32-09 

7  164 

7  171 

2978 

14  36 

7  188 

[i  861] 

50  99 

09  93 

7  241 

(3  490 

51-80 

24*20 

7  301 

7  368 

07  81 

09  05 

7  385 

7  398 

12*74 

43*24 

7  465 

7  503 

12  '92 

30-44 

7  555 

7  585 

35*05 

24*65 

7  598 

7  623 

53  46 

14-08 

7  664 

7  700 

2475 

31*67 

7  733 

7  754 

47  91 

32-08 

7  778 

7  807 

22-83 

33*57 

7  823 

7896 

10  80 

50  50 

7  945 

[2064] 

59  29 

II  -88 

7  995 

8  032 

2773 

06 '22 

8  071 

8  124 

4271 

42-57 

8  141 

8  224 

42-69 

32-78 

8  250 

8  273 

04-79 

35*78 

8  300 

(4  057) 

12-57 

09  90 

n* 


w 

2 

3 

3 

3 

3 

3 

3 

3 
2 

2 


Latitude. 


o       / 

38  21 


2 

3 
3 
.*) 
3 

3 
3 

3 

2 

2 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Indiscriminate  mean  =  38°  21^  06'' -56. 
Weighted  mean  =38    21   06  -39^0^-19. 

^  =  rt  I'^-oo. 
39  observations,  22  pairs. 
[Reduction  to  geodetic  station  o^'oo.] 


05*98 
07  -26 
04-18 

05*51 

07  79 
08-24 

04*96 

05*51 
05-82 

06-30 

06-38 

06  33 

05*73 
08-30 

05*44 
07-07 

08-29 

04*54 

07  65 

07*47 
07-26 

08 -21 


V 

n 
-ho-41 

—0-87 

* 

-1-2 -21 
4-0-88 
—  1-40 

-1-85 

+  1*43 
-}-o-88 

-fo-57 

-ho  09 

-fo'oi 

-fo-o6 

-fo-66 

—  I  -91 

+0-95 

-0-68 

—I  -90 

+1*85 
—I  -26 
—I  08 
—0-87 
—1-82 
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2.  ALLEGHENY  SERIES — continued. 

Latiiude  at  Charleston y  West  Virginia'''.     C.  Schenk.    Transit  No.  6.     August  24-26, 1883.     One 
division  of  level  =  i^'6.     One  turn  of  micrometer  =  44'^*  191  from  observations  upon  circumpolars. 


Pairs  of  stars. 

Adopted 
mean 

seconds  of 
N.  P.  D. 

// 

// 

(3  322) 

6  932 

58-86 

38-78 

6  952 

6  970 

28-52 

3177 

7  022 

(3388) 

02  -09 

03 '17 

7  086 

7  140 

2677 

32  09 

7  164 

7  171 

2978 

14*36 

7  241 

(3  49O 

51-80 

24*20 

7  301 

7368 

07-81 

09-05 

7  465 

7  503 

12  -92 

30  44 

7  555 

7  585 

35*05 

24  65 

7  598 

7  623 

53  -46 

14-08 

7664   • 

7  700 

2475 

31-67 

7  733 

7  754 

47  91 

32-08 

7  778 

7  807 

22-83 

33  57 

7  823 

7896 

10 -80 

50  50 

7  945 

[2  064] 

59  29 

II  -88 

7  995 

8  032 

2773 

06 '22 

8  071 

8  124 

4271 

42-57 

8  141 

8  224 

42-69 

32-78 

8  250 

8  273 

04-79 

35*78 

8  300 

(4  057) 

12-57 

09*90 

«' 


2 
I 

2 

3 
I 

3 

3 

3 
2 

3 
3 
3 

3 

2 

3 
3 

3 

2 

2 
2 


w 

5 

3 

5 
6 

3 
6 

6 

6 

5 
6 

6 

6 

6 

5 

3 
6 

6 

5 
5 
3 


Latitude. 


// 


38  21 


Indiscriminate  mean  =  38°  21'  07''''-02. 
Weighted  mean  =38    21   06  •98rfco'^-io. 

^  =  zb  o'''-54. 
49  observations,  20  pairs. 

[Reduction  to  geodetic  station  o".oo.] 


V 


n 


07-78 

—0-80 

07  42 

0-44 

07-44 

—0-46 

06  37 

f  0  -61 

06-41 

+0-57 

07-60 

—0-62 

06  13 

+0-85 

07-61 

—0-63 

06-47 

-fo-51 

05*70 

-f-i-28 

07  -12 

—0-14 

06-43 

4-0-55 

06-48 

+0-50 

06-88 

H-o'io 

07*47 

-049 

06 -45 

-f-0-53 

07*52 

0-54 

o8-i8 

—  I  20 

07-30 

—0-32 

07-64 

0-66 

*  Practice  observations  were  made  at  this  station  by  W.  B.  Fairfield  and  D.  S.  Wolcott,  aids 
Fairfield,  29"oo  i:o"'i2;  Wolcott.  28"-57  ±<y'i5,  mean  =  28" -So.  In  view  of  the  fact  that  these 
inexperienced  this  result  has  not  been  combined  with  that  given  above. 


.    Their  results  were: 
observers  were  then 


656 


UNITED  STATES  COAST  AND  GEODETIC  SURVEY. 


2.  ALLEGHENY  SERIES — continued, 

Latitude  at  Charleston,  West  Virginia  *.   C.  Terry.   Transit  No.  6.    August  29  to  September  6,  1883, 
One  division  of  level  =  V'fi,     One  turn  of  micrometer  =  44^^*191  from  observations  upon  circumpolars. 


Pairs  of  stars. 

7  086 

7  140 

7  164 

7  171 

7  188 

[I  861] 

7  241 

(3  49O 

7  301 

7368 

7  385 

7  398 

7  465 

7  503 

7  555 

7  585 

7  598 

7  623 

7664 

7  700 

7  733 

7  754 

7  778 

7  807 

7  823 

7896 

7  945 

[2064] 

7  995 

8  032 

8  071 

8  124 

8  141 

8  224 

8  250 

8  273 

8  300 

(4  057) 

28 

58 

100 

120 

Adopted  seconds  of 
mean  N.  P.  D. 


n' 


TV 


Latitude. 


ff 

// 

0     /       ff 

// 

2677 

32-09 

5 

3-0 

38  21  07  77 

—0-87 

2978 

14-36 

4-5 

2-9 

06-99 

—  0-09 

50  99 

09-93 

5 

3-0 

06  89 

+  0-0I 

51-80 

24-20 

5 

3-0 

06-63 

+0-27 

07-81 

09-05 

5 

3-0 

05  48 

-f  1-42 

1274 

43-24 

6 

3-2 

08-10 

—  1-20 

12  -92 

30 -44 

6 

3-2 

05  90 

-hi  -00 

35-05 

24-65 

6 

3*2 

07 -25 

o*35 

53-46 

14  08 

6 

3*2 

05-46 

-hi  "44 

24-75 

31-67 

6 

32 

08-15 

-1*25 

47-91 

32-08 

6 

3-2 

07-03 

-0-13 

22-83 

33-57 

5 

3-0 

0665 

+0-25 

10-80 

50  50 

6 

3-2 

07  69 

-079 

59-29 

11-88 

6 

3-2 

06-61 

-fo-a^ 

27-73 

06 -22       ' 

6 

3-2 

07-45 

-o*55 

4271 

42*57 

6 

3-2 

07-74 

—0-84 

42-69 

32-78 

5*5 

3-1 

05-54 

f  I  -36 

0479 

35-78 

5 

3-0 

07-70 

— o*8o 

12*57 

09  90 

5 

3-0 

o6-i8 

4-0-72 

38-36 

48-84 

5 

3-0 

07-12 

—0*22 

II  -25 

51-96 

5 

3-0 

06-38 

+0*52 

Indiscriminate  mean  =  38°  21^  o6'''-89. 
Weighted  mean  =38    21   06  •90±:o'''-i2. 

^  =  =b  o'''-67. 
115  observations,  21  pairs.     Weighted  mean  of  3  series  38°  21'  06^*87 

[Reduction  to  geodetic  station  0^00.] 


0^10. 


*  Practice  observations  were  made  at  this  station  by  W.  B.  Fairfield  and  D.  S.  Wolcott,  aids. 
Fairfield,  29"oo  ±  c/'i2;  Wolcott,  28"  57  ±  o""  15.  mean  =  28"-8o.    In  view  of  the  fact  that  these 
inexperienced  this  result  has  not  been  combined  with  that  given  above. 


Their  results  were: 
observers  were  then 
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2.  ALLEGHENY  SERIES — Completed. 

(29)  Latitude  at  Piney^  West  Virginia,  A.  T;  Mosman.  Meridian  telescope  No.  13.  August 
30  to  September  9, 1883.  One  division  of  level  =  2^*69.  One  Xxnn  of  micrometer  =  77^''793  from  obser- 
vations on  Polaris  at  this  station. 


Pairs  of  stars. 

Adopted  seconds  of 
mean  N.  P.  D. 

n' 

w 

Latitude. 

V 

// 

ff 

0     /       // 

ff 

6748 

6  810 

00-23 

11-76 

6 

14 

38  26  41  *28 

+0-05 

6  824 

6835 

30-54 

12-12 

6 

14 

41  '30 

4-003 

6852 

6  868 

02  44 

08  89 

6 

14 

40 -93 

+0-40 

6879 

6895 

08 -66 

13   89 

6 

14 

41-96 

—0-63 

6  928 

6  979 

47-18 

1974 

6 

14 

40-78 

-ho -55 

6  990 

7  022 

49 '43 

02   33 

8 

16 

42-15 

—0-82 

7098 

7  107 

56-58 

43*48 

7 

15 

41  -06 

4-0-27 

7  164 

7  171 

30-26 

14-42 

7 

15 

41-07 

4-0-26 

7  246 

7  278 

25-88 

13*28 

6 

14 

41-30 

4-0  03 

7  345 

7368 

17-48 

09-28 

7 

15 

40-77 

4-0-56 

7  462 

7  521 

28-66 

42-22 

7 

15 

41-72 

0-39 

7  547 

7  597 

08  65 

5832 

6 

14 

41  -22 

4-0-II 

7676 

7  706 

53-66 

33-66 

5*5 

14 

41*50 

—0-17 

7  733 

7  754 

47-92 

32-04 

5*5 

14 

41-19 

4-0-14 

7  778 

7  807 

22-83 

33*57 

6 

14 

41*03 

4-0-30 

7848 

7  893 

00-40 

58-37 

6 

14 

41-87 

-0-54 

7  943 

7  967 

36-90 

53*57 

6 

14 

41*51 

-0-18 

7  995 

8  032 

28-14 

9 

06 -21 

6 

14 

41  -36 

—0-03 

Indiscriminate  mean  =  38°  26'  4i'*''33. 
Weighted  mean  =38    26  41  -33  d:  o'''-o6. 

e=  ±0^^-40. 
113  observations,  18  pairs. 

[Reduction  to  geodetic  station  —o''*44.] 
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3.    OHIO  SERIES. 

(30)  Latitude  at  Gould ,  Ohio.  A.  T.  Mosman.  Meridian  telescope  No.  7.*  August  27  to  Septem- 
ber II,  1885.  One  division  of  level  =  i''''"04  from  observations  at  this  station.  One  turn  of  micrometer 
Es  '^^'22,2  from  the  latitude  observations  at  this  station. 


Pairs  of  stars. 

Adopted 
mean 

seconds  of 

N.  P.  D. 

ff 

// 

(2898) 

6  235 

56-37 

12-54 

6  341 

[I  586] 

12-58 

46*16 

6  429 

6  475 

13*04 

17-98 

6  510 

6  552 

24-42 

24-13 

6581 

6  599 

05-08 

14-49 

6  640 

6  654 

19-70 

34*75 

6  690 

(3  190) 

52-86 

22-05 

6  817 

6875 

33  "05 

18-87 

6  928 

6  979 

26 -47 

58-01 

(3  383) 

7  029 

27  -07 

50-53 

7098 

7  107 

32-56 

19-28 

(3  475) 

7  241 

52  -85 

25*42 

7  256 

7  294 

45-61 

04*23 

7  345 

7368 

48-92 

39*96 

7  417 

7  418 

46-44 

13*64 

7  465 

7480 

41-19 

58-84 

7  627 

7676 

56-31 

19-66 

n'         w  Latitude. 

6  I  -I  38  38  30  -94 

6          I  -I  29  -65 

6          I  -I  30  -43 

71-2  29  -81 

71-2  31  -05 

7              I  -2  28  -56 

6          I  -I  28  -93 

71-2  30  -25 

6          I -I  30*87 

6          I  -I  28  -85 

6          I  -I  28  -94 

71-2  30  -08 

6          I  -I  33  "97 

51*1  30  -28 

71-2  27  -93 

4          I  -I  28  -58 

20-9  30  -43 

Indiscriminate  mean  =  38°  38^  29^^-97. 
Weighted  mean  =  38    38  29  -96  d=  0^*23. 

e  —  ±L  o'''-85. 
loi  observations,  17  pairs. 
[Reduction  to  geodetic  station  —  2^'-oo.] 


V 


—0-98 
-fo-31 


-47 
-fo-15 
—I  -09 

-ri-40 
+  1-03 
—0-29 
—0-91 

-fi  -II 
-f  I  '02 

— 0-I2 
—4-01 
—0-32 

4-2  03 

+  1-38 

*47 


^Instrument  defective;  object  glass  loose. 
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3.  OHIO  SERIES — continued. 

(31)  Latitude  at  Minerva,  Kentucky,  A.  T.  Mosman.  Zenith  telescope  No.  6.  August  3-13, 
1887.  One  division  of  level  =  o'^'SS  derived  from  the  latitude  observations  at  this  station.  One  turn 
of  micrometer  =  76''' 160  from  observations  on  Polaris  at  this  station. 


Pairs  of  stars. 


Adopted  seconds  of 
mean  N.  P.  D. 


nf 


w 


Latitude. 


V 


5  821 
5  847 

5  927 

6  068 

6  091 

(2898) 

6  251 

6478 
6  510 

6583 
6615 
6  690 

6  740 
6  824 
6  928 

(3  383) 


5  840 
5  874 

5  990 

6  082 

6  151 
6  235 

6  395 
6  471 

6  552 

6589 
6  662 

6  734 
6  799 
6883 

6  979 

7  029 


// 

.   // 

0    /        // 

ff 

49  13 

47-69 

6 

21 

38  42  30  -90 

—0-02 

2273 

51-34 

6 

21 

30  26 

-t-o  -62 

25-53 

59-59 

7 

22 

31  '39 

—0-51 

13*23 

02  55 

6 

21 

31*38 

—0-50 

51-41 

08-93 

6 

21 

30-91 

—0*03 

54-96 

09-72 

6 

21 

30*55 

+o*33 

52*16 

29-07 

6 

21 

30  80 

+0-08 

59-16 

44  65 

6 

21 

31-12 

—0-24 

14*68 

13-32 

6 

21 

30-71 

-fo-17 

59-31 

31*03 

6 

21 

31  -20 

—0-32 

00-54 

II  -14 

5 

20 

30-73 

+0-15 

38*19 

24-99 

6 

21 

31-02 

—0-14 

24-37 

18-67 

6 

21 

30-85 

+0-03 

54-65 

40*90 

6 

21 

31-10 

—0*22 

05-44 

36-27 

6 

21 

30*36 

+052 

04-23 

27-64 

5 

20 

30*74 

-fo-14 

Indiscriminate  mean  =  38°  42^  3o''^-88. 
Weighted  mean  =  38   42  30   88  db  (/^•o5. 

e  •=±L  cf^'2^ 
95  observations,  16  pairs. 

[Reduction  to  geodetic  station  =o''''oo.] 


5 
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3.  OHIO  SERIES — continued. 

(32)  Latitude  at  Cincinnati*  Ohio.  C.  H.  Sinclair.  Transit  No.  4.  July  19-27,  1881.  One 
division  of  level  =  2^^*123,  from  office  determination  of  July,  1881.  One  turn  of  micrometer  = 
4i'''*40o,  from  observations  upon  5  Ursae  Minoris  at  this  station. 


Pairs  of  stars. 


Adopted  seconds  of 
mean  N.  P.  D. 


«' 


w 


Latitude. 


ff 

ff 

0     /       ff 

ff 

55-36 

36-16 

6      • 

8 

39  08  18  -98 

+  1-52 

03*12 

29*52 

5 

8 

20 '80 

—0*30 

30*16 

52-58 

4 

7 

20*00 

+0-50 

35  73 

22*95 

5 

8 

20*46 

-1-0*04 

29-87 

10*23 

5 

8 

20*78 

—0*28 

50-22 

18*19 

5 

8 

20*31 

4-0*19 

25  08 

35  05 

5 

5 

20*19 

4-0-31 

35  05 

39*26 

5 

5 

19*87 

4-0*63 

06  94 

06*51 

5 

8 

20*85 

-035 

33 '06 

07-79 

5 

8 

20  65 

—0*15 

59-68 

56-45 

5 

8 

20*77 

0*27 

26*21 

19*94 

5 

8 

20*41 

4-0*09 

12*06 

50-53 

5 

8 

20-42 

4-0  08 

29*01 

41*92 

5 

8 

20*01 

4-0 -49 

08  96 

44-02 

5 

8 

20 -74 

—0*24 

16*56 

56  27 

5 

8 

21*68 

—  I -18 

15-10 

27*68 

5 

8 

20*30 

4-0 '20 

40*19 

52-24 

5 

8 

20  65 

—0*15 

20*46 

44-14 

5 

8 

21  -lo 

— o*6o 

39  74 

29*60 

5 

8 

20 '61 

—0*11 

51 '15 

52  28 

5 

8 

20 -49 

4-0*01 

5  922  5  937 

5  978  5  991 

5  999  (2  804) 

6  047  (2  822) 
6  079  6  106 
6  203  6  235 
6  268  ♦  6  355 

*6  355        6  391 
6  404        6  466 

6  496  (3  071) 

6  520  6  534 

6  572  6  625 

6  667  6  718 

6  735  6  802 

6  817  6  849 

6  867  6  901 

6  968  (3  372) 

7  067  7  085 
7  098  7  146 
7  171  7  204 

(3  484)   7  246 

Indiscriminate  mean  =  39°  08'  20''' '48. 
Weighted  mean  =39   08  20  -50  dz  0^*08. 

^  =  db  o''*43. 
105  observations,  21  pairs. 
[Reduction  to  center  of  dome  —  0^^*96 ;  also  to  geodetic  station  —  i'^*o9. 


] 


*  Astronomic  observatory  on  Mount  I<ookout. 
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3.  OHIO  SBRIES— completed. 

(33)  Latitude  at  Reizin^  Indiana.  W.  B.  Fairfield.  Meridian  telescope  No.  7.  October  10-17, 
1889.  One  division  of  level  =  o''' '90,  from  the  latitude  observations  at  this  station.  One  turn  ot 
micrometer  =  78''' -400,  from  the  latitude  observations  at  this  station. 


Pairs  of  stars. 

Adopted  seconds  of 
mean  N.  P.  D. 

// 

// 

7  627 

7676 

49*13 

10*64 

7  733 

7  749 

02-89 

45 -oi 

7  807 

7  848 

45-25 

10*43 

7  874 

7  868 

43 '61 

22*15 

7  901 

7  915 

38-59 

15-12 

7  932 

[2063] 

47-77 

01  '62 

7  972 

(3843) 

39-82 

26*21 

8  031 

8  074 

39-48 

45-33 

8  078 

8  106 

57-60 

01*97 

8  195 

8  212 

24-93 

32  '22 

8  238 

8  243 

14-30 

51-23 

(4  004) 

(4  028) 

26*04 

34*57 

7 

32 

45-25 

38-63 

51 

(43) 

10*27 

57-18 

102 

126 

07-84 

51*71 

166 

198 

47-65 

24*11 

227 

259 

32-69 

10*47 

285 

330 

31  -19 

01  '20 

n' 

6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 

5 

5 
6 

6 

5 
5 


w             Latitude.  v 

6          39  02  53*15  +0*43 

6  53*31  +0*27 

6  54  -45  -o  *87 

6  53  -67  — o  09 

6  54-79  -I -21 

6  54  *26  — o  *68 

6  52  "91  +0  67 

6  53  -64  — o  *o6 

6  53  -27  +0  -31 

6  54  *io  — o  -52 

6  52  '70  -f  o  *88 

6  53  *59  — o  -OI 

5  53  '39  +0  -19 

5  52  -66  -ho  -92 

6  53*41  -fo*i7 
6  53*31  +0*27 
5  54  44  -o  -86 
5  53  -24  +0  "34 


Indiscriminate  mean  =  39°  02^  53''''57. 
Weighted  mean  =39   02  53  •58i:0''*io. 

^=db  0^*47. 
104  observations,  18  pairs. 

[Reduction  to  geodetic  station  +  o'''02.] 
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4.    INDIANA  SERIES. 

(34)  Latitude  at  Weed  Patchy  Indiana.  J.  B.  Baylor.  Meridian  telescope  No.  7.  August  23-29, 
1889.  One  division  of  level  =  i''''*05  as  determined  at  office,  June,  1889.  One  turn  of  micrometer 
=  78'''*365  from  observations  upon  circumpolars  at  this  station. 


n'  w          Latitude.  r' 

5  13          39  09  60  '59  — o  *o4 

5  13  60-14  -rO-4i 

6  18  60*41  -fo'i4 
5'  12  59-90  —0-65 
5  II  60-55  0*00 

5  13  61-36  — o-8i 

6  13  60-32  -ro-23 
5  13  60-93  —0-38 

5  14  61-06  —0*51 

6  4  60*65  — o-io 
5  14  60-98  —0-43 
5  13  60-22  +0-33 
5  13  60-30  -fo-25 
5  14  60-16  -fo-39 
5  14  60*62  —0-07 
5  14  60  96  -0-41 
5  13  60-44  4-0 -n 
5  14  60 -iS  +0-37 
5  13  60-76  —0-21 
5  13  60 -47  +o-o8 

Indiscriminate  mean  =  39°  10^  oo''-55. 
Weighted  mean  =39    10  00  -55  =fc  o'''*o6. 

^=dbo'''*55. 
103  observations,  20  pairs. 

[Reduction  to  geodetic  station  o'''*oo.] 


Pairs  of  stars. 

Adopted 

seconds  of 
N.  P.  D. 

// 

// 

6  082 

(2898) 

04-03 

53*33 

6  203 

6  235 

41  -82 

06*90 

6  355 

6  391. V 

09*48 

II  -62 

6  466 

6  473 

31-47 

21  -08 

6  582 

6  640 

41*47 

53*14 

6  667 

6  718 

16-03 

49*45 

6  748 

6  827 

10-26 

34 -61 

6  849 

6857 

29*51 

49*10 

6^7 

6  932 

47*55 

36-45 

6  990 

*2   629 

43*26 

20-77 

7  067 

7  085 

05*75 

17*06 

7  103 

7  241 

44*43 

31*71 

7  275 

(3  523) 

11  -23 

07  *12 

7368 

7  431 

41-41 

12  *II 

7  542 

7  567 

07*64 

32  -18 

7  598 

7  607 

14-29 

3299 

7  681 

7  753 

07*50 

33 '02 

7  807 

7  848 

45*20 

10*17 

7  901 

7  915 

38-59 

14  99 

7  945 

7  961 

06-13 

09*19 

♦Number  in  Armagh  Catalogue  of  1875. 
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4.  INDIANA  SERIES — Completed. 

(35)  Latitude  at  Vincennes^  Indiana.  C.  H.  Sinclair.  Transit  No.  4.  October  19  to  November 
15,  1881.  One  division  of  level  =  2^''i2,  determined  at  office  July,  1881.  One  turn  of  micrometer 
=  4i''*399  from  observations  upon  Polaris.  But  the  object  glass  was  found  to  give  a  field  which  was 
not  plane,  as  indicated  by  both  the  micrometer  observations  and  the  latitude  observations.  In 
reducing  the  latitude  observations  the  value  41  ^^'426  was  used  for  all  observations  within  5'  30^  of  the 
middle  of  the  field  and  the  value  41^' '293  for  all  other  observations. 


Pairs  of  stars. 

Adopted 
mean 

seconds  of 
N.  P.  D. 

n' 

w 

Latitude. 

V. 

// 

// 

0     /        // 

// 

(3  565) 

7  503 

32-17 

02  'OI 

6 

10 

38  40  37  -22 

-o*45 

7  52t 

7566 

14  '35 

38-82 

5 

9 

36*91 

—0*14 

7  627 

7  676 

03*53 

28*24 

6 

10 

36*64 

4-0-13 

7  712 

7  754 

33-24 

07  72 

6 

10 

36-59 

+0*18 

7  798 

7  855 

0674 

44*52 

5 

9 

36-31 

• 

+046 

7  880 

7  901 

52-38 

07-76 

5 

9 

36-72 

4-0-05 

[2  058] 

7  958 

50*04 

35-40 

6 

7 

36-78 

—O'OI 

(3  843) 

8  023 

59-98 

48-38 

5 

9 

35*94 

+0-83 

8  052 

8  107 

25-42 

40  90 

6 

10 

37*01 

—0*24 

8  159 

8  224 

07-03 

11*74 

6 

lO 

36-68 

4-0-09 

8  273 

8  300 

15-75 

52-62 

5 

9 

36  -68 

4-0*09 

(4  052) 

8  366 

31-31 

55-40 

3 

8 

35-92 

4-0*85 

28 

67 

17-92 

26*54 

6 

10 

37*35 

-0*58 

121 

(88) 

05-17 

23-70 

6 

10 

37*38 

—0*61 

166 

197 

2570 

18*14 

6 

10 

36-16 

4-0-61 

219 

229P 

5272 

15-72 

4 

9 

36  -61 

•f  0  -16 

(4  025) 

8  330 

51-00 

26-53 

4 

9 

36-68 

4-0-09 

16 

(51) 

24*61 

56-65 

4 

9 

3683 

—0*06 

153 

178 

29-67 

25-73 

4 

9 

37*58 

—0-81 

250 

314 

59-90 

50-93 

4 

9 

36-78 

— o-oi 

330 

345 

35*45 

30-91 

4 

9 

36-70 

4-0-07 

431 

456 

36-05 

45*93 

5 

9 

37*32 

-0-55 

482 

523 

46-15 

38-20 

5 

9 

37*73 

—0-96 

558 

593 

33-11 

06*51 

5 

9 

36-78 

—O-OI 

676 

697 

38-99 

16*81 

5 

9 

37*07 

—0-30 

710 

731 

26-43 

03*10 

4 

9 

36-24 

-1-0-53 

(371) 

816 

47-96 

II  '02 

5 

9 

36-17 

4-0-60 

827 

861 

33-61 

53*62 

5 

9 

36-81 

—0*04 

921 

948 

11-63 

46-56 

5 

9 

36-93 

— o-i6 

(482) 

999 

15-53 

51*35 

5 

9 

37  *30 

-053 

I  006 

I  017 

49-18 

49*64 

5 

9 

36-93 

— o-i6 

I  025 

I  059 

04*01 

13*54 

3 

8 

35*61 

4-1 -16 

Indiscriminate  mean  =38**  40^  36^^*76. 
Weighted  mean  =38    40  36   -77^0^^*06. 

158  observations,  32  pairs. 
[Reduction  to  geodetic  station,  Court-house  —  0^^-48.] 
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5.    ILLINOIS  SERIES. 

Station  No.  $6.  Parkersburg^  Richland  County,  Illinois.  "No.  24,  Professional  Papers  of  the 
Corps  of  Engineers  of  the  United  States  Army.'*  Report  of  the  Primary  Triangulation  of  the  United 
States  Lake  Survey.  Lieut.  Col.  C.  B.  Comstock,  United  States  Array,  Washington,  1882,  pp.  633,  634. 
The  latitude  was  observed  here  by  Lieut.  P.  M.  Price,  on  five  nights  in  August,  1879,  with  United 
States  Lake  Survey  Zenith  telescope  No.  19,  having  a  focal  length  of  81  centimetres  and  an  aperture 
of  7*6  centimetres.  The  number  of  pairs  of  stars  observed  was  38  and  126  individual  results  for  latitude 
were  obtained;  ^  =  i:  0^^*42.  Resulting  latitude  of  •  bserving  post  38®  34^  53^^ '25,  and  when  reduced 
to  trigonometric  station  38®  34'  53^^*20  ±  0^^-09. 

Station  No.  37.  Olney  West  Base^  Jasper  County,  Illinois.  Reference  as  above,  pp.  632,  633. 
The  latitude  was  observed  here  by  Assistant  Engineer  G.  Y.  Wisner,  oh  four  nights  in  May,  1880, 
with  Zenith  telescope  No.  19,  as  above.  The  number  of  pairs  observed  was  30  and  115  individual 
results  were  obtained;  e  =  ±o''''42.  Resulting  latitude  of  observing  post  38°  51'  4i''''*23,  and  when 
referred  to  the  trigonometric  station  38®  51'  4i'''*23  ±l  o''-o6. 

(38)  Latitude  at  Newton^  Illinois.  F.  W.  Perkins.  Meridian  telescope  No.  13.  October  16-29, 
1883.  One  division  of  level  =  2'''' '69,  determined  at  office,  August,  1879.  One  turn  of  micrometer 
=  77^722  from  the  latitude  observations  at  this  station. 


Pairs  of  stars. 

Adopted 
mean 

seconds  of 
N.  P.  D. 

n' 

w 

Latitude. 

V 

// 

ff 

0    /       ff 

ff 

7  399 

7  402 

38-39 

46*06 

5 

9 

38  55  31  -15 

—0-28 

7  455 

7  465 

31*21 

12*97 

5 

9 

30-15 

-fo-72 

7  521 

7566 

42*16 

06*27 

5 

9 

31*41 

-0-54 

7582 

(3  652) 

23*15 

16*78 

6 

5 

30-71 

+0-16 

7  627 

7  676 

29*82 

53*66 

5 

9 

30*78 

+0-09 

7  7" 

7  778 

58-40 

22*83 

5 

9 

30*65 

-f-O-22 

7  800 

7843 

09-16 

33*27 

6 

10 

30-88 

— O'OI 

7  879 

*7  901 

37*94 

30  45 

2 

4 

30-38 

+0-49 

7  880 

♦7  901 

15*60 

30*45 

6 

7 

30-87 

O'OO 

7  932 

[2063] 

40  72 

54*91 

6 

8 

31*20 

-0-33 

7  961 

(3865) 

03*53 

20-18 

5 

9 

30-42 

+0-45 

8039 

8  149 

17-18 

38-51 

5 

9 

30-67 

-f-0*20 

8  195 

8  212 

23*41 

30-91 

5 

9 

31*44 

0-57 

(3  995) 

*8  296 

54*12 

46-68 

5 

6 

31*18 

—0-31 

«8  296 

8  310 

46-68 

06-06 

5 

6 

30*84 

+003 

(4  038) 

(4043) 

25*84 

54*63 

5 

8 

31*76 

—0-89 

(4  052) 

8366 

5083 

15*20 

5 

9 

30*37 

+0-50 

8373 

26 

18-94 

01  -oo 

4 

9    , 

30-24 

-fo-63 

51 

(43) 

10-85 

57*19 

5 

9 

3040 

+0-47 

102 

126 

07-10 

51*28 

5 

9 

30-89 

—0-02 

166 

198 

45*93 

22*48 

5 

9 

30-80 

+007 

285 

330 

27-41 

56*44 

5 

9 

31*92 

—1-05 

Indiscriminate  mean  =  38®  55'  30^-87. 
Weighted  mean  =  38   55  30  '87  ±i  o^'(yj, 

e  =  ±L  o''-4o. 
no  observations,  22  pairs. 

[Reduction  to  geodetic  station  o^'oo.] 
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5.  ILLINOIS  SERIES — completed. 

(39)  Latitude  at  Bording^  Illinois.  G.  A.  Fairfield.  Meridian  telescope  No.  7.  October  10-20, 
1882.  One  division  of  level  =  \'*'QO^  determined  at  this  station.  One  turn  of  micrometer  =  ']W'2t^ 
from  circumpolar  observations  at  this  station. 


Pairs  of  stars. 

Adopted  seconds  of 
mean  N.  P.  D. 

n' 

w 

Latitude. 

V 

// 

ft 

0     /       ff 

ff 

6  640 

6  654 

39  42 

54-68 

5 

9 

38  36  50  -09 

-fo-64 

6  740 

6  799 

0473 

01  -70 

5 

14 

50-32 

+0-41 

6879 

6895 

18-28 

23-85 

5 

14 

5071 

-fo-02 

6  928 

6  979 

5770 

30  50 

5 

14 

50-65 

-f-008 

7  200 

7  220 

01  '03 

09-58 

5 

14 

50-08 

-fo-65 

7.246 

7  278 

38-90 

27  -00 

5 

13 

50-81 

—0-08 

7  345 

7368 

3170 

23-66 

5 

14 

50-99 

—0-26 

7  474 

7  555 

40-03 

51-14 

5 

14 

5073 

O'OO 

7  595 

7  606 

24  63 

45-18 

5 

14 

50-37 

+0-36 

7  676 

7  706 

10-91 

51-13 

5 

14 

50-82 

—0-09 

7  731 

(3  719) 

01-35 

39 '35 

5 

6 

50-93 

— 0-20 

7  798 

7855 

48-55 

26-04 

5 

14 

50-54 

+0-19 

7  879 

♦7  901 

56-47 

49-10 

3 

7 

50-20 

-fo-53 

7  880 

*7  9bi 

34*13 

49-10 

5 

9 

50-76 

—0-03 

[2  058] 

7958 

31  "30 

16-47 

5 

3 

50-50 

-fo-23 

8  052 

8  107 

05-94 

21-51 

5 

14 

50  63 

-fo-io 

8  273 

8  300 

55-78 

32-57 

5 

14 

50-85 

—0-12 

(4  057) 

14 

29-90 

39-12 

5 

4 

50  51 

-fO-22 

166 

197 

05-88 

57-47 

5 

13 

51-80 

—  I  -07 

219 

229jf 

33  03 

57 -06 

5 

14 

51*14 

—0*41 

247 

254 

06-67 

24-80 

5 

14 

51*19 

—0-46 

Indiscriminate  mean  =  38**  36'  s^^'jo. 
Weighted  mean  =  38    36   50  -73  db  o"*o6. 

103  observations,  21  pairs. 

[Reduction  to  geodetic  station  o^'^-oo.] 
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6.    MISSOURI  SERIES. 

(40)  Latitude  at  St.  Louis,  Missouri.  O.  H.  Tittmann  and  W.  Eimbeck.  Zenith  telescope 
No.  6.  December  8-27,  1869,  ^^^  J^^y  3  ^^  November  7,  1870.  One  division  of  level  =  1^^*12,  deter- 
mined at  Salt  Lake  City,  Utah,  in  1869.  One  turn  of  micrometer  =  76'''*i6o  from  observations  upon 
circumpolars  at  this  station. 


Pairs  of  stars. 

Adopted  seconds  of 
mean  N.  P.  D. 

ft' 

w 

Latitude. 

V 

// 

// 

0     /       ff 

ff 

146 

178 

13-20 

22*87 

I 

1*3 

38  38  00-14 

+2-63 

219 

229 

48-46 

12 -oo 

2 

1*7 

03*97 

—I  -20 

330 

345 

27-04 

21  -69 

3 

1*9 

02-74 

-1-0-03 

502 

544 

15*14 

02  -42 

4 

2-1 

04  -02 

—  I  -25 

676 

697 

04-14 

36-77 

4 

2  -I 

03-68 

— 0-91 

827 

861 

39*77 

55*63 

4 

2-1 

02  65 

-fO-I2 

I  219 

I  269 

17*32 

21-37 

3 

1-9 

02  22 

+0-55 

I  530 

T-  535 

39*38 

48-48 

2 

1*7 

00-84 

-Hi  93 

I  63T 

I  663 

14-64 

24*59 

3 

1-9 

03-18 

—0-41 

5  084 

5  155 

56-45 

25-01 

I 

1*3 

04-83 

—2-06 

5  315 

5  348 

14*40 

12  -70 

2 

1*7 

04  '04 

—I  -27 

5  367 

5  459 

17-90 

45*22 

I 

1*3 

01 '39 

+  1-38 

5  502 

5  525 

54 '16 

31-60 

I 

1*3 

02-31 

+0-46 

5  546 

5  ^17 

22-49 

44*79 

I 

1*3 

01-55 

-f  I  -22 

5667 

5  731 

20-79 

50  19 

2 

1*7 

02-74 

-foo3 

5  823 

5  841 

30  '53 

33*22 

I 

1*3 

03-10 

-0-33 

5  834 

5  874 

3476 

46-69 

2 

1*7 

02  25 

-f-0-52 

*5  937 

5  988 

05  06 

14*74 

3 

1*3 

03*04 

—0-27 

*5  937 

5  999 

05  06 

07  -16 

3 

t*3 

01  50 

-fi-27 

6  062 

*6  082 

17-46 

50-89 

3 

1*3 

02-46 

+0-31 

6  068 

*6  082 

5862 

50-89 

I 

0-9 

02-47 

+0-30 

6  129 

6  T50 

27-17 

13*43 

4 

2  -I 

02-57 

-j-o-20 

6  185 

6  241 

05-26 

44*41 

3 

1*9 

03-10 

—0-33 

6348 

6387 

II  50 

34*80 

3 

1*9 

or -99 

4-0-78 

6  429 

6  475 

12-35 

26-27 

2 

1*7 

02-64 

+0-13 

6623 

6  674 

13*79 

47*88 

1*3 

02-44 

-fo-33 

6  644 

6  662 

54*30 

08-10 

1*3 

03  06 

—0-29 

6  690 

6  734 

42  56 

43*97 

1*7 

04-68 

—1-91 

6  858 

6  867 

33*66 

01-47 

1*3 

03  30 

-053 

6  937 

7  027 

30 -68 

18-83 

1*3 

03  57 

—0-80 

7  567 

7  595 

42-87 

42-67 

1*3 

01-93 

+0-84 

7  612 

7  627 

33*67 

08 -18 

1*3 

04*49 

—I  -72 

7  820 

7  914 

5606 

12-96 

1*3 

01-15 

-hi -62 

8  052 

8  107 

58-49 

13*69 

1*3 

02-85 

— 008 

8  147 

8  188 

12  -06 

03  06 

1*3 

01  -51 

+1-26 

8  248 

8  279 

09*30 

28-79 

1*3 

00  56 

-f-2  -21 

98 

126 

41*37 

10 -oo 

1*3 

01-74 

-fi*03 

235 

256 

II  -71 

45*56 

1*3 

04-90 

—2-13 

285 

330 

40*04 

07*69 

1*3 

05-06 

—2  -29 

Indiscriminate  mean  =  38**  38^  02^^-73. 
Weighted  mean  =38    38   02  -77d=o'''i3. 

•  e=^±:  0^^-65. 

74  observations,  39  pairs.    The  first  nine  pairs  were  observed  in  1869  and  the  remainder  in  1870. 

[Reduction  to  spire  of  Second  Presbyterian  Church  —  i'''-97.] 
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6.  MISSOURI  SERIES — continned. 

Latitude  at  St,  Louis ^  Missouri,  F.  H.  Parsons.  Transit  No.  6.  September  24  to  October  10, 1881. 
One  division  of  level  =  2''''i2,  determined  at  office  in  July,  1881.  One  turn  of  micrometer  =  44^^*168, 
from  circumpolar  observations  at  this  station. 


Pairs  of  stars. 

Adopted  seconds  of 
mean  N.  P.  D. 

// 

// 

7568 

7  598 

39^98 

26-45 

7  686 

7  689 

II  -40 

21  '07 

7  723 

7  758 

J3'62 

41*71 

7  798 

7  855 

06-50 

44*62 

7  880 

7  901 

52-38 

0772 

[2  058] 

7958 

4978 

35*20 

(3  843) 

8  023 

59  79 

48  29 

8  074 

8  105 

21  -20 

03  75 

8  136 

8  212 

01  25 

10-37 

8  273 

8  300 

15-91 

53*41 

(4  025) 

8330 

50-68 

26-53 

8  344 

(4  052) 

2373 

31*60 

121 

(88) 

05*05 

23*71 

166 

197 

26*07 

16-00 

219 

229 

52  56 

15*10 

247 

254 

2570 

43*44 

330 

345 

34*82 

30*91 

427 

456 

51*44 

45*81 

487 

514 

31*03 

19*01 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
4 
4 
4 
5 
4 
5 
5 
5 
4 


w  Latitude. 

o       /  // 

5  38  38  03  -43 

5  0231 

5  02-44 

5  02-40 

5  03  -22 

5  02  -24 

5  01  -81 

5  02  -22 

5  03  -39 

5  02-64 

4  02  -75 

4  02 -80 

4  02  -72 

5  02  -58 

4  03*20 

6  04-05 

5  03  -02 
5  02-08 
4  04-42 


V 

// 
—0-62 

+0-50 

-fo*37 

+0-41 

—0-41 

+0-57 
+1  -oo 

4-0-59 
-0-58 

+0-I7 
+0*06 

+0-0I 

-I-0-09 
+0-23 
-039 
—  I  -24 
—0-21 
-fo-73 
-I -61 


Indiscriminate  mean  =  38°  38'  o2'''-83. 
Weighted  mean  =38  38  02  •8i±o"-o9. 

^  =  d=o"'-76. 
90  observations,  19  pairs. 
[Reduction  to  spire  of  Second  Presbyterian  Church  —  2^^-40.] 
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6.  MISSOURI  SERIES — completed. 

(^\)  Latitude  at  Jefferson^  Missouri.  H.W.Blair.  Meridian  telescope  No.  3.  November  19-29, 
1879.  One  division  of  level  =  I '^'82,  a*  mean  of  several  determinations.  One  turn  of  micrometer 
=  63^''*8oo,  from  circunipolar  observations  at  this  station. 


Pairs  of  stars. 

Adopted  seconds  of- 
mean  N.  P.  D. 

// 

ff 

7  902 

(3805) 

39*84 

10-87 

[2  058] 

7  958 

27  06 

13-22 

7  973 

7  975 

47-07 

01  -74 

8  052 

[2  097] 

03-92 

16-80 

♦8  195 

*8  195 

42*45 

42  45 

(4  057) 

14 

30*20 

39*42 

lOI 

1 48 

3872 

25 -66 

166 

197 

05*55 

56-44 

219 

229 

31*86 

54*45 

247 

254 

05*74 

22  -63 

264 

314 

09-84 

26-58 

330 

345 

13*49 

09*37 

427 

*456 

29*20 

23*08 

43» 

*456 

13*63 

23-08 

482 

523 

22  '90 

12*95 

566 

579 

06 -18 

58-90 

593 

614 

41*31 

54*15 

676 

697 

13-20 

50*05 

745 

744 

17*95 

34*97 

777 

794 

46*00 

08*06 

«' 


4 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
4 
5 
5 
5 
5 


w 
10 

TI 
II 
II 

6 

II 
II 
II 
II 
II 
II 
II 

7 

7 
II 

10 

II 

II 

II 

II 


Latitude. 


// 


38  33  43  97 
43-02 

44-01 

43*45 
43*88 

43*67 
43*86 

44*75 
44*18 

44  36 

44*57 

44*47 
44*02 

44*50 
44*08 

43*25 
43*52 
44*23 
43*70 
44*30 


Indiscriminate  mean  =  38**  33'  43''''99. 
Weighted  mean  =  38    33  43  -99  di  o'''-o7. 

e=  ±o''-37. 
98  observations,  20  pairs. 

[Reduction  to  geodetic  station  o'^'-oo.] 


// 


ro-o2 

^097 

-0-02 

-0-54 

-O'll 

ro-32 

-fo-i3 
—0-76 
—0-19 

o*37 
058 

-0-48 

-0-03 

-0-51 

-o  -09 

-0*74 

1-0-47 

—0*24 

-rO-29 

—0-31 
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7.    MISSOURI-KANSAS   SERIES. 

(42)  Latitude  at  Hunter^  Missouri.  F.  D.  Granger.  Meridian  telescope  No.  3.  July  26  to  August 
3,  1880.  One  division  of  level  =  i'^'tS,  determined  at  Jefferson  City,  in  1879,  by  H.  W.  Blair.  One 
turn  of  micrometer  =  63^^*422^  from  the  latitude  observations  at  this  station. 


Pairs  of  stars. 

Adopted  seconds  of 
mean  N.  P.  D. 

// 

ff 

5  860 

5  937 

48  96 

33-56 

5  962 

5  990 

23*80 

45*50 

6  052 

6  073 

23  94 

47*58 

6  109 

6  178 

3274 

24*59 

6  218 

6  235 

37*41 

19*20 

6  251 

6  395 

01 '33 

54*52 

6  429 

6  475 

32  96 

41*68 

6  522 

6  574 

48*01 

47*86 

6  601 

*6  654 

06  "20 

08*07 

6  640 

*6  654 

54*72 

08*07 

6  698 

6  745 

05  09 

29*60 

6  824 

6835 

57*32 

39*28 

6857 

6875 

14*10 

07*13 

6  928 

6  979 

22  '17 

52  08 

7098 

7  107 

32*47 

19*96 

7  149 

*7  220 

37*42 

37*10 

7  200 

*7  220 

26*40 

37 'lo 

7  246 

7  278 

05*90 

54  11 

7  345 

7368 

59*73 

52  46 

7  465 

7  503 

59  65 

16*95 

7568 

7  598 

56  80 

42*91 

*7  705 

7  721 

08  97 

47*95 

*7  705 

7  731 

08 '97 

36*54 

6 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 
6 

5 

5 

5 
6 

5 
5 
6 
6 

5 
5 


w 

4*4 
4*2 

4*2 
4*2 
4*2 
4*2 

4*2 
4*2 
2*8 
2*8 
4*2 
4*2 

4*4 

4*2 
4*2 
2*8 
2*9 
4*2 
4*2 

4*4 
4*4 

2*8 
2*8 


Latitude. 


// 


38  25  47  *22 

48*74 
47*26 

48*37 

47*27 
49*14 
48*23 

48*49 
48  -67. 
48*20 

48*59 
48*44 
48*50 

46*59 
47*02 

48-58 
48*64 
47*62 
48*46 
47  29 

47*03 
48*83 

47*95 


Indiscriminate  mean  =  38**  25'  48^*05. 
Weighted  mean  =38    25  48  'oizbo^'io. 

^  =  d=  o'^*62. 
120  observations,  23  pairs. 

[Reduction  to  geodetic  station  o^'^'oo.] 


V 

// 
+079 

-o*73 
+075 

—0*36 
+o*74 

-1*13 
—0*22 

—0-48 


•66 
—0*19 
-0*58 

-o*43 
—0*49 

4-1*42 
+0*99 
-0*57 
—0*63 
+0-39 

-o'45 
+0*72 

+0*98 

-0*82 

-f-006 
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7.  MISSOURI-KANSAS  SERIES — continued. 

(43)  Latitude  at  Kansas  City,  Missouri,  C.  H.  Sinclair.  Transit  No.  4.  September  20-26, 18S2. 
One  division  of  level  =  2'''*i2,  determined  at  office,  July,  1881.  One  turn  of  micrometer  =  4i''''333, 
from  circumpolar  observations  at  this  station. 


Pairs  of  stars. 

Adopted 
mean 

seconds  of 
N.  P.  D. 

ff 

// 

6  520 

6  534 

5471 

51  -23 

6574 

6583 

3675 

29-18 

6  667 

6  718 

05  00 

42-79 

6  794 

6  852 

09  90 

12-36 

6  867 

6  901 

07-01 

47-38 

6  928 

6  966 

58*01 

04-10 

6  986 

7  061 

58  20 

47*77 

7  112 

7  164 

38-66 

42-00 

7  211 

7^23 

1778 

44-63 

(3  484) 

7  246 

37  '92 

39-00 

7  275 

(3  523) 

46-87 

46-08 

(3  565) 

7  455 

17-28 

46-48 

7  542 

7  567 

59*95 

26-52 

7598 

7  607 

09  92 

28-94 

7  945 

7  961 

18-14 

22  -10 

(3  841) 

8  023 

07-30 

29-03 

8  078 

8  106 

13-33 

19-82 

8  188 

(3  957) 

04-86 

37  70 

8  238 

8  243 

34-38 

09-78 

8  279 

(4  052) 

28-36 

11*54 

8  366 

8 

35*34 

38-11 

4 

4 

5 
6 

5 
4 
4 


2 
I 

5 
5 
5 
5 

4 
4 
4 


w  Latitude. 

O        /  ff 

7  39  05  51  29 

7  50*68 

7  50-98 

7  50  -93 

7  51*26 

7  50-13 

7  51  69 

4  51*44 

4  50  28 

4  50  -27 

4  51  *i8 

4  51  *84 

6  51  '30 
4  51  '63 

7  51  '12 
7  50  -51 
7  52  -05 
7  50  -47 
7  50  -lo 
7  50-61 
7  50-04 


V 


// 


-0-37 
-ho -24 

— o-o6 

— O'OI 

-0*34 
-fo-79 

-0-77 
—0-52 

+064 
-fo-65 
—0-26 
—0-92 
-038 
—0-71 
—0-20 
4-0-41 

—1-13 
+0-45 

-f-o-82 

+0-31 
+0-88 


Indiscriminate  mean  =  39«»  05'  5o'-'-94. 
Weighted  mean  =  39   05  50  -92  ±  0^*09. 

^  =  ±  o''-33. 
72  observations,  21  pairs. 
[Reduction  to  geodetic  station,  Second  Presbyterian  Church  -h  5'''-4i.] 
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7.  MISSOURI-KANSAS  SERIES — continued. 

(44)  Latitude  at  Adams^  Kansas,  F.  H.  Parsons.  Meridian  telescope  No.  7.  July  7-19,  1888. 
One  division  of  level  =  i^'''o6,  derived  from  the  latitude  observations  at  this  station.  One  turn  of 
micrometer  =  78'''356,  from  observations  on  Polaris  at  this  station. 


Pairs  of  stars. 


Adopted  seconds  of 
mean  N.  P.  D. 


n* 


w 


Latitude. 


V 


4980 
5  071 
5  143 

(2  455) 
5  348 
5  511 
5  574 
5  628 

(2  658) 
5  860 
5  918 

5  978 
(2  793) 

6  114 
6  203 
6  297 

6355 
6  469 

6  496 

6  520 


5  031 

(2386) 

5  181 

5  315 
5  426 
5  520 
5  597 
5  647 
(2  690) 

(2  732) 
(2  761) 

5  991 

6  073 

6  loi 

6  235 
(2  976) 
6  390P 
6  460 

(3  071) 
6  534 


// 

ff 

0     /       // 

// 

57  80 

10 -8i 

6 

5 

39  02  41  -43 

+0-29 

16 -61 

28  96 

6 

5 

41*65 

4-0-07 

28-84 

39-67 

6 

5 

42 -j6 

0-44 

16-41 

17-99 

6 

5 

41-63 

-fo-09 

07-63 

31-57 

6 

5 

41-48 

-fo-24 

12-98 

13-12 

6 

5 

41-54 

-fo-i8 

28-78 

29-13 

6 

5 

42-44 

—0-72 

54*84 

32-63 

6 

5 

42-50 

—0-78 

0979 

14-88 

6 

5 

41  '62 

-fo-io 

18-65 

21-95 

6 

5 

41-75 

— 003 

15-55 

42-07 

6 

5 

41-48 

-ho -24 

22-46 

42-92 

8 

6 

42*27 

-0-55 

39*54 

54-09 

8 

6 

41*79 

—0-07 

22-80 

29-09 

8 

6 

41  -21 

4-0-51 

42-86 

08-81 

7 

5 

41-82 

— o-io 

19-42 

57-01 

8 

6 

41-24 

+0-48 

12-68 

48-54 

5 

5 

43*47 

1-75 

40-07 

29-41 

7 

5 

41-71 

4-0 -QI 

00-55 

34*55 

6 

5 

40-89 

+0-83 

24-99 

21  -76 

6 

5 

40-41 

+  1*31 

Indiscriminate  mean  =  39°  02^  4i'''72. 
Weighted  mean  =39   02  41  •72dbo^'io. 

^  =  i  0^-65. 
129  observations,  20  pairs. 

[Reduction  to  geodetic  station  —o'' -06.] 
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7.  MISSOURI-KANSAS  SERIES — Completed. 

(45)  Latitude  at  Salina  West  Base^  Kansas,  W.  C.  Hodgkins.  Meridian  telescope  No.  2. 
July  30  to  August  10,  1896.  One  division  of  level  =  i'''663,  determined  at  office  November,  1890. 
One  turn  of  micrometer  =  65^'' '5 72,  from  observations  on  Polaris  at  this  station. 


Pairs  of  stars. 


Adopted  seconds  of 
mean  N.  P.  D. 


n* 


w 


Latitude. 


V 


5  527 
5  740 
5  821 

5  871 

5  978 
6073 

*6  091 

*6  091 

(2883) 

6  238 
6  300 
6  520 

6583 

6615 

*6  690 

*6  690 

*6  690 

6  754 

6783 
6  890 

6  990 
[I  819] 

7  164 
7  256 


5  643 
5  765 
5  840 

5  927 

5  991 
*6  091 

6  151 
6  152 

(2898) 

6  255 

[1586] 

6  571 
6  582 
6  662 

(3  190) 
6  734 
6  730 

(3  233) 
6  852 

6  970 

7  022 
7  126 
7  233 
7  278 


// 

// 

0     /        // 

// 

3636 

56-27 

I 

0*2 

38  51  03  72 

—0*15 

22*98 

58-67 

4 

o*8 

03*44 

+0*13 

28*04 

25*58 

3 

o*6 

04*19 

—0*62 

26  27 

51*53 

7 

1*4 

04*46 

—0*89 

4471 

58-10 

6 

I  '2 

06 '02 

-2*45 

00-37 

5631 

7 

07 

04*71 

-1*14 

56-31 

06  33 

2 

0*2 

04*34 

-0-77 

56-31 

51*44 

2 

0'2 

02  38 

+I-I9 

33*91 

48-14 

2 

0*4 

01-34 

4-2*23 

45*94 

52-31 

6 

I  -2 

02*41 

+I-I6 

10*40 

06*48 

4 

o*8 

04-24 

—0*67 

4578 

24*51 

5 

I  -o 

03*78 

—0*21 

04*94 

58-84 

4 

0*8 

02*28 

+1-29 

02*73 

08*91 

6 

I  *2 

03*27 

+0*30 

31  "67 

58-89 

6 

o*6 

02 -lo 

+1-47 

31*67 

II  -25 

7 

07 

02*92 

+0*65 

31*67 

40  95 

I 

O'l 

03-18 

+0-39 

19*99 

11-32 

2 

0*4 

01*18 

+2-39 

20 '08 

59*05 

7 

1*4 

04*68 

—I  '11 

38*10 

11*84 

6 

I  -2 

03  '02 

+0-55 

25*94 

34*47 

5 

I  *o 

01  -84 

+  1-73 

41  -11 

00*46 

I 

0*2 

05*59 

—2 -02 

45*82 

18-44 

2 

0-4 

04-14 

057 

16 -73 

15*19 

2 

0-4 

04*06 

-0-49 

Indiscriminate  mean  =  38°  51'  03'''' •47. 
Weighted  mean  =38    51  03  '57  ±0^-18. 

^=±2^*22. 

98  observations,  24  pairs. 

[Reduction  to  geodetic  station  o'^'oo.] 
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8.    KANSAS-COLORADO  SERIES. 

(46)  Latitude  at  Ellsworth^  Kansas.  E.  Smith.  Transit  No.  4.  September 
division  of  level  =  2^*1,  determined  at  the  office  in  1881.  One  turn  of  micrometer  = 
cumpolar  observations  at  this  station. 


17-25,  1885.     One 
=  41^*395,  from  cir- 


Pairs  of  stars. 

Adopted 
mean 

seconds  of 
N.  P.  D. 

n' 

w 

Latitude. 

V 

// 

// 

k 

0    /       // 

ff 

7  256 

7  294 

45  61 

04  23 

4 

3*1 

38  43  48-51 

—0-91 

7  320 

7398 

48-66 

13*42 

4 

3*1 

47*74 

—0-14 

7  417 

7  418 

46*51 

13*28 

4 

3*1 

46*16 

+  1*44 

7  474 

7  555 

53*25 

02-16 

4    -^ 

3*1 

48-83 

-1*23 

7  595 

7  606 

35  00 

55  40 

4 

3*1 

46-46 

-fi-14 

7  627 

7676 

56  29 

19*48 

4 

3*1 

48-28 

-0-68 

7  731 

(3  719) 

08  96 

46-30 

3 

2*9 

47*23 

+0-37 

7  798 

7855 

54-68 

30  96 

4 

3*1 

48-48 

-0-88 

7  880 

♦7  901 

38-61 

53 '20 

4 

2  -I 

48-04 

-044 

[2  058] 

7  958 

3376 

19*73 

4 

3*1 

46-82 

+0-78 

(3843) 

8  023 

42  92 

31*20 

4 

3*1 

47*24 

+0-36 

8052 

8  107 

08  40 

23  96 

4 

3*1 

48-99 

1*39 

8  153 

8  227 

4^ -J* 

rr-78 

4 

3*1 

46-34 

+1-26 

7  268 

(3  530) 

21-66 

34*67 

3 

2*9 

47*22 

-^o-38 

(3  555) 

7  437 

07  50 

10-50 

3 

2*9 

46-62 

-fo-98 

7  521 

7566 

10-28 

33*54 

3 

2*9 

47*56 

-ho -04 

7  585 

7  631 

,  51  95 

37*02 

3 

2*9 

48-41 

— o-8i 

7  686 

7689 

02-90 

II  -28 

4 

3*1 

47*39 

-fO-2I 

7  712 

7  754 

23  62 

56-38- 

.5 

3*3 

48-08 

—0-48 

(3  754) 

♦7  901 

33  29 

53*20 

4 

2-1 

47-61 

— O'OI 

Indiscriminate  mean  =  38®  43'  47''' -60. 
Weighted  mean  =38    43  47  -6od:o''''i3. 

e^  =bo'''-53. 
76  observations,  20  pairs. 

[Reduction  to  geodetic  station  x/'-oo.] 


18732— No.  4 43 


674 


UNITED  STATES   COAST   AND   GEODETIC  SURVEY. 


8.  KANSAS-COLORADO  SERIES — Continued. 

(47)  Latitude  at  Russell  Southeast  Base^  Kansas,  H.  L.  Stidham.  Meridian  telescope  No.  i. 
September  21-30,  1893.  One  division  of  level  =  I'^'goi,  determined  at  office  April,  1893.  One  turn  of 
micrometer  =  65''' '987,  from  circmnpolar  observations  at  this  station. 


Pairs  of  stars. 


Adopted  seconds  of 
mean  N.  P.  D. 


w 


Latitude. 


V 


6656 
6  740 
6  890 

6  957 
[I  819] 

7  256 
7  333 

7  465 
7  627 

7  712 
7  800 
7  880 

7  923 

8  052 

8  159 
8  296 


6  698 

6  799 

6  932 

7  062 
7  126 
7  278 

7  399 
7  480 
7  676 
7  754 
7  843 
7  901 

7  999 

8  107 

8  224 

ft 

8  310 


// 

/f 

0    /       // 

/f 

14-28 

28-13 

6 

16 

38  51  23  -16 

—0*26 

35 -60 

26  96 

6 

15 

22-31 

+059 

07-84 

55 'GO 

6 

18 

22-23 

-fo-67 

4578 

1776 

5 

16 

22-88 

-f-0*02 

17*55 

37*54 

5 

14 

23  01 

—0*11 

57*37 

56*40 

6 

19 

23*50 

~o*6o 

5679 

08-71 

5 

17 

22-80 

H-o-io 

36*17 

52  69 

5 

14 

22-46 

-fo*44 

41*85 

01-38 

6 

18 

23*34 

-o*44 

04-36 

33*79 

5 

12 

22-76 

+0*14 

09  09 

30-20 

6 

16 

23*14 

—0-24 

10  36 

23*95 

6 

16 

23-16 

—0*26 

18-37 

15*87 

6 

19 

22-90 

O'OO 

33*44 

49*17 

5 

17 

22*69 

-|-0*2I 

10*26 

17*93 

5 

14 

23*08 

—0*18 

26 -79 

45*78 

5 

14 

22*83 

+007 

Indiscriminate  mean  =  38^^  51'  22^^-89. 
Weighted  mean  =38   51   22  -90  ±0^*06. 

^==±0^*48. 
88  observations,  16  pairs. 

[Reduction  to  geodetic  station  o^'oo.] 
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8.  KANSAS-COLORADO  SERIES — Continued. 

( 48 )  Latitude  at  Wallace ^  Kansas,  E.  Smith.  Transit  No.  4.  October  8-14, 1885.  One  division  of 
level  =  2'^'  I ,  determined  at  office  July,  1881 .  One  turn  of  micrometer  =  41'^ -366,  from  latitude  observa- 
tions at  this  station. 


Pairs  of  stars. 

Adopted 
mean 

seconds  of 
N.  P.  D. 

n' 

w 

Latitude. 

V 

ff 

// 

0     /       // 

// 

6  615 

6  662 

13*28 

24-82 

4 

4 

38  54  44  -62 

—0-24 

6  690 

6  734 

52*61 

41-46 

4 

4 

44-86 

—0-48 

6783 

6  852 

55-68 

42  80 

4 

4 

45-19 

— o-8i 

6  926 

(3  331) 

15-85 

31-19 

4 

4 

44-23 

+015 

(3  358) 

6  976 

58-16 

01-93 

5 

5 

44  27 

+0-II 

6  986 

6  990 

25  84 

27-38 

3 

4 

43-31 

4-1 -07 

7  022 

7  061 

39*62 

12*90 

5 

5 

45-01 

—0-63 

7098 

7  146 

32  39 

54-86 

6 

5 

43  56 

-fo*82 

7  164 

7  233 

04 '86 

43-95 

5 

5 

43-75 

+063 

7  961 

(3865) 

25  30 

40 -57 

5 

5 

44-34 

+0*04 

8  031 

8  074 

5662 

03-10 

5 

5 

43-88 

+0*50 

8  159 

8  224 

48*16 

53  73 

5 

5 

43-98 

40-40 

8  296 

8  310 

0671 

25-91 

5 

5 

4603 

~i-65 

(4  038) 

(4043) 

47-48 

14-02 

5 

5 

44-04 

+034 

(4  052) 

8366 

II  X)6 

35 -lo 

4 

4 

44*79 

—0-41 

7 

32 

04-66 

58-83 

5 

5 

44*34 

+ox>4 

Indiscriminate  mean  «=  38°  54^  44^*39* 
Weighted  mean  =38   54  44  -38dro''-i2. 

^  =  rfc  o^-66. 
74  observations,  16  pairs. 

[Reduction  to  geodetic  station  o^^'oa] 
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8.  KANSAS-COLORADO  SBRiBS — Continued. 

(49)  Latitude  at  Adobe,  Colorado.  O.  H.  Tittmann.  Zenith  telescope  No.  4.  July  28  to  August  4, 
1 88 1.  One  division  of  level  =  0^^*896;  from  observations  at  this  station.  One  turn  of  micrometer 
=  44^^712,  from  observations  on  Polaris  at  this  station. 


Pairs  of  stars. 

Adopted 
mean 

seconds  of 
N.  P.  D. 

/f 

// 

5667 

5  731 

31-95 

51  '12 

5  821 

5 

840 

22-86 

22   36 

5  874 

5 

886jr 

28  80 

36-70 

5  927 

5  990 

08  60 

47*25 

6  062 

*6  082 

28-44 

58-62 

6  068 

»6  082 

08*12 

58  62 

(2898) 

6 

235 

57*33 

08*07 

*6  355 

*6 

355 

34  79 

34*79 

6  397 

6 

463 

59  91 

24-61 

6  542 

6 

551 

58-18 

08-44 

6623 

6 

674 

02-44 

30*34 

6  754 

(3 

233) 

24-41 

16-41 

6  779 

(3 

258) 

32  92 

09-04 

(3  267) 

(3 

294) 

44-24 

18-30 

6  879 

6 

895 

28  49 

33*41 

6  928 

6 

979 

08-25 

41-41 

6  990 

7 

022 

II  -11 

24*85 

7098 

7 

173 

20-46 

05*43 

(3  475) 

7 

241 

4476 

18*48 

7  256 

7  294 

39-88 

59*34 

4 
5 
5 
5 
4 
4 
4 
5 
4 
4 
4 
4 
4 
3 
4 
4 
4 
4 
4 
3 


w 

9 
10 

10 

10 

6 

6 

9 
7 
9 
9 
9 
9 

9 

8 

9 
9 
9 
9 

9 

8 


Latitude. 


38  40 


Indiscriminate  mean  =  38°  40'  37'''*54. 
Weighted  mean  =38    40  37     53  i  c/^'orj. 

e-=±:  0^-46. 
82  observations,  20  pairs. 

[Reduction  to  geodetic  station  -\-  o^'oi.] 


// 

// 

37*67 

—0*14 

38  20 

—0*67 

36-87 

-f-o-66 

37  56 

-003 

37*68 

-0*15 

37*74 

-0-2I 

37*18 

+035 

37*28 

TO  25 

37*95 

-0-42 

38-04 

-0*51 

3698 

-1-0-55 

36 -44 

-f  109 

37*65 

—0-12 

38*30 

-o*77 

38*03 

—0*50 

37*37 

-ho -16 

37*31 

-fO'22 

37-68 

— 015 

37*83 

-030 

36 -97 

-ho  56 
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8.  KANSAS-COLORADO  SERIES — continued. 

(50)  LcUiOuie  at  El  Paso  East  Base,  Colorado.  O.  H.  Tittmann.  Meridian  telescope  No.  3. 
September  25  to  October  3, 1879.  One  division  of  level  =  i  '^'866,  from  observations  at  this  station.  One 
turn  of  micrometer  =  63'''' 793,  from  circumpolar  observations  at  this  station. 


Pairs  of  stars. 

Adopted 
mean 

seconds  of 
N.P.D. 

n' 

w 

Latitude. 

V 

ff 

// 

0      / 

// 

ff 

6  574 

6  583 

53-68 

47*37 

4 

6 

3857 

16-58 

-1-0-32 

6  69U 

(3  190) 

3675 

07  46 

5 

16  -41 

+0-49 

6  731 

6  784 

18-95 

10-53 

5 

17-42 

—0-52 

6  867 

6  901 

3675 

0 

16  49 

5 

17  "oo 

— O'lO 

7  022 

7  061 

47-37 

23-09 

5 

17  -12 

— 0-22 

[1  819] 

7  126 

07*39 

28-77 

5 

15*98 

4-0-92 

(3  475) 

7  253 

II  -40 

12-85 

5 

16-88 

-I-0-02 

7  275 

(3  523) 

27*59 

28-41 

5 

16-77 

-fO-13 

7  399 

7  402 

37-17 

45-61 

5 

16-74 

-ho -16 

7  455 

7  465 

33-13 

15-20 

5 

16-30 

-fo-6o 

7  505 

7  521 

28  30 

45-87 

5 

17*78 

088 

7  733 

7  749 

58-08 

41-72 

5 

17-04 

—0-14 

7  800 

7  843 

20  44 

45*55 

5 

17*95 

—I  -05 

7  901 

7  915 

45-08 

22-50 

5 

17-26 

—0-36 

7  945 

7  961 

14-59 

20-37 

4 

6 

16 -08 

+0-82 

Indiscriminate  mean  = 

38' 

'57' 

16^ 

-89. 

Weighted  mean          = 

38 

57 

16 

•90zbo'''-10. 

e  = 

-4- 

c/^*45 

• 

73  observations,  15  pairs. 

[Reduction  to  geodetic 

station 

-rC'-i 

5.] 

Q.    ROCKY    MOUNTAIN 

SERIES 

• 

(51)  Latitude  at  Colorado  Springs,  Colorado,  E.  Smith.  Meridian  telescope  No.  13.  August 
30  to  September  )  1,  1873.  One  division  of  level  =  2''''-53,  determined  at  office  in  August,  187 1.  One 
turn  of  micrometer  =  lY^'ll^y  from  circumpolar  observations  at  this  station. 


Pairs  of  stars. 

Adopted 
mean 

seconds  of 
N.  P.  D. 

// 

// 

6  397 

6  463 

29*30 

59-50 

6487 

6  508 

09-53 

28-45 

6  520 

6  571 

38*40 

37-58 

6583 

6589 

23  20 

55*40 

6623 

6657 

55*14 

52 -88 

6  690 

6  734 

19-70 

20-52 

6758 

6  824 

50  62 

00 -47 

6  862 

6  868 

19*01 

44*60 

6  890 

6  932 

25*50 

22-47 

6  943 

6  959 

04*83 

04*37 

6  990 

7  022 

39*28 

55*04 

7098 

7  149 

56*24 

04*33 

7  204 

7  253 

15*75 

33*54 

7  333 

7  399 

40-20 

06-50 

n' 


5 

5 

5 
6 

5 
6 

3 

3 

5 

5 

5 
6 

4 
5 


w 


5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 


Latitude. 


// 


38  49 


59*46 

59*87 
60-86 

60-43 

60  67 

59*64 
60*26 

59*80 

59*36 

61  '29 

61-28 
60 -So 

59-99 

61  'OQ 


V 

ff 
-I-0-88 
-fo*47 
—0*52 
—0*09 
-0*33 
-ho  70 
-ho  08 

+0-54 
4-0-98 

-0-95 
-0*94 

—0*46 

-fo-35 
-075 


Indiscriminate  mean  =  38®  50^  oo''-34. 
Weighted  mean  =38    50  00   •34^0^^*12. 

^=  ±0^^*40. 
68  observations,  14  pairs. 

[Reduction  to  geodetic  station  o'''*oo.] 
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9.  ROCKY  MOUNTAIN  SERIES — continued. 

(52)  Latitude  at  Pikes  Peak,  Colorado.  R.  L.  Fans.  Zenith  telescope  No.  6.  July  1910  August 
4,  1895.  One  division  of  level  =  2''*  17,  determined  at  office  January,  1893.  One  turn  of  micrometer 
=  76''' '204,  from  observations  on  Polaris  at  this  station. 


Pairs  of  stars. 


Adopted  seconds  of 
mean  N.  P.  D. 


n' 


w 


L^ititude. 


5  348 
5  460 

5  545 
5667 
5  821 
5  871 

5  978 

6  073 
6  109 

(2  888) 
6  246 
6  348 

6  469 
6  520 

6583 
6656 

6  731 
6  890 

6  990 

[I  819] 


5  426 
5  496 
5  621 

5  731 
5  840 

5  927 

5  991 

6  091 

(2  874) 
(2898) 

(2  950) 

6387 
6  460 

6  571 
6589 
6  698 

6  784 

6  970 

7  022 
7  126 


// 

// 

0     /       // 

• 

// 

15-48 

3669 

I 

3 

38  50  26  82 

-fi-o7 

25-54 

00-60 

I 

3 

27 -43 

-fo-46 

17-04 

32-62 

2 

5 

27-92 

—0*03 

02  'OO 

08-28 

2 

5 

27  94 

-005 

2372 

21 '43 

3 

6 

28-11 

— 022 

22   59 

48-66 

4 

7 

28 -54 

—0-65 

41*93 

56 -22 

5 

8 

27-79 

-fo'io 

59 -60 

55-76 

6 

9 

28*22 

o*33 

38-46 

43-30 

5 

8 

27  07 

-fo-82 

17*55 

48-88 

3 

6 

29-01 

—  I  -12 

54*40 

48-38 

6 

9 

28-29 

-0-40 

05-54 

15-28 

7 

9 

28 -75 

-0-86 

10 -00 

58-33 

7 

9 

27-90 

— o-oi 

50-74 

30*34 

7 

9 

27-73 

-i-o-i6 

10  99 

41-79 

7 

9 

27*33 

-f-o-56 

00-57 

13-13 

4 

7 

27*54 

-^0-35 

15*74 

59-98 

6 

9 

27*42 

4-0*47 

48*02 

22*66 

5 

8 

28-58 

—0*69 

37-00 

45*86 

4 

7 

27  56 

+033 

53-26 

12-82 

3 

6 

27*02 

+0-87 

Indiscriminate  mean  =  38°  50^  27'''' '85. 
Weighted  mean  =  38    50  27  *89  rh  ©^''•09. 

^  =  ±  o''-55- 
88  observations,  20  pairs. 

[Reduction  to  geodetic  station  o'''-oo.] 
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9.    ROCKY   MOUNTAIN  SERIES-^-COlltiuued. 

(53)  Latitude  at  Mount  Ouray^  Colorado.  R.  L.  Paris.  Meridian  telescope  No.  3.  July  7-23, 
1894.  One  division  of  level  =  i''^' 186,  determined  at  office  April,  1894.  One  turn  of  micrometer 
s=  65'' "078 ,  from  circumpolar  observations  at  the  station. 


Pairs  of  stars. 

mean  N. 

P.  D. 

ft' 

u'             Latitude. 

V 

// 

// 

0    / 

// 

// 

4  936 

4  951 

4075 

32*59 

I 

•4          38  25 

17*50 

-fi*i5 

5098 

5  177 

43  73 

10-87 

I 

4 

19-42 

0-77 

5  248 

5  252 

55*04 

12-18 

2 

5 

18-54 

-fo-ii 

5  287 

5  319 

09  42 

35*77 

2 

5 

20-38 

-1*73 

5  479 

5  552 

04*21 

39*50 

3 

6 

19-06 

—0*41 

5667 

5  731 

55*59 

02  -78 

2 

5 

18-70 

—0*05 

5  823 

5  841 

17*37 

13*66 

4 

6 

18 -81 

— o-i6 

5  860 

5  937 

41-41 

12*56 

4 

6 

19-40 

-0-J5 

5  975 

6  021 

0979 

02*15 

6 

7 

18-19 

+0*46 

6  052 

6  073 

38*09 

58-82 

6 

7 

18-36 

+0*29 

6  134 

6  185 

2672 

42*16 

6 

7 

18-90 

—0*25 

6  245 

6  289 

35*56 

38-81 

6 

7 

18*64 

-f-O'OI 

6  395 

6  438 

04*34 

09-02 

5 

7 

18-83 

—0*18 

6  476 

6  547 

23*87 

16 -81 

4 

6 

17-78 

+0-87 

6  595 

6  662 

44*27 

22  -72 

6 

7 

18*46 

+0-19 

6  701 

6  735 

45*28 

09*11 

5 

7 

18*09 

4-0*56 

6  748 

6  810 

28-51 

33*23 

2 

5 

1903 

—0  -38 

6  856 

6883 

33 -16 

31*84 

3 

6 

18*00 

-fo-65 

6  932 

6  952 

44-63 

30-68 

4 

6 

18*46 

4-0*19 

7098 

7  107 

44*17 

28-97 

4 

6 

18 -34 

4-0-31 

7  146 

7  220 

02  70 

22  64 

4 

6 

19*05 

—0-40 

7  246 

7  278 

59*65 

42-66 

4 

6 

18 '80 

— 015 

Indiscriminate  mean  =  38®  25'  18^^-67. 
Weighted  mean  =38    25    18   -65^0^^-08. 

84  observations,  22  pairs. 

[Reduction  to  geodetic  station  —  0^^-66.] 
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9.  ROCKY  MOUNTAIN  SERIES — continued. 

(54)  Latitude  at  Treasury  Mountain,  Colorado.  John  Nelson.  Meridian  telescope  No.  3. 
September  4-10,  1893.  One  division  of  level  =  i'''94.  One  turn  of  micrometer  =  63^^ -872 ,  from  cir- 
cumpolar  observations  at  this  station. 


Pairs  of  stars. 


Adopted  seconds  of 
mean  N.  P.  D. 


n* 


w 


Latitude. 


V 


6  238 
6348 
6  453 
6  574 
6  623 

• 

6  690 
6  722 
6  928 

6  990 
[I  819] 

7  194 
7  256 

7  333 
7  455 
t3  597 
7  585 
7  733 
7  807 

7  932 


6  255 
6  438 
6  522 

6583 
6  674 

(3  190) 
6  769 

6  966 

7  027 
7  126 

(3  480) 
7  278 
7  399 
7  465 
7  568 
7  631 

7  749 

7  848 

[2063] 


ff 

// 

0     /       // 

// 

50-49 

57*37 

4 

39  00  48  -61 

—0*60 

10-87 

13*15 

4 

47*50 

+0*51 

2478 

41  -82 

4 

48-72 

—0*71 

52  -62 

23-08 

4 

48-14 

-0-13 

44-38 

05*69 

5 

47*78 

+0*23 

5378 

21-65 

6 

47  96 

+005 

33-98 

oi  -64 

5 

47*23 

-fo-78 

02 '08 

04-70 

6 

48-69 

-^•68 

59-09 

5854 

6 

47*32 

4-0-69 

16-49 

37*54 

5 

48-36 

0-35 

15-09 

44-85 

6 

48-62 

— o*6i 

57-37 

56-40 

5 

47*99 

-f0*02 

56-80 

08-71 

5 

46-95 

-fio6 

56-48 

36-17 

5 

48*02 

— o*oi 

22    25 

26-79 

3 

46-96 

-f  1*05 

40-30 

22-49 

5 

48-21 

— 0*20 

52-59 

34*41 

5 

47*73 

4-0*28 

32-86 

57*07 

5 

48*08 

—0*07 

32-45 

46*10 

5 

48-38 

-0-37 

Indiscriminate  mean  =  39°  00^  47^^*96. 
Weighted  mean  =39  00  48   -01  ±:  0^^*08. 

^=  4:c//-38. 
93  observations,  19  pairs. 

[Reduction  to  geodetic  station  4-  ©''"Ss.] 
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9.  ROCKY  MOUNTAIN  SERiBS — Continued. 

(55)  Latitude  at  Gunnison^  Colorado,  J.  Nelson.  Meridian  telescope  No.  3.  October  9-1 1,  I893. 
One  division  of  level  =  i^' '94,  One  turn  of  micrometer  =63'' -894,  from  the  latitude  observations  at 
this  station. 


2V  Latitude.  v 


Pairs  of  stars. 

Adopted 
mean  ] 

seconds  of 
N.  P.  D. 

ff 

// 

6879 

6895 

30  -89 

35*C9 

6  928 

6  979 

02  -08 

30*64 

(3  383) 

7  029 

55-68 

18*90 

7  188 

[I  861] 

43*95 

59*58 

7  246 

7  278 

.   12-94 

56*40 

7  345 

7368 

54-14 

42  94 

7  401 

(3  590 

05 '57 

17*36 

7  555 

7585 

51  96 

40*30 

7  598 

7  623 

08*09 

26  97 

7676 

7  706 

01-38 

39*14 

7  733 

7  778 

52  59 

24*22 

7  798 

7  855 

30*54 

03*64 

(3807) 

7  958 

42*53 

48-32 

(3  854) 

8  052 

10*90 

33*44 

8  141 

8  224 

26*22 

17*93 

3 
3 
3 
3 
3 
3 
3 
3 
3 

3 

2 

3 
3 
3 
3 


38  32  45 -oi  —0*15 

45  '08  — O  *22 

45*02  — o*i6 

45  -40  -o  *54 

44  -24  -fo  -62 
44-67  -fo*i9 

45  '19  -o  -33 
45  "32  ~o  *46 
44  *2o  -fo  -66 
44  '62  +0  -24 

44  -63  +0  -23 
45*21  -0-35 

45  '13  — o  *27 
45  *66  — o  -80 

43*56  +1-30 


Indiscriminate  mean  =38°  32''  44''*86. 
Weighted  mean         =38    32    -44  *86=fco^''*io. 

e=  =ho^'*2i. 
44  observations,  15  pairs. 

[Reduction  to  geodetic  station  —  0^^*45.] 
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9.  ROCKY  MOUNTAIN  SERIES — Continued. 

(56)  Latitude  at  Uncompahgre,  Colorado,  J.  Nelson  and  R.  L.  Fans.  Meridian  telescope  No.  3. 
September  5-1 1,  1895.  One  division  of  level  =  i^'-i86,  determined  at  office  April,  1894.  One  turn 
of  micrometer  =65^^*052,  from  circurapolar  observations  at  this  station. 


Pairs  of  stars. 

Adopted  seconds  of 
mean  N.  P.  D. 

n' 

w 

// 

// 

6  030 

6  079 

40-05 

39  25 

4 

9 

6  109 

6  147 

38-46 

II  -46 

4 

9 

6  185 

6  231 

41-19 

59  42 

5 

10 

6  300 

6  350 

12  -61 

4770 

5 

10 

6  427 

6  475 

11*93 

31-85 

5 

10 

(3068) 

6  543 

00-10 

25*52 

5 

10 

6  602 

6  623 

49-11 

31*33 

5 

.    10 

6637 

(3  190) 

20-72 

06-48 

5 

:o 

6  794 

6  847 

16*24 

06-65 

5 

10 

6895 

6  943 

15-29 

14-76 

5 

10 

6  975 

(3  372) 

24  -34 

52-89 

4 

9 

7  067 

7  112 

54  70 

00  36 

5 

10 

7  158 

7  213 

31 '17 

42-39 

5 

10 

7  262 

7  275 

07-97 

48-73 

6 

II 

'7368 

7  455 

1370 

25-49 

5 

10 

7  522 

7  564 

07-45 

56-08 

5 

10 

7  631 

xs  047 

48-85 

19-80 

4 

9 

+  4  671 

7  746 

14-38 

43*57 

6 

II 

Latitude. 


38  04 


Indiscriminate  mean  =  38°  04'  i6^'''39. 
Weighted  mean  =38    04    16  -39^=0^^-08. 

e  =  ±z  o'^-48. 
88  observations,  18  pairs. 

[Reduction  to  geodetic  station  -f  0^^*29.] 


ff 


5*40 
6  63 
7*16 
6-63 
6-65 
5-81 
5*77 
6-34 
6-39 
6*97 

6-39 
6-83 

6*90 

5*88 

6-31 

5*84 
6-65 
6-40 


V 

// 
-1-0-99 

— 024 
-0-77 
-o  24 
—0*26 
-TO  -58 
-^-0*62 
-0-05 

O'OO 

-0-58 

O'OO 

-0-44 
—0-51 
-^0-51 
4-0-08 
^-0  -55 

—0*26 

— O  'OI 


X  Bonn,  Durchmusterung  2u°. 


t  Bonn,  Durchmusterung  25°. 
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9.   ROCKY  MOUNTAIN  SERIES — continued. 

(57)  Latitude  at  Grand  Junction ,  Colorado.  C.  H.  Sinclair.  Transit  No.  4.  July  1^27,  1886. 
One  division  of  level  =  2^'*  123,  determined  at  office  July,  1881.  One  turn  of  micrometer  =  4i'''''334,  from 
latitude  observations  at  this  station. 


Pairs  of  stars. 

5  122 

-5  178 

5  130 

*5  178 

5  234 

(2  455) 

5  313 

5  322 

5  348 

5  426 

5  918 

(2  761) 

5  978 

5  991 

6  079 

6  106 

6  203 

6  235 

6  268 

6  355 

6  395 

6  453 

6  520 

6  534 

6  574 

6583 

6  582 

6  640 

6  667 

6  718 

6758 

6  824 

6  849 

6857 

6897 

6  970 

6  968 

(3  372) 

7  022 

7  061 

[I  819] 

7  126 

7  140 

7  215 

Adopted  seconds  of 
mean  N.  P.  D. 


n* 


w 


Latitude. 


Indiscriminate  mean  =  39®  03^  59'''*39- 
Weighted  mean  =  39    03  59  '39  ib  o^'orj. 

<?=rbo^-43- 
68  observations,  22  pairs. 

[Reduction  to  geodetic  station  o'^'oo.] 


V 


// 

// 

0    /        // 

tf 

40-64 

36-97 

I 

3 

39  03-  59  -74 

-0-35 

48-13 

36-97 

4 

7 

5987 

—0*48 

20-91 

54*12 

2 

7 

59*24 

-rO-i5 

40-12 

42-67 

5 

12 

60  13 

-0-74 

48-23 

12 -80 

6 

13 

^59•42 

—0-03 

09  39 

36  39 

4 

II 

60 '37 

—0-98 

16-88 

39-08 

2 

7 

59  78 

0-39 

33  73 

12-50 

2 

7 

59*59 

— 0*20 

44-99 

11*13 

2 

7 

59 -»9 

--0-20 

16 '22 

19*00 

4 

II 

59-39 

0-00 

32-67 

55  -23 

4 

II 

59-11 

-fo*28 

35*37 

32-32 

4 

II 

59-21 

4-0 -18 

13 '45 

05  36 

2 

7 

58-57 

+0-82 

59  55 

13*28 

2 

7 

59-15 

-ho -24 

37  07 

12*70 

4 

II 

58-94 

-fo-45 

• 

01-33 

03-64 

3 

9 

59*75 

—0*36 

57-65 

17-63 

4 

II 

58-55 

-fo-84 

16*24 

59*54 

2 

7 

59*58 

—0*19 

20-94 

33*37 

2 

7 

5869 

4-0-70 

28-26 

01  *22 

3 

9 

59*69 

—0*30 

40-98 

03  97 

3 

9 

59-93 

-0-54 

54-65 

45  29 

3 

9 

58-73 

-fo-66 
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9.  ROCKY  MOUNTAIN  SERIES — Continued. 

(58)  Latitude  at  Tavaputs,  Colorado.  P.  A.  Welker.  Meridian  telescope  No.  3.  October  4-9, 
1891.  One  division  of  level  =  i^''94.  One  turn  of  micrometer  =  63*863,  from  latitude  observations  at 
this  station. 


Pairs  of  stars. 

Adopted  seconds  of 
mean  N.  P.  D. 

// 

// 

6  623 

6  637       . 

57*43 

47*55 

6  690 

6697 

08-51 

08 -61 

6  718 

6  722 

34-00 

49-64 

♦6  868 

6  932 

52  33 

15*73 

*6  868 

6  970 

52-33 

05*91 

6  979 

(3  372) 

52-44 

37*57 

7  037 

7  065 

06 -26 

07*95 

(3  437) 

7  174 

02 -61 

23*75 

7  204 

7  233 

16-38 

24-61 

♦7  277 

7  320 

08-56 

24*12 

*7  277 

7  336 

08  56 

II  -30 

7  401 

7  437 

35  63 

38-67 

7  453 

7  544 

12  -14 

15*49 

7  560 

7568 

28-17 

59*05 

7  590 

*7  699 

34*56 

38-10 

7  606 

*7  699 

15-92 

38-10 

7  733 

7  755 

27*74 

23 -22 

7  798 

7  815 

06-59 

01-44 

7  855 

7  923 

40-48 

55*84 

7  958 

7  961 

26-18 

31*13 

7  997 

8  054 

56-06 

09  57 

8  125 

8  141 

21  -70 

05*56 

8  177 

[2  145] 

11*35 

04  *85 

8  268 

8  296 

18-96 

06  77 

8  359 

8 

09-60 

38*41 

(34) 

58 

37  '07 

09-04 

6 
6 

5 
6 

6 

6 

6 

5 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 


w 

31 

31 
28 

18 

19 
28 

22 

18 

30 

13 
21 

22 

25 

25 

13 
20 

23 

31 

31 

31 
28 

23 

2 

18 

23 

30 


Latitude. 


o       / 

39  32 


// 
17*35 
17*77 
17*53 
17*30 
17*03 
17*32 
17*36 
17*51 
17*32 

17*97 
17-71 
17*16 

17*23 
17*17 

17  "62 

16*93 
17*50 

17*83 
17*14 

17*25 
17*33 
17*14 
17*34 

17  *2I 
17*52 

16-86 


V 

ff 

O'OO 

—0*42 
— o'i8 
4-0-05 
+0-32 
-f-o-o3 

— O'OI 

—0*16 
+0*03 
—0*62 
—0*36 
+0*19 

-fo*I2 

-fo-i8 
—0*27 
-fo-42 

— 015 
—0-48 

4-0*2I 
-f-O'IO 
-fO-02 

-fo-2r 
-fo'or 

-fo*i4 
—0*17 
-fo-49 


Indiscriminate  mean  =  39°  32'  17'' -36. 
Weighted  mean  =39    32   17    35  rb  0^^*03. 

^  =  =fc  0^*32. 
154  observations,  26  pairs. 

[Reduction  to  geodetic  station  —  o''^-62.] 
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9.  ROCKY  MOUNTAIN  SERIES — Continued. 

{$^)  Laiilude  ai  Mount  IVaaSf  Utah.  John  Nelson.  Meridian  telescope  No.  3.  Julyi7-27, 1893. 
One  division  of  level  =  i''''94.  One  turn  of  micrometer  =  63'''*887,  from  circumpolar  observations  at 
this  station. 


Pairs  of  stars. 

mean  N.  P. 

D. 

n' 

w 

Latitude. 

V 

// 

// 

0     /       // 

// 

5  287 

5  319 

58-98 

24-89 

4 

3 

38  32  28  -24 

■fi-46 

5  341 

5  399 

12*33 

42-25 

5 

3 

31*34 

—  1-64 

5  502 

5  525 

05-65 

37-56 

4 

3 

30-55 

-0-85 

5  552 

5  619 

31*91 

49  74 

3 

3 

31*64 

1*94 

5667 

5  731 

49  16 

57-20 

4 

3 

30-04 

-0-34 

5  823 

5  841 

12*95 

09-53 

5 

3 

29-91 

— 0-2I 

5  874 

5  886jf 

1379 

19  03 

5 

3 

29*38 

-f-O-32 

5  9" 

5  931 

00  54 

53" 

4 

3 

28-73 

+0-97 

5  962 

5  990 

55*97 

12  -04 

6 

3 

29-08 

+062 

6  052 

6  073 

37-12 

58-03 

6 

3 

29  32 

+0-38 

(2  858) 

6  162 

18 -So 

06-07 

3 

3 

28-90 

-fo-8o 

{2898) 

6  235 

50  28 

01  '22 

5 

3 

29-81 

— o-ii 

6348 

6387 

10-87 

21-73 

3 

3 

30*17 

-047 

6  429 

6  475 

41-19 

41-04 

6. 

3 

30-10 

—0-40 

6  522 

6574 

41-75 

32-54 

6 

3 

29-30 

+0-40 

6  640 

6654 

26-27 

40-11 

4 

3 

2936 

+0-34 

6  701 

6  735 

52  70 

15-19 

4 

3 

29 -24 

4-0-46 

6  748 

6  810 

36-90 

42*21 

5 

3 

30-53 

-0-83 

6857 

6875 

II  -oo 

01  -lo 

6 

3 

28-76 

-fo-94 

6  928 

6  979 

02-09 

3064 

5 

3 

29*85 

0-15 

(3  383) 

7  029 

55-68 

18-90 

5 

3 

29-22 

-f-0-48 

(3  415) 

[I  819] 

23  85 

18-63 

4 

3 

29-91 

—0-21 

Indiscriminate  mean  =  38®  32^  iof"jo. 
Weighted  mean  ^=38    32  29 -70  dr  0^-12. 

^  =  =b  0^-45. 
102  observations,  22  pairs. 
[Reduction  to  geodetic  station  -f  o^'88.] 
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9.  ROCKY  MOUNTAIN  SERIES — continued. 

(60)  Laiittide at  Green  River,  Utah.  C.  H.Sinclair.  Zenith  telescope  No. 6.  July  28-31,  1898. 
One  division  of  level  =  2'''i72,  determined  at  office  January,  1893.  One  turn  of  micrometer  =  76'''*227, 
f  1  om  the  latitude  observations  at  this  station. 


Pairs  of  stars. 

mean  N. 

P.D. 

W 

w 

Latitude. 

V 

ff 

// 

0     /       // 

// 

5  574 

*5  597 

42-32 

40-55 

3 

9 

38  59  23  -33 

+0-56 

5  575 

*5  597 

15  09 

40-55 

3 

8 

23  51 

+0*38 

5667 

5  693 

21  -26 

46*27 

4 

16 

24*16 

—0*27 

5  714 

*(2  690) 

23  54 

00*24 

4 

11 

23-83 

+006 

(2  658) 

*(2  690) 

02*62 

00*24 

4 

10 

23  58 

-fo-31 

(2  709) 

(2   721) 

22 -So 

16*41 

4 

13 

23 -66 

+0-23 

5  860 

(2   732) 

56*51 

57-04 

4 

9 

24-77 

-0-88 

5  940 

5  972 

39*88 

00*24 

4 

16 

23  92 

—0*03 

5  978 

5  991 

50  27 

01  -87 

4 

16 

24  29 

— c  '40 

6  005 

(2804) 

40  39 

19*76 

4 

12 

24-20 

—0*31 

*6  079 

6  no 

41  '20 

00*07 

4 

II 

24  04 

—0*15 

♦6  079 

6  157 

41  -20 

06*03 

4 

II 

23 -79 

-fo*io 

♦6  246 

(2  949) 

49  96 

57  74 

4 

II 

23  89 

O'OO 

*6  246 

(2  950) 

49  96 

42-57 

4 

II 

24*01 

—0*12 

6355 

(2996) 

40*80 

08*63 

3 

14 

23  42 

+0*47 

[1586] 

(3  021) 

5686 

34-64 

4 

8 

23-48 

+0-41 

Indiscriminate  mean  =  38®  59^  23'^*87. 
Weighted  mean  =38    59    23  •89±:0*'*o6. 

<?  =  d=o''*33. 
61  observations,  16  pairs. 
[Reduction  to  geodetic  station  0^*00.] 
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9.  ROCKY  MOUNTAIN  SERIES — Continued. 

(61 )  Latitude  at  Patmos  Heady  Utah,  P.  A.  Welker.  Meridian  telescope  No.  3.  September 
22  to  October  20,  1890.  One  division  of  level  =  1^^*94.  a  mean  of  several  determinations.  One  turn  of 
micrometer  =63^^*888,  from  the  latitude  observations  at  this  station. 


Pairs  of  stars. 

6589 

6  640 

6656 

6  667 

6  690 

6697 

6  714 

6  734 

6  754 

6  784 

6852 

6  901 

6  928 

6  940 

6  979 

(3  372) 

7  027 

7  061 

7  067 

7  091 

(3  437) 

7  174 

7  204 

7  233 

♦7  277 

7  320 

*7  277 

7  336 

7368 

7  411 

7  495 

7  520 

*7  56o 

7568 

♦7  560 

7  623 

7  659 

7  686 

7  733 

7  755 

*7  8i4 

7  857 

♦7  814 

7  874 

(3  799) 

7  945 

7  997 

8  054 

8  125 

8  141 

8  211 

8  224 

Adopted  seconds  of 
mean  N.  P.  D. 


// 
"•53 
34*39 
15-87 
43  92 

10 '02 

55-66 
33-68 

03-34 
32  ^i 

53-91 
14-98 

29-71 
22*29 
22  '29 
26*80 

31  99 
44-49 
44*49 
35-17 
45-31 
50  55 
50  55 
32 -74 
15-29 
41-40 
40*28 


// 

46-43 
09  30 

16*15 

00*49 

41-04 

25  94 
18*15 

4873 
14 '45 
03 -39 
36-51 
37-84 

38 -22 
28*86 

18-43 

33  90 

15-17 
17*11 

37*44 
40  90 

29*62 

25-05 
47*27 

28-97 
25*22 

16-36 


7 

4 

7 
6 

6 

6 

6 

6 

6 

6 

6 

6 

5 
6 

6 

6 

5 

5 

5 

5 

5 

5 

5 

5 

5 
6 


w  Latitude. 

13  39  29  57 -29 

12  56  *32 

13  57  -40 
13  57  01 
13  56  -37 
13  57  -60 
13  57  00 
13  56  -83 
13  56  -48 
13  57  -49 
13  57  -13 
13  57  -23 

8  '  56-63 

9  56  -56 
13  56  -84 
13  57  -63 

8  57  -28 

8  57  *io 

12  57  *28 

12  57  -32 

8  57*54 

8  57  *62 

12  57  -53 

12  57  -75 

12  57  *o4 

13  57  -55 


// 
—0*14 

+0*83 
—0*25 
-fo*i4 
+0*78 
-o*45 

-f-o*i5 

+0-32 
+0*67 

~o*34 
+0*02 
—0*08 
-1-0*52 

+0-59 
+0*31 

—0*48 

—0*13 

-ho  05 

—0*13 

—0*17 

-o*39 

-0-47 
—0-38 
— o*6o 
+0*11 
•40 


14. 

15  =t  0^^-06. 


Indiscriminate  mean  =  39®  29^  57'^ 
Weighted  mean  =39    29  57 

^=d:  0^^*32. 
146  observations,  26  pairs. 

[Reduction  to  geodetic  station  —  i^'-8i.] 
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9.  ROCKY  MOUNTAIN  SERIES — continued. 

(62)  Latitude  at  Mount  Ellen^  Utah.  P.  A.  Welker.  Meridian  telescope  No.  3.  August  17-24, 
1891.  One  division  of  level  =  i'''94.  One  turn  of  micrometer  =  63'''' '800,  from  circumpolar  observa- 
tions at  this  station. 


Paii^  of  stars. 

Adopted 
mean 

seconds  of 
N.  P.  D. 

«' 

w 

Latitude. 

V 

// 

// 

0     /      // 

// 

5  740 

5 

802 

55-28 

56  82 

7 

10 

38  07  24  -53 

-t-o-i3 

(2  717) 

5 

886iir 

36 -21 

12  -lo 

7 

10 

25  02 

—0-36 

5  917 

5  991 

36-02 

48-64 

6 

10 

24-42 

-fo-24 

6  033 

6 

052 

26 'lO 

35-14 

6 

10 

24-57 

+009 

6  089 

6 

122 

28  93 

04  96 

5 

10 

24-88 

— 0-22 

6  134 

6 

185 

27*06 

45-09 

5 

10 

25-33 

—0*67 

6  213 

6 

243 

03  41 

01  -25 

5 

10 

23-96 

-0-70 

6  245 

6 

289 

40-34 

44-82 

5 

10 

25-23 

0-57 

6  300 

6 

350 

21-39 

58-68 

5 

10 

24  65 

-jo  -01 

[I  586] 

6 

453 

24-10 

33-50 

5 

3 

23-64 

-j-I  -02 

6  475 

6 

491 

50 -22 

35-06 

5 

10 

24-81 

—0-15 

6583 

6 

654 

35-17 

53-79 

4 

10 

24*47 

-foi9 

6  698 

6 

718 

43-04 

34-00 

5 

10 

24-64 

-f0  02 

6  745 

6 

784 

01   05 

32-81 

5 

10 

24-12 

-fO-54 

6835 

6 

856 

58-15 

01  -48 

5 

10 

24-42 

+0-24 

6  912 

6 

928 

58  30 

23-15 

5 

10 

24-76 

— o-io 

6  975 

(3  372) 

07-79 

37*57 

5 

10 

24*41 

-fo-25 

7  067 

112 

42  05 

49*23 

5 

10 

24*70 

—0*04 

7  158 

213 

21*45 

34  -83 

4 

10 

24-00 

+0-66 

7  320 

336 

24*12 

11-33 

5 

10 

<25-23 

0-57 

7  385 

398 

II  '22 

43-80 

5 

10 

25*59 

-0-93 

7  437 

468 

38-67 

29-87 

5 

10 

24*43 

4-0-23 

Indiscriminate  mean  =  38®  07^  24^^-63. 
Weighted  mean  =38   07   24   -66^0^^-06. 

^  =  ^0^^-26. 
114  observations,  22  pairs. 
[Reduction  to  geodetic  station  4-0^^*48.] 
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9.  ROCKY  MOUNTAIN  SERIES — continued. 

(63)  Latitude  at  Wasatch,  Utah,  P.  A.  Welker.  Meridian  telescope  No.  3.  August  5-19,  1890. 
One  division  of  level  =  i'''*94,  a  mean  of  several  determinations.  One  turn  of  micrometer  =  63^788, 
from  the  latitude  observations  at  this  station. 


Pairs  of  stars. 


Adopted  seconds  of 
mean  N.  P.  D. 


n* 


w 


Latitude. 


V 


5856 
5  922 

5  978 

6  021 
6  079 
6  203 
6  251 
6  404 
6  520 

6  574 

6589 
6  667 

6  779 
6  802 

6  849 

6 '897 

6  962 

6965 

7  061 

(3  437) 

7  171 

[I  861] 

7  275 


5917 
5  937 

5  991 

6  052 

6  io6/» 

6  235 
6348 
6  466 

6  534 

6583 
6  640 

6  718 

6  784 
6836 

6857 

6  932 
*7  029 
*7  029 
*7  158 
*7  158 

7  204 
7  246 

(3  523) 


// 

ff 

0    /       // 

// 

44-69 

32-81 

7 

12 

39  06  55  -40 

—I -08 

21  95 

01  '40 

7 

12 

54  07 

-ro-25 

28  02 

46-74 

6 

12 

54-85 

-053 

52-91 

34-15 

7 

12 

54-24 

-f-o*o8 

35  95 

13-58 

7 

12 

53-59 

-fo-73 

4076 

05-48 

7 

12 

54*38 

— o*o6 

47-88 

18-86 

8 

13 

54-16 

-fo*i6 

35-38 

27*07 

7 

12 

54  -57  ' 

—0*25 

15-56 

11-36 

8 

13 

53*93 

+0*39 

50-14 

41  *2I 

6 

12 

54-07 

f  0  25 

12-53 

46-43 

7 

12 

54-70 

-Q-38 

08  99 

41-73 

7 

12 

54-31 

-fO'OI 

15-37 

41-04 

7 

12 

54-36 

— 0-04 

18-55 

44-34 

8 

13 

54*57 

—0*25 

20 -12 

39-59 

6 

12 

54 -oi 

+0-31 

37-98 

26*09 

7 

12 

54-94 

—0*62 

01  -41 

53-30 

7 

8 

54-28 

-ho  04 

31-77 

53-30 

7 

8 

54-32 

O'OO 

14-45 

34 -oi 

5 

7 

54-02 

-fo-30 

14-98 

34-01 

6 

8 

53-57 

■fo-7S 

45-30 

29-71 

7 

12 

54  -56  . 

—0*24 

38-70 

52-85 

3 

7 

54-09 

+0*23 

57-49 

53  00 

3 

9 

53-83 

4-0-49 

Indiscriminate  mean  =  39°  o6>'  54^*29. 
Weighted  mean  =  39   06  54  -32  ±  o*'*o6. 

e  =  ±:  &''n. 
150  observations,  23  pairs. 

[Reduction  to  geodetic  station  —  3'''-o6.] 
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9.  ROCKY  MOUNTAIN  SERIES — Continued. 


(64)  Latitude  at  Mount  Nebo,  Utah.  J.  H.  Turner.  Meridian  telescope  No.  3.  July  25  to 
August  I,  1887.  One  division  of  level  ^=^'6^  determined  at  this  station.  One  turn  of  micrometer 
==  63'''*90,  from  latitude  observations  at  this  station. 


Pairs  of  stars. 


Adopted  seconds  of 
mean  N.  P.  D. 


n' 


w 


Latitude. 


5388 

5  459 
5  496 
5  740 
5  842 
5  9" 

5  951 

6  052 

6  193 
6387 
6  476 
6  612 
6  656 

6  745 
6  856 

6  912 

7  033 
7  213 
7  294i> 
7  402 
7  495 
7  555 


5  432jif 
5  466 

5  523 
5  749 
5  871 
5  9^7 

5  967 

6  150 

6  218 
6  463 
6  571 
6615 
6  722 
6  771 

6  879 

6  976 

7  125 
7  241 
7368 

7  453 
7  528 

7  571 


V 


ff 

// 

Of             ff 

ff 

06-58 

17-82 

5 

3 

39  48  33  "52 

—0-62 

15*08 

51*50 

8 

3 

32-23 

-fo-67 

53*59 

08-97 

6 

3 

33*00 

— o-io 

33 -22 

40-58 

7 

3 

32-54 

-1-0 -36 

39  73 

53 '06 

8 

3 

34-17 

—  I  -27 

41-50 

25*55 

7 

3 

33*46 

— 056 

59*^1 

20-30 

8 

3 

33-20 

-030 

31*18 

09-26 

7 

3 

32-39 

-1-0 -51 

27*58 

27*39 

7 

3 

33-77 

—0-87 

41  -oo 

5874 

7 

3 

33*33 

-0-43 

54*41 

16-91 

7 

3 

31*33 

-fo-47 

14*13 

00-49 

5 

3 

32-58 

+032 

55*35 

20-91 

7 

3 

32-23 

+0-67 

33*72 

05-44 

6 

3 

32-72 

-fo-i8 

39*20 

29*57 

5 

3 

34-16 

-1-26 

39-02 

40-12 

7 

3 

34-13 

—  1-23 

52-27 

59*22 

7 

3 

31  71 

+  1-19 

27  -22 

58 -52 

6 

3 

33-63 

-073 

3696 

10-63 

7 

3 

31-04 

+  1-86 

45*82 

13-76 

7 

3 

32-25 

-fo-65 

19*39 

39*24 

6 

3 

32-90 

0-00 

29*62 

26-87 

7 

3 

33  46 

—0-56 

Indiscriminate  mean  =  39°  48^  32''' -90. 
Weighted  mean  =39    48  32  •90dbo'''-i2. 

^  =  ±©'''-91. 
147  observations,  22  pairs. 

[Reduction  to  geodetic  station  -f  0^-59.] 

Station  No.  65.  Gunnison y  Utah.  United  States  Geographical  Surveys  West  of  the  One  hun- 
dredth Meridian.  Lieut.  G.  M.  Wheeler,  United  States  Engineers,  in  charge.  Washington,  1877. 
Vol.  II,  pp.  99-125.  Observations  for  latitude  were  made  on  8  nights  in  November,  1872,  by  W.  W. 
Marryatt,  using  the  meridian  instrument  Wiirdemann  No.  16.  Focal  length  26  inches,  clear  aper- 
ture i^  inches.  Number  of  individual  results  for  latitude  179.  Resulting  value  for  latitude  39** 
09^  25^^-62  rb  ©'''•05. 

[Reduction  to  geodetic  station  o'''-oo.] 


TRANSCONTINENTAL   TRIANGULATION — PART   IV — LATITUDES.       69I 


9.  ROCKY  MOUNTAIN  SERIES — continued. 

(66)  Latitude  at  Ogden  Peak,  Utah.  J.  H.  Turner.  Meridian  telescope  No.  3.  September 
23-29,  1888.  One  division  of  level  =  2^^*35,  determined  at  the  office,  July,  1888.  One  turn  of  microm- 
eter =  63''^ "90,  from  latitude  observations  at  Mount  Nebo,  1887. 


Pairs  of  stars. 

Adopted  i 
mean 

^conds  of 
N.  P.  D. 

ft' 

w 

latitude. 

V 

// 

// 

0     /    //    // 

// 

6623 

6  648 

16  98 

5052 

7 

9 

41  II  59-50 

-fo-io 

6  754 

6  771 

26 -68 

56-91 

7 

9 

58-65 

-ro-95 

6  830 

6  851 

25-44 

50-08 

7 

9 

59  26 

-}-o-34 

6983 

6998 

4679 

01  -09 

7 

9 

58-77 

+0-83 

7  194 

[I  861] 

20  02 

04-77 

7 

9 

59-91 

—0-31 

7  290 

7  320 

50-34 

06-41 

2 

6 

60-88 

—  I  -28 

7  398 

7  402 

28-62 

30-80 

6 

9 

59 -26 

+0-34 

7  462 

7  480 

II  -05 

11-45 

6 

9 

59-63 

—0-03 

7  521 

7  544 

22-18 

04-15 

6 

9 

59-63 

—0-03 

7  585 

7  605 

02 -60 

37-25 

6 

9 

59-74 

—0*14 

7  706 

7  749 

06-42 

02  -72 

6 

9 

59-29 

4-0-31 

7  850 

7  915 

02  -41 

33-96 

6 

9 

59-78 

— 018 

7  972 

7  984 

58-48 

12  -19 

4 

8 

5908 

+052 

8  153 

8  160 

50  20 

44-83 

6 

9 

60-08 

-0-48 

8  212 

8  229 

52   09 

07*31 

6 

9 

59*93 

033 

8  268 

8324 

19*08 

52-34 

6 

9 

59-10 

+0-50 

(43) 

79 

17-59 

03  27 

6 

9 

59*68 

—0-08 

109 

153 

57-38 

10-73 

6 

9 

5998 

-0-38 

178 

244 

06  95 

02-06 

6 

9 

60-09 

049 

267 

314 

48-63 

46-26 

6 

9 

59*44 

-fo-i6 

343 

404 

19-14 

30-72 

6 

9 

59-76 

—0-16 

510 

566 

55-70 

23  99 

6 

9 

60 -18 

—0-58 

Indiscriminate  mean  =  41®  11'  59"'*62. 
Weighted  mean  =41    11  59  -60  ±©'''"07. 

e  =    dr  o'''-4o. 
131  observations,  22  pairs. 

[Reduction  to  geodetic  station  —  o'''-o2.] 
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9.  ROCKY  MOUNTAIN  SERIES — continued. 

(67)  Latitude  at  Salt  Lake  City,  Utah.  F.  H.  Agnew.  Zenith  telescope  No.  6.  ^March  23  to 
April  29,  1869.  One  division  of  level  =  i'^"i2.  One  turn  of  micrometer  =  76''''i26,  from  circumpolar 
observations  at  this  station. 


Pairs  of  stars. 

Adopted 
mean 

seconds  of 

N.  P.  D. 

// 

// 

2  379 

2  464 

19 '50 

28-50 

2  441 

2  485 

55*30 

37*70 

2  516 

ci544 

13-00 

39*08 

2  576 

2  617 

51-48 

51*50 

2  632 

2  648 

2078 

08*20 

2  700 

2  704 

3472 

16*57 

2  7U 

2  751 

24*50 

50  50 

2  786 

2  792 

37  "40 

39*80 

*2   819 

2  917 

49  96 

55*30 

♦2   819 

2  918 

46  96 

05  50 

2   999 

3  048 

12  94 

46*84 

3  059 

3  097 

02-45 

35*00 

3  140 

3  204 

22*77 

20*I0 

3  242 

3  255 

39  "17 

09*27 

3  313 

3  330 

34  20 

43*75 

3358 

3  371 

30-84 

38-99 

3468 

3  505 

13*06 

57 -60 

3  533 

3  584 

33*50 

19*05 

3  612 

*3  671 

39*05 

35*57 

3664 

*3  671 

50-25 

35*57 

3  725 

3  751 

10-13 

02  -60 

3  787 

3  825 

22 -80 

39*55 

3838 

3864 

17*45 

12  -60 

3  904 

3  915 

33*12 

08-76 

2  765 

2  799 

30-10 

57*50 

2  817 

2  887 

21  -90 

42-12 

2  982 

2  991 

00*90 

52-45 

3068 

3  085 

,16-04 

04*08 

3  112 

3  150 

12-50 

18 -86 

3  178 

3  218 

20-25 

34*75 

3  246 

3  324 

21-95 

20*75 

3  331 

3  402 

26  56 

46-00 

3  496 

3  534 

23*45 

54*15 

3665 

3  728 

31  'oo 

46-50 

3  744 

3  784 

23-00 

14*50 

3  811 

3  868 

48*81 

58-20 

4  123 

4  141 

22-93 

14*53 

4  188 

4  235 

16*32 

48*40 

4  258 

4  285 

15*38 

31*75 

4  300 

4  351 

12-50 

00*90 

n* 


5 
6 

4 
6 

5 
7 
7 
7 
5 
5 

7 
6 

7 

7 
6 

6 

6 

6 

7 

7 
6 

5 
6 

7 
6 

6 

5 
6 

6 

6 

6 

7 

7 

7 
6 

6 

6 

6 

6 

6 


TV  Latitude. 

10  40  46  03  *I7 

11  03  '69 

10  04  *20 

11  03*43 

10  03  '92 

11  03-74 
II  04*06 
II  04-46 

7  02  -96 

7  03  99 

1 1  03  -d3 

II  03-80 

II  03-30 

II  04-53 

II  03-66 

II  03-30 

II  04-14 

II  04-41 

7  03-54 

7  03  -64 

II  03-88 

10  04*09 

11  02  -96 
II  03*93 
II  03  -67 
II  04-11 

10  04  -56 

11  03*84 
II  04*37 
II  03*11 

7  02  *8o 

II  03*93 

II  03-21 

II  04-14 

II  03-88 

II  03  -92 

II  03*20 

II  03-75 

II  04*04 

II  04-13 


V 


ff 


4-0*61 
+0*09 
—0*42 
+0*35 
—0*14 
-fo-04 
—0*28 
-0-68 
-fo-82 

— 0*2I 
+0*35 
— 0*02 
+0*48 

-0-75 
-fO*I2 

-fo-48 
—0*36 
—0*63 
+0-24 
4-0*14 
—0*10 
—0-31 
-fo-82 
—0*15 
-fo-ii 

-033 
—0-78 

—0-06 

-059 
4-0*67 

+0*98 

— 015 

-fo-57 
—0-36 

— o-io 
—0-14 

4-0-58 

4-0*03 

—0-26 

-0-35 


Indiscriminate  mean  =  40°  46^  03'''.  77. 
Weighted  mean  =  40    46  03  -78  db  o''*o5. 

^  =  ±  o''-35. 
244  observations,  40  pairs. 

[Reduction  to  geodetic  station  o'''*oo.] 
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9.  ROCKY  MOUNTAIN  SERIES — continued. 

station  No,  68.  Ogden^  United  States  Engineers'  Observatory^  Utah.  From  United  States 
Geographical  Surveys  West  of  the  One  hundredth  Meridian,  Lieut.  G.  M.  Wheeler,  United  States 
Engineers,  in  charge.  Washington,  1877.  Vol.  II,  pp.  7-54  and  469-471.  Observations  for  latitude 
were  made  in  1873  and  1874  with  the  Wiirdemann  combined  transit  instrument  No.  28.  In  1873 
Dr.  F.  Kampf  observed  for  latitude  on  5  nights  in  October,  number  of  pairs  36,  and  140  individual 
results;  resulting  latitude  41°  13' 08''' '65  dbo^'' '022.  In  1874  Dr.  John  H.  Clark  observed  for  latitude 
on  7  nights  in  September  and  October,  number  of  pairs  23,  and  117  individual  results;  resulting 
latitude,  41®  13^  08'' '47.  Mean  of  two  results  41°  13^  oy-56zfco'^'03.  The  reference  is  to  the  longi- 
tude pier  of  the  observatory. 

[Reduction  to  geodetic  station  0^^*00.] 

(69)  Latitude  at  IVaddoup^  Utah.  O.  B.  French.  Meridian  telescope  No.  3.  June  7-19, 1892. 
One  division  of  level  =  i^^"94.  One  turn  of  micrometer  =  63'^  753,  from  the  latitude  observations  at 
this  station. 


Pairs  of  stars. 

Adopted 
mean 

seconds  of 
N.  P.  D. 

// 

// 

(2  000) 

4  335 

02  79 

14-41 

(2  036) 

4  407 

45  00 

05-43 

4  433 

4  438 

30  69 

28-19 

4  451 

4  467 

31*61 

56-45 

4  540 

4  594 

52  99 

21  -25 

4  615 

4  646 

58-46 

35*45 

4  664 

[I  185] 

36-36 

02  -30 

4  742 

4  823 

04*48 

08-09 

4  845 

4  864 

35 -oi 

46-46 

*[i  226] 

4  949 

50 '60 

14-89 

*[i  226] 

4989 

50-60 

38-45 

5  031 

5  071 

04  96 

09-02 

5  091 

5  146 

22  55 

03-51 

(2  427) 

5  192 

15-29 

43*43 

5  287 

5  295 

48-33 

27-55 

5  322 

5  348 

43-82 

46-41 

n' 

2 
2 
2 

2 

3 

4 

4 
I 

2 

I 

2 
2 
2 
2 
2 
2 


w  Latitude. 

o        /  // 

4  40  54  22  -55 

4  20  -54 

4  22  -07 

4  23  -16 

4  21  93 

5  21-96 
5  22  -03 
2  21  -36 
4  22  -60 

I  22  '20 

2  22  -65 

4  2045 

4  21-96 

4  22  -41 

4  22  59 

4  23  -34 


Indiscriminate  mean  =  40®  54'  22^'- 11. 
Weighted  mean  =40   54  22    •iid:o'^*i3. 

^=±0^-59. 
35  observations,  16  pairs. 

[Reduction  to  geodetic  station  -f-  y -00.] 


V 


ff 


-044 

H-i  -57 
+0-04 

—1-05 

-fo-i8 

-fo-15 
-fo-o8 

+0-75 

-0-49 

—0-09 

-0-54 
+1-66 

+0-15 

—0-30 

— 048 

—1-23 
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9.   ROCKY  MOUNTAIN  SERIES — continued. 

(70)  Latitude  at  Antelope^  Utah.  P.  A.  Welker.  Meridian  telescope  No.  3.  October  12-19, 1892. 
One  division  of  level  =  1^^*94,  a  mean  of  several  determinations.  One  turn  of  micrometer  =  63'^ '828, 
from  the  latitude  obser\'ations  at  this  station. 


Pairs  of  stars. 

7  067 

[I  819] 

7  164 

7  182 

7  213 

7  233 

7  253 

7  320 

7  345 

7  399 

7  417 

7  437 

7  462 

7  503 

7  607 

7676 

7  708 

7  733 

(3  719) 

7  777 

♦7  823 

7  857 

*7  823 

7  874 

7  893 

7  902 

7  9M 

[2  058] 

7  967 

7  975 

8  034 

8  124 

8  162 

(3  957 

8  227 

[2  150] 

*8  296 

8  344 

*8  296 

8366 

52 

100 

120 

♦165 

155 

*i65 

Adopted  seconds  of 
mean  N.  P.  D. 


iV 


w 


Latitude. 


// 

// 

Of            // 

// 

30-21 

29*69 

5 

8. 

40  57  40  -00 

4-0-49 

36-42 

52-13 

5 

8 

40-43 

-fo-o6 

2174 

11-38 

5 

8 

40-65 

—0-16 

18*49 

10 -02 

5 

8 

40-78 

—0*29 

08-51 

23-72 

6 

8 

39-21 

-fl-28 

00-67 

23*36 

5 

8 

39 '94 

-fo-55 

08-95 

08  49 

6 

8 

41-54 

—  I  -05 

42-99 

18-65 

6 

8 

40-34 

4-0  15 

44-31 

10-17 

5 

8 

39-89 

--0*60 

42-10 

20-83 

6 

8 

40-76 

—0*27 

25-90 

52-94 

5 

5 

40-57 

— o*o8 

25-90 

48-12 

5 

5 

40*76 

—0-27 

II  -71 

37*25 

5 

8 

40*46 

4-0-03 

22 -06 

22  -29 

5 

8 

40*26 

4-0-23 

03-62 

54-86 

5 

8 

40-51 

—0*02 

32-90 

45-90 

5 

8 

40-47 

-i-0*02 

3665 

18-72 

5 

8 

40*81 

—0*32 

52-48 

01  -67 

5 

2 

39-68 

40  -St 

46-78 

43*^5 

5 

5 

40  39 

4-0 -JO 

46-78 

14-75 

5 

5 

40-45 

4-0*04 

04-91 

10-69 

5 

8 

41  '22 

-073 

52-98 

20-58 

5 

5 

41  -02 

053 

30  96 

20-58 

5 

5 

41-09 

—0-60 

Indiscriminate  mean  =  40®  57^  40^^*49. 
Weighted  mean  =40    57    40    -49^0^^*07. 

^=±0^^-35. 
119  observations,  23  pairs. 

[Reduction  to  geodetic  station  4-  0^^-33.] 
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9.  ROCKY  MOUNTAIN  SERIES — continued. 

( 71 )  Latitude  at  Promontory,  Utah.  P.  A.  Welkcr.  Meridian  telescope  No.  3.  Jnly  9-14, 1892. 
One  division  of  level  =  1^^*94,  an  average  of  se\'eral  determinations  at  various  times.  One  turn  of 
micrometer  =  63^^*827,  from  circumpolar  observations  at  this  station. 


Pairs  of  stars. 

mean  N. 

P.D.             ^ 

w 

Latitude. 

V 

// 

ff 

0    /       // 

ff 

4969 

4  992 

52  06 

41  09             5 

7 

41  17  47  -91 

-037 

5  061 

'5  071 

!          3"  01 

09  02             5 

7 

48 '35 

— 0*07 

5  147 

5  146 

40-50 

03-51             5 

7 

49  36 

-I  08 

5  «92 

5  248 

43*43 

32  78            6 

8 

4879 

—0*51 

5  302 

5  313 

33  25 

41  *73            6 

8 

4912 

-0-84 

5348 

5  399 

46  41 

32  74             4 

7 

48*10 

-o*i8 

5  512 

5  527 

28-87 

04-05             5 

7 

48*44 

— 016 

•5  545 

5  563 

53-68 

2h  -63             5 

4 

47 -27 

—  I  01 

•5  545 

[I  395] 

53-68 

<M-i5            5 

5 

47-37 

—0*91 

5  708 

5  7^ 

1          24*44 

33  05            5 

7 

48-37 

—0*09 

57SS 

5  871 

2775 

"  '53            5 

7 

48*82 

-<»  54 

5  978 

(2  8l2) 

33 '59 

54-63            5 

7 

48*23 

— 0'05 

6082 

6  109 

05-97 

37  47             5 

7 

47'^ 

-0  38 

•6  289 

6  300 

42-82 

19-20            5 

5 

48*14 

-0-14 

•6  289 

6  322 

42-82 

48-24             5 

5 

48*20 

-o-r^ 

\y  574] 

6  39<Jr 

12'^ 

00*^2             4 

7 

47-68 

-0-60 

6  404 

6  473 

27 '99 

0774            3 

7 

4.S-62 

.  0  34 

6  520 

6556 

05-64 

0^  39            5 

/ 

47-93 

-^0  35 

6583 

6637 

29-13 

40-85            5 

7 

47  ^>o 

—0  ^.^ 

6690 

674S 

01  -15 

45-20            5 

7 

4.873 

-045 

6758 

6  847 

10-S2 

34-69            5 

7 

47-73 

-055 

Indiscriminate  mean  =41°  17^  4V 

-23. 

Weightrd  mean          =41     17   4-^ 

•28- 

o"-o6. 

^==a"-27. 

103  obficrrations,  21  paxrsu 

[Rcdnctkig 

u>  geodctac  station  - 

-o-'^'oi.] 
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9.  ROCKY  MOUNTAIN  SERIES — Continued. 

(72)  Latitude  at  Desereiy  Utah.  P.  A.  Welker.  Meridian  telescope  No.  3.  September  8-13, 
1892.  One  division  of  level  =  i''''*94,  a  mean  of  several  determinations  at  various  times.  One  turn  of 
micrometer  =  63''''748,  from  circumpolar  observations  at  this  station. 


Pairs  of  stars. 

Adopted 
mean 

seconds  of 
N.  P.  D. 

// 

// 

(2  939) 

6  302 

41-55 

51*24 

6  300 

6  348 

19*20 

13*54 

[I  574] 

6  392 

12  -40 

27  -60 

6  428 

6  491 

21  '69 

30*31 

6  542 

6583 

5972 

29  *i3 

6  599 

6  656 

3076 

21  '14 

6  697 

6  714 

01  '06 

28-48 

6784 

6  799 

24*63 

35*71 

6  827 

6847 

07  -02 

34*69 

6858 

6  932 

03*33 

05*23 

6  962 

*6  998 

39*91 

16-72 

6965 

*6  998 

10  "20 

16-72 

7  029 

7  062 

30*37 

29*57 

7  091 

7  164 

39*35 

36  42 

7  173 

7  211 

45*58 

07  -II 

7  275 

7  310 

30-00 

00*96 

7  333 

7  385 

II  '02 

55  98 

7  399 

7  455 

23*68 

11-96 

7  505 

7  544 

00-40 

59*27 

7  676 

7  693 

18-65 

38*57 

7  760 

7  796 

03   92 

20  16 

7  820 

7  843 

^6-33 

4S-53 

5 
5 
5 
5 

.5 
5 
4 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
4 
5 
5 


TV 

8 
8 
6 
8 
8 
8 

7 

8 

8 
8 

5 

5 
8 

8 

8 

8 

8 

8 

8 

7 
8 

8 


Latitude. 


o       / 

40  27 


31*91 

32  39 
31*46 
32-90 

31*31 
32*38 
31*10 

31*31 
31*83 
32*58 

32*56 

32*55 

31*94 

30*97 
32  25 

31*55 
32  52 
32  26 

31*79 
31*97 
31  50 
31*74 


V 

// 

-}-G*02 

— o  -46 

-ho -47 
-0-97 

4-0*62 

-0-45 
+0-83 

-fo-62 

-f-o*io 

—0-65 
-0-63 

—0*62 
— o*oi 

+0-96 
—0*32 

4-0-38 

-0-59 
-033 

4-0 -14 
— 0*04 
4-0*43 
4-0*19 


Indiscriminate  mean  =40°  27'  3i'''*94. 
Weighted  mean  =40    27   31   '93  ib  o'''*o8. 

t'  =  dr  0^^-48. 
108  observations,  22  pairs. 

[Reduction  to  geodetic  station  4-0*31.] 

Station  No.  73.  Beaver ^  Utah.  United  States  Geographical  Surveys  West  of  the  One  hundredth 
Meridian.  Lieut.  G.  M.  Wheeler,  United  States  Engineers,  in  charge.  Washington,  1877.  Vol.  II,  pp. 
54-71.  Observations  for  latitude  were  made  on  7  nights  in  August,  1872,  by  John  H.  Clark,  using 
the  meridian  instrument,  Wiirdemann  No.  16.  Focal  length  26  inches,  clear  aperture  i^  inches. 
Though  30  pairs  were  used  only  94  individual  results  for  latitude  were  obtained  on  account  of  the 
unfavorable  weather.     Resulting  value  for  latitude,  38°  16^  23'''*28  d:  o'''-o6. 


TRANSCONTINENTAL  TRIANGULATION — PART  IV — LATITUDES.       697 


9.  ROCKY  MOUNTAIN  SERIES — completed. 

(74)  LaHtude  at  Oasis,  Utah.  Fremont  Morse.  Zenith  telescope  No.  6.  August  25-31,  1898. 
One  division  of  level  =  2''' it,  determined  at  office  January,  1893.  One  turn  of  micrometer  =  76'''24o, 
from  circumpolar  observations  at  this  station. 


Pairs  of  stars. 

Adopted  seconds  of 
mean  N.  P.  D. 

«' 

w 

Latitude. 

V 

// 

// 

0    /       // 

ff 

6  817 

6  849 

36-18 

04  92 

2 

4 

39  17  34-12 

-fi*35 

6  930 

6  952 

12-58 

47-52 

2 

4 

35-80 

-0-33 

(3  554) 

(3  361) 

47  30 

59*94 

2 

4 

36-31 

—0-84 

6  990 

7  027 

03-82 

01  -71 

2 

4 

35-43 

-fo-04 

7  067 

7085 

19-13 

29-22 

3 

6 

35-84 

-0-37 

7  171 

7  204 

03  38 

43-01 

3 

6 

35-65 

—0-18 

(3  475) 

7  254 

02  97 

17-35 

3 

5 

35  -83 

—0-36 

7  255 

*(3  503) 

25  80 

24-42 

2 

2 

35-04 

-fo*43 

*(3  503) 

7  276* 

24-42 

50-26 

2 

2 

35*76 

—0-29 

(3  519) 

7  377 

01-79 

58-56 

2 

4 

55-48 

— o-oi 

(3  553) 

7  453 

39 -61 

24-19 

4 

7 

35-98 

—0-51 

7  505 

7  559 

24-25 

19-65 

4 

8 

34-58 

+0-89 

7566 

*(3  649) 

00-85 

36-59 

2 

3 

35*46 

-fo-oi 

(3  630) 

*(3  649) 

43-93 

36-59 

I 

I 

35-22 

-f-o-25 

7598 

7  607 

45-31 

03-22 

2 

4 

34-92 

+0-55 

(3669) 

7664 

50-37 

07-74 

2 

4 

35-64 

—0-17 

7  659 

7  686 

18-19 

20*69 

2 

4 

36  72 

-1-25 

7  705 

7  753 

55-97 

54  09 

5 

8 

35-13 

-fo-34 

*7  765 

*7  765 

28  59 

2859 

4 

8 

36-62 

-1*15 

(3  728) 

7  8iop 

48-15 

32-62 

I 

2 

34-93 

+0-54 

*(3  754) 

*(3  754) 

35-99 

35*99 

4 

5 

34-49 

4-0-98 

♦7858 

*7  858 

42-12 

42-12 

4 

7 

34-86 

+0-61 

t672 

*7  932 

06-89 

58-30 

3 

0-2 

37-60 

—2-13 

(3801) 

*7  932 

15-69 

58-30 

2 

2 

35*53 

—0-06 

(3802) 

*7  932 

19  03 

58-30 

I 

I 

35 '39 

-fo-o8 

7  972 

(3843) 

47-89 

33  96 

4 

7 

35-25 

-f-O'22 

7  999 

(3  857) 

40-05 

52-68 

4 

7 

34*71 

+076 

8  070 

♦8  106 

33-20 

05-56 

4 

4 

35*66 

—0*19 

8  078 

*8  106 

02-24 

05  56 

4 

4 

35-81 

-0-34 

8  188 

(3  957) 

48-27 

19-59 

3 

4 

36-25 

—0-78 

8  218 

8  238 

49-85 

13*36 

I 

2 

35*59 

—0-12 

8  276 

8  298 

05-71 

55-48 

I 

2 

35*48 

— O'OI 

(4  022) 

(4  032) 

42-19 

09-82 

I 

2 

35*74 

—0-27 

8355 

8370 

08  76 

17-36 

I 

2 

35*83 

—0-36 

Indiscriminate  mean  =39®  \f  35^' -55. 
Weighted  mean  =39    17  35    -47^0^^-08. 

if  =  =b  0^^-66. 
87  observations,  34  pairs. 

[Reduction  to  geodetic  station  o'-'-oo.] 
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UNITED  STATES   COAST   AND   GEODETIC  SURVEY. 


10.    NEVADA  SERIES. 


(75)  Latitude  at  Ibepah,  Utah.  E.  P.  Austin.  Meridian  telescope  No.  3.  August  30  to  Septem- 
ber 5, 1889.  One  division  of  level  =  i^'^'94,  a  mean  of  several  determinations  at  various  times.  One 
turn  of  micrometer  =  63''' '959,  from  circumpolar  observations  at  this  station. 


Pairs  of  stars. 

Adopted 
mean  \ 

seconds  of 
N.  P.  D. 

5  842 

5  871 

47-87 

// 
00*45 

5  918 

(2  769) 

18-63 

5668 

5  978 

(2  806) 

25-25 

41*31 

(2  845) 

6  162 

06  69 

07*29 

6  255 

(2968) 

04-07 

43*50 

(3  015) 

(3  023) 

12*45 

45*17 

6  463 

(3  071) 

50-10 

28*14 

6  522 

6  542 

02  03 

15*79 

6  612 

6615 

01  -48 

47*68 

6  662 

(3  174) 

57*22 

29  99 

6698 

6  754 

5798 

18*35 

6769 

6813 

35*55 

46*81 

6  856 

6879 

20  34 

10*03 

6  928 

6  940 

44-21 

28 '61 

6979 

(3  372) 

14*23 

59*89 

7  037 

7  088 

29*26 

25*13 

7  143 

(3  465) 

23*64 

53  30 

7  213 

7  241 

01-03 

31*71 

(3  491) 

7  268 

02-57 

26*89 

*7  294jf 

7368 

0879 

41*41 

*7  294jf 

(3  537) 

0879 

33  78  . 

7  402 

7  453 

15*79 

42*96 

7  493 

7  561 

35*69 

01  *I5 

*7  605 

(3  652 

20*62 

37*94 

*7  605 

(3  659) 

20*62 

17*93 

2 
I 

3 

5 
6 

5 
5 
5 
5 
5 
5 
4 

5 
6 
6 
6 
6 

5 
3 
5 
4 
5 
5 
5 
5 


w           Latitude.  v 

Off/  ff 

3  39  49  39*15  -fo'2o 
2  40*21  — o*86 

4  39  05  +0  30 

7  39  *56  — o  -21 

8  39  84  -o  49 
6  40  '09  — o  '74 

6  38  -80  -ho  -55 

7  38*16  -1-1*19 
7  39  *72  — o  37 
7  39*24  +0*11 

6  40  *03  — o  *68 

5  38*02  -f-i*33 

7  39  '95  -o  60 

8  39*31  +004 
8  39*46  —0*11 
8  39*13  -fo*22 
7  39  '07  +0  -28 
7  39  65  -o  30 

4  39*24  +0*11 

5  39*54  -0*19 
4  39  *07  +0**28 

6  38  -84  -1-0  -51 

7  3951  — o-i6 
4  39  '55  -o  •» 
4  39  73  -o  38 


Indiscriminate  mean  =  39®  49^  39^^*36. 
Weighted  mean         =39   49  39  *35±  0^*07. 

^=±o'''-8o. 
117  observations,  25  pairs. 

[Reduction  to  geodetic  station  —  o'''*22] 
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10.  NEVADA  SERIES — continued. 

(76)  Latitude  at  Pilot  Peak,  Nevada.  E.  P.  Austin,  Meridian  telescope  No.  3.  July  11-16, 1889. 
One  division  of  level  =  i'''*94,  a  mean  of  several  determinations  at  various  times.  One  turn  of  microm- 
eter =  63^'' '959,  from  circumpolar  observations  at  Ibepah. 


Pairs  of  stars. 


Adopted  seconds  of 
mean  N.  P.  D. 


n' 


w 


Latitude. 


V 


5  031 
[I  ^73] 
5  143 
5  192 
5  302 
5  322 
5  459 
5  597 
5  677 

5  776 
(2  732) 
(2  845) 

6  162 
6  224 

(2  963) 
6  410 

(3  054) 
6  542 
6  640 

6  734 
(3262) 

6867 

(3338) 


5  071 

(2  390 
(2  422) 
5  248 
5  313 
5  348 
5  525 
5  643 
5  752 
5  842 

5  931 

6  109 

6  193 
6  245 

(2  989) 
6438 

(3068) 
6  601 
6  674 

(3  233) 
6  847 
6  912 
6  980 


// 

// 

0     /       // 

// 

24 '35 

29-72 

3 

2 

41  01  07-56 

4-0*70 

38*03 

57*38 

I 

I 

08-63 

0*37 

41-15 

09*64 

4 

3 

08-40 

—0-14 

08 -61 

59 '47 

3 

2 

07-68 

+0-58 

01-38 

10-93 

4 

3 

07  92 

4-0-34 

13*26 

17*32 

3 

2 

08-68 

—0-42 

32*72 

05*32 

5 

3 

07*51 

-fo-75 

36-28 

10-58 

5 

3 

08-46 

— 0-20 

23*48 

54*01 

5 

3 

08 -16 

4-0 -10 

34*77 

47*87 

4 

2 

07*54 

+072 

25*46 

41*90 

5 

3 

09-41 

-1*15 

0669 

36-46 

5 

3 

09-02 

—0-76 

07-29 

^5*95 

5 

3 

07*47 

-{-0-79 

25*47 

43*51 

4 

3 

08-06 

-(-0-20 

52-18 

48-68 

5 

3 

07*37 

+0-89 

10-42 

29-62 

5 

3 

08-29 

—0*03 

16-02 

28-85 

4 

3 

07*55 

-fo-7i 

1579 

10-69 

4 

3 

08-96 

—0-70 

53*14 

34*04 

5 

3 

08-45 

—0-19 

08-69 

09-77 

4 

3 

08-77 

—0-51 

33-85 

02-72 

5 

3 

09*07 

—0-81 

01-30 

18-67 

5 

3 

07*95 

4-0-31 

16-37 

55*94 

5 

3 

08-76 

—0-50 

Indiscriminate  mean  =  41®  01^  o8'''-25. 
Weighted  mean  =41    01  08  -26i:0^''-09. 

98  observations,  23  pairs. 

[Reduction  to  geodetic  station  -f  0^-05.] 
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lo.  NEVADA  SERIES — continued. 

(77)  Latitude  at  Pioche,  Nevada.  G.  F.  Bird.  Meridian  telescope  No.  3.  September  13-21, 
1883.  One  division  of  level  =  i''''896,  from  observations  at  this  station.  One  turn  of  micrometer 
=  63'^*793,  from  circumpolar  observations  at  this  station. 


Pairs  of  stars. 


6  300 

6  427 

(3068) 

6  674 

6  745 
6  827 

6895 

6  970 

7  067 

7  19* 
7  336 
7  437 
*7  505 
7  560 
7  658 

7  765 
(3  766) 

7  880 
[2  058] 

7  958 
♦8  032 
*8  032 


6  350 
6  475 
6  543 
6697 
6  784 
6  856 

6  943 
(3  378) 

7  112 

7  233 
7  385 
7  468 

*7  505 
7  571 
7  664 
7  777 
7  855 

(3  802) 

7  945 
(3  854) 

8  059 
8  082 


Adopted  seconds  of 
mean  N.  P.  D. 


w 


w 


Latitude. 


Indiscriminate  mean  =  37°  59^  07^' 'oi. 
Weighted  mean  =37    59  06   •98=1=0'' -09. 

^=dbo''*5o. 
1 13  observations,  22  pairs. 

[Reduction  to  geodetic  station  —  o''*28.] 


V 


ff 

// 

0    /       // 

ff 

38-83 

19  *33     . 

5 

6 

37  59  07  08 

— o*io 

59*55 

27-88 

5 

6 

05*55 

+  1*43 

5671 

28-25 

5 

6 

07-52 

-054 

16  "07 

08  -72 

5 

6 

06-19 

-f-079 

06  42 

38-38 

5 

6 

06 -81 

+0-I7 

29  "33 

16-58 

5 

6 

07  -61 

—0-63 

13  93 

21  -55 

4 

5 

07*33 

-0-35 

32-56 

22-44 

6 

6 

05-65 

+  1-33 

16-52 

26-45 

5 

6 

07*31 

-o*33 

25-26 

09-80 

6 

6 

06-76 

-f-0*22 

31  "55 

12-31 

6 

6 

07  65 

—0*67 

40-13 

33-58 

6 

6 

07  -00 

—0*02 

24-04 

24-04 

6 

3 

07-83 

-0*85 

38-52 

32-47 

5 

6 

07-39 

—0*41 

53 '48 

24-65 

5 

6 

07-12 

—0*14 

55*09 

00 -81 

5 

6 

07*27 

—0*29 

05*24 

07-82 

5 

6 

06*28 

-ho -70 

15*32 

59-42 

5 

6 

07*28 

—0-30 

09  98 

59*23 

4 

5 

07-54 

—0*56 

57*40 

24-01 

5 

6 

• 

06*68 

+0-30 

05-81 

29*10 

5 

4 

07 -33 

-035 

05-81 

58-53 

5 

4 

07-14 

—0*16 
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10.  NEVADA  SERiEvS — continued. 

Siaiion  No.  78.  Pioche,  Nevada.  United  States  Geographical  Sur\'eys  West  of  the  One  hun- 
dredth Meridian.  Lieut.  G.  M.  Wheeler.  United  States  Engineers,  in  charge.  W^ashington,  1877. 
Vol.  II,  pp.  75-96.  Observations  for  latitude  were  made  by  W.  W.  Marryatt  on  6  nights  in  October,  1872, 
using  the  meridian  instrument,  Wiirdemann  No.  16.  Focal  length  26  inches,  clear  aperture  i  ^  inches. 
Number  of  individual  results  for  latitude  193.     Resulting  value  for  latitude  37°  55^  26^' •0711=0" '07. 

(79)  Latitude  at  Diamond  Peak,  Nevada.  R.  A.  Marr.  Meridian  telescope  No.  3.  October  1-5, 
1881.  One  division  of  level  =  i"*86.  One  turn  of  micrometer  =63"'8i5,  from  circumpolar  observa- 
tions at  this  station. 


Pairs  of  stars. 


6  397 

6  491 

*6  520 

6  623 

6656 

6  714 

6  748 

6  852 

*6  928 

*6  928 

6  979 

7  037 
7  086 
7  204 
7  277 

(3  555) 
7  462 

7  733 
7  823 

(3  799) 
7  972 

7  997 

8  125 

8  162 
8  268 
8310 


6  410 
*6  520 

6  553 
6637 
6  667 

6  734 

(3  262) 

6  901 

6  940 

6  943 
(3  372) 

7  065 

7  143 
7  233 
7  320 
7  444 
7  544 

7  755 

7  881 

7  945 
(3  841) 

8  054 
8  141 
8  227 
8  296 

(4  025) 


Adopted  seconds  of 
mean  N.  P.  D. 


// 
5985 
21  '92 
59-68 

0275 
35 '30 
54*21 
18-09 
21  72 
08  52 
08  52 
41  -16 

02  '02 
50-89 
29*60 

2571 
07-68 

59  75 

22*95 

4635 
19-46 
11-79 
08-07 

39*19 
13*14 
38*87 
45*96 


// 
40-56 

59*68 
06-28 

53*91 
12 -06 

14-72 

45*61 
56  27 

51*42 

41*53 
27-68 

05*88 

02  -02 

36*27 

44*94 
12-83 

57*79 

20  39 
12  -10 
36*82 
26*41 
23-16 

21  -69 

31  '02 
27*00 
50*68 


n' 

1 

3 
3 
4 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
4 
5 
5 
5 
4 
4 
4 
4 
4 
4 
4 
3 


w  Latitude. 

6  39  35  03  -82 

5  05  -03 

5  04-53 
8  04*42 
8  04-70 
8  03  -16 
8  03  -60 
8  04-06 

6  04-84 

6  04-74 
8  04-57 
8  03  -93 
8  04-65 
8  03  *97 
8  03  36 
8  03  *59 
8  03*90 
8  04*59 
8  04*38 
8  04*44 
8  03*68 
8  03-88 
8  03  -58 
8  05*04 
8  03  -78 

7  0396 


// 
+0-31 

— 0-90 

—0-40 

—0-29 

-0-57 

4-0-97 

-1-0 -53 
-J-0-07 

—0*71 

—0-61 

-0-44 

-fo-20 

—0-52 

-ro-16 

-TO '77 
4-0*54 
-t-o  -23 

—0-46 
—0-25 
—0-31 
40  -45 
4-0*25 
+0*55 
—0*91 

4-0-35 
4-0*17 


Indiscriminate  mean  =  39**  35'  04^*16. 
Weighted  mean  =39   35  04   •i3iho''*o7. 

^=  It  0^^*39. 
112  observations,  26  pairs. 

[Reduction  to  geodetic  station  —  0^^*28.] 
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lo.  NEVADA  SERIES — Continued. 

s 

(80)  Latitude  at  Mount  Callahan,  Nevada.  R.  A.  Marr.  Meridian  telescope  No.  3.  July  29  to 
August  2,  1881.  One  division  of  level  =  i''*86.  One  turn  of  micrometer  =  63'''' '866,  from  circumpolar 
observations  at  this  station. 


Pairs  of  stars. 

Adopted  seconds  of 
mean  N.  P.  D. 

ff 

// 

5  259 

5  287 

21  72 

51-62 

5388 

5  432 

09*20 

20-57 

5  459 

5466 

22  65 

59-05 

5  490 

5  628 

30-10 

06-99 

5  659 

5  705 

47-20 

56-12 

5  740 

5  749 

00 '66 

* 

08*04 

5  842 

5  871 

15-27 

31 -II 

5  911 

5  927 

22  55 

07  87 

5  950 

5  967 

03-30 

05-85 

(2  795) 

6  033 

52-58 

11-80 

6  114 

6  123 

21*37 

16-87 

6  193 

6  218 

32-45 

34-39 

(2  939) 

6  297 

01  -01 

33  20 

(2963) 

(2  990) 

II  -02 

55-50 

(3  on) 

6  452 

52  09 

41  -81 

6  491 

6  520 

21  92 

59-68 

6  623 

6637 

02  75 

55  20 

6  662 

(3  174) 

5274 

26-62 

6  714 

6  734 

54*21 

14-37 

6  745 

6  771 

21  -92 

56*73 

(3  258) 

(3  267) 

09-70 

44*58 

6  856 

6879 

35*46 

28-49 

n' 

2 

5 
5 
5 
5 
5 
5 
5 
5 
4 
5 
4 
5 
5 
4 
5 
4 
5 
4 
5 
5 
5 


w  Latitude. 

5  39  42  31  -68 

6  32-94 

6  32  *74 

6  32  95 

6  32  73 

6  32  -26 

6  31  -oo 

6  32  37 

6  32  -43 

6  32  -62 

6  32  -76 

6  32  -oo 

6  32  69 

6  31-68 

6  31-86 

6  33  -42 

6  31  -32 

6  32  -28 

6  31-68 

6  32  -77 

6  32  -40 

6  32  '49 


V 

+0-64 
—0-62 
—0-42 
—0-63 
—0-41 
-fo-o6 

+1-32 
—0-05 
— o-ii 

—0*30 

-o*44 
+032 

-0-37 
-fo*64 
-fo-46 

—  I  'lO 

+  1  *oo 
-ho -04 
-ho -64 

~o*45 
— o-o8 

—0-17 


Indiscriminate  mean  =  39°  42^  32''''32. 
Weighted  mean  =  39    42    32  -32  d=  0*^*08. 

e=^±.  0^-^-40. 
102  observations,  22  pairs. 

[Reduction  to  geodetic  station  —  o''''4l.] 
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10.  NEVADA  SERIES — continued. 

(81)  Latitude  at  Toiyahe  Dome,  Nevada.  W.  Eimbeck  and  R.  A.  Man*.  Meridian  telescope 
No.  7.  September  20-27,  1880.  One  division  of  level  =  V'o^y  from  observations  at  this  station.  One 
turn  of  micrometer  =  78"' '329,  from  circumpolar  observations  at  this  station. 


Pairs  of  stars. 


Adopted  seconds  of 
mean  N.  P.  D. 


6583 
6615 
6  690 

6  740 
6883 

(3  338) 
(3  378) 
[I  819] 

7  194 
7  256 

(3  519) 

(3  530) 

7  363 

7  465 

'3  602) 

7585 

7  712 

*7  832 

*7  857 
*7  832 

*7  874 


6589 
6  662 

(3  190) 
6  799 
6  928 

6  976 

(3  390 

7  126 

(3480) 
7  278 
7  310 
7  345 
7  405 
7  480 
7568 
7  631 
7  754 
*7  857 
*7  868 

*7  874 
*7  868 


41-24 
45*34 
29*39 
20-45 
49-90 

50*55 
56-36 
55*25 
03-69 

53*15 
II  -28 

46-00 
57*14 

59*49 
15*72 

13*67 
50  08 

00 '20 

33  29 
00*20 
29-24 


// 

13*65 
59*62 

59*23 

19*31 
19-02 

57*05 
16-86 
17-91 

35*44 

54*57 

48-13 
00-39 

12 -II 

17-62 

56-40 
00-52 

25*39 

33*29 

07*93 
29-24 

07*93 


5 

4 

5 

5 

5 

4 

5 

4 

5 

4 

5 

3 

5 

5 

5 

3 

4 

4 

5 
I 

I 


w  Latitude. 

o       /  // 

5  38  49  54  '33 

4  53  '72 

5  54*21 
5  54  '49 
5  54  '73 

4  53  '81 

5  53  *26 

4  54  -23 

5  55  -38 

4  54  '58 

5  54  -52 
3  56  -22 
5  55*10 
5  55*66 
5  54  *49 

3  55*" 

4  54  -95 
2  53  65 
2  54  "48 
I  53*34 
I  53  *38 


V 

f/ 

4-0'22 
4-0-83 

+0-34 
4-0-06 
—0-18 
-fO-74 
-fl-29 
4-0-32 
-0-83 
—0-03 

-fo-03 
—I  -67 
-0-55 
—  I  -II 
-fo-06 
—0-56 
—0-40 
-J-0-90 
-fo-07 

-f  I  "21 

+I-I7 


Indiscriminate  mean  =  38®  49^  54''' '46. 
Weighted  mean         =38    49    54  -55  ±o'^- 11. 

^=±o'''-82. 
87  observations,  21  pairs. 

[Reduction  to  geodetic  station  —  o'''-69.] 
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UNITED  STATES  COAST  AND  GEODETIC  SURVEY, 


lo.  NEVADA  SERIES — continued. 

(82)  Latitude  at  Carson  Sink,  Nevada.  W.  Eimbeck.  Meridian  telescope  No.  7.  July  29  to 
August  2,  1880.  One  division  of  level  =  i^''*o4,  determined  at  Toiyabe  Dome,  September,  1880.  One 
turn  of  micrometer  =  78''''274,  from  circumpolar  observations  at  this  station. 


Pairs  of  stars. 

Adopted 
mean  ] 

seconds  of 
N.  P.  D. 

// 

// 

5388 

5  432 

59-48 

II  -19 

5  459 

5466 

13-88 

50-35 

5  490 

5  628 

21  '20 

00-12 

[I  395] 

5  740 

44  79 

55-09 

5  752 

(2  669) 

06-23 

09-41 

(2  722) 

(2  732) 

22-07 

53-85 

5  900 

5  9^8 

57-96 

50-89 

(2804) 

6  033 

50-97 

10-45 

6  079 

6  134 

29-24 

28-41 

6  185 

6  223 

57-20 

10 -16 

(2  939) 

6  297 

02-76 

35-15 

(2963) 

(2  990) 

13  26 

58-68 

6  397 

6  410 

03-60 

44*35 

6  491 

*6  520 

26-67 

04-75 

*6  520 

6  553 

04-75 

II  -50 

6  623 

6637 

09  45 

00-75 

6656 

6  667 

43-00 

19-12 

6  714 

6  734 

01  -72 

22  -77 

6748 

(3  -^62) 

25-66 

54-64 

6852 

6  901 

31-09 

06-38 

*6  928 

6  940 

18-78 

01  56 

*6  018 

6  q;3 

18  -78 

53 '34 

6  979 

(3  372) 

52-08 

38-88 

7  037 

7  065 

J3-41 

17-61 

7  086 

7  143 

02-82 

15-00 

7  204 

7  233 

42-80 

49-63 

7  277 

7  320 

39-46 

59-00 

n' 


5 
4 
4 
5 
4 

4 

2 

3 
4 
4 
3 
4 
4 
3 
4 
4 

4 

2 

3 
4 
4 
4 
3 
3 
4 
3 
3 


w 

7 
6 

6 

7 
6 

6 
4 

5 
6 

6 

5 
6 

6 

3 
4 
6 

6 

4 

5 
6 

4 

4 

5 

5 
6 

5 
5 


Latitude. 


// 


39  34  58  -50 
58-96 
58-04 
57-22 

58-43 
57-58 
57-30 
57-32 
58-19 
58-49 
58-07 

57-13 
59-22 
58-89 

58-63 

57-87 
58-10 

57*55 
57-70 
58-01 

58-90 
58-13 
58-31 
57-46 
59*24 

58-95 
58-10 


V 

tf 
-035 
—0-81 

-f-O'II 

-fo-93 
—0-28 

+0-57 

-ho -85 
-fo-83 
—0-04 

-0-34 
+o-o8 

+1  -02 

—  I  -07 

-0-74 
—0-48 

-1-0-28 

+0-05 

4-0-60 

-ho -45 

-fo-i4 

—0-75 

-fO-02 
—0-16 
+0-69 
—  I  -09 
—0-80 

-fo-o5 


Indiscriminate  mean  =  39®  34^  58''' -16. 
Weighted  mean  =39    34  58  -i5±o'''-o8. 

<?=zbo''-68. 
98  observations,  27  pairs. 
[Reduction  to  geodetic  station  —©'''•47.] 
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10.  NEVADA  SERIES — continued. 

(83)  Latitude  at  Carson  City,  Nevada.  C.  H.  Sinclair.  Meridian  telescope  No.  2.  July  17-20, 
1889.  One  division  of  level  =o"'9i,  determined  at  office  March- April,  1888.  One  turn  of  micrometer 
=  65^*856,  from  several  determinations  at  various  stations. 


Pairs  of  stars. 

Adopted  seconds  of 
mean  N.  P.  D. 

// 

ff 

6  114 

6  101 

22  94 

29*90 

(2883 

*6  203 

35-14 

41-74 

♦6  203 

6  235 

4174 

06*86 

6  251 

6348 

49-42 

21  *22 

6  355 

6  390 

09-47 

43-59 

6  466 

6  473 

31-32 

21  '26 

6  520 

6  534 

20  45 

14*57 

6  574 

6583 

56 -24 

47-27 

6589 

6  640 

18*89 

52*00 

6  698 

6  731 

58 -22 

02*25 

6  754 

6  784 

18-13 

49-33 

6817 

«6  849 

57*34 

29-30 

•6  849 

6857 

29  30 

49*39 

6897 

6  932 

47-56 

36  59 

6  962 

*7  029 

12*40 

04*66 

6965 

*7  029 

42-51 

04*66 

7  067 

7085 

05-83 

17*08 

7  112 

7  164 

13-32 

14*40 

«' 


4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
3 
4 


w 

3 

2 

2 

3 
3 
3 
3 
3 
3 
3 

3 

2 

2 

3 

2 

2 
2 

3 


Latitude. 


o      / 

39  09 


Indiscriminate  mean  =  39®  09^  47^*18. 
Weighted  mean         =39   09  47  *  19^1 0^^*13. 

<?  =  zbo'''*95. 
71  observations,  18  pairs. 

[Reduction  to  dome  of  capitol  —  o'''*85.] 


48*06 
46*60 

45-96 
46*24 

47-28 

47-49 
48*14 
47-16 
47-62 
46*85 

45  56 
46*00 

46  95 

47-16 

47-97 
48*64 

47*51 
48*07 


ff 
—0*87 

-i-o*59 

4-1*23 

4-0*95 
—0*09 
—0*30 
-0*95 
4-0*03 
-o*43 

+0-34 
-fi*63 

4-1*19 
4-0*24 

4-0*03 

-0*78 

-1*45 
—0*32 

-0*88 


18732— No.  4 ^45 
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UNITED  STATES  COAST  AND  GEODETIC  SURVEY, 


lo.  NEVADA  SERIES — continued. 

Latitude  at  Carson  City,  Nevada.  C.  H.  Sinclair.  Zenith  telescope  No.  6.  August  13-15, 1893. 
One  division  of  level  =  2'''*i7,  determined  at  office  January,  1893.  One  turn  of  micrometer  =  yfi^'-iyo, 
from  circumpolar  observations  at  other  stations. 


Pairs  of  stars. 


5  860 
5  922 

5  967 

6  005 

6  047 

6  048 

6  114 

(2883) 

(2  888) 

6  251 

(2982) 

(3  031) 
♦6456 
6  496 
6  520 

6  572 

(3  148) 
6  670 
6  722 
6  802 
6  849 

(3  309) 
6  918 

6  990 

7098 

(3  451) 


(2  732) 

5  937 

*(2  804) 
*(2  804) 
♦(2  822) 
*(2   822) 

6  loi 
*6  203 
*6  203 

6348 
(2  990) 
♦6456 

6  473 
(3  074) 

6  534 

6  625 

6656 
6  702 

6769 
6836 

6857 
(3  322) 

6  940 

7  027 
7  146 

(3  457) 


Adopted  seconds  of 
mean  N.  P.  D. 


n* 


w 


Latitude. 


Indiscriminate  mean  =  39°  09^  47'' '60. 
Weighted  meant        =39   09  47  •604^0'' -07. 

e  =  =fco"-4i. 
70  observations,  26  pairs. 

[Reduction  to  dome  of  capitol  —  o"*85.] 


V 


n 

// 

0    /        ff 

ff 

37-63 

39  57 

2 

6 

39  09  47  -61 

—O'Ol 

3072 

09*78 

2 

6 

47-91 

—0*31 

35-01 

u  -70 

2 

4 

46-72 

-ho -88 

31-63 

II  '70 

2 

4 

47-37 

+023 

55-66 

34-88 

2 

4 

47-61 

— O'OI 

2606 

34-88 

2 

4 

47-32 

+0-28 

24-05 

30-83 

3 

7 

48-33 

-0-73 

34-44 

37-56 

3 

5 

48-03 

-043 

18 -66 

37-56 

3 

5 

47-73 

— 013 

43-69 

10-87 

2 

6 

47-63 

—0*03 

35-93 

1606 

3 

7 

47-53 

+0*07 

48-35 

43-24 

3 

5 

48-14 

-0-54 

43-24 

03-29 

3 

•     5 

4771 

— O'll 

37-08 

1079 

3 

46-49 

-}-I*II 

00 -68 

55-88 

3 

46*82 

4-0-78 

16*29 

05-03 

2 

48-79 

-I  19 

52  76 

14*28 

3 

46  72 

-ho -88 

04-18 

10*04 

3 

47-97 

~o-37 

33-98 

01  *64 

3 

48-17 

-0-57 

5072 

16 -80 

3 

48-14 

-0-54 

51-94 

II  03 

3 

47-87 

—0*27 

28-40 

18*05 

3 

47-45 

+0-I5 

04*04 

46*74 

3 

47*30 

4-0-30 

5909 

58-54 

3 

48*10 

—0*50 

56-20 

15-18 

3 

47-19 

4-0*41 

08 -20 

52-62 

3 

46-87 

4-0-73 

t  For  combined  result  see  synopsis  further  on. 
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10  NEVADA  SERIES — continued. 

ifi^)  Latitude  at  Verdi,  Nevada.  G.  Da\Hdson.  Zenith  telescope  No.  i.  July  12-19, 1872.  One 
division  of  level  =  i^^'oo.  One  turn  of  micrometer  =  45'' -804,  from  circumpolar  observations  at  this 
station. 


Pairs  of  stars. 

Adopted  seconds  of 

mean  N 

.  I',  u. 

// 

ff 

5  210 

5  244 

04  34 

18 -oo 

5  259 

5  271 

3876 

21  -40 

5  313 

5  399   • 

16 -20 

22  "OO 

5  426 

5  459 

01  70 

02-70 

5  497 

5  534 

58-80 

38-40 

5  549 

5  624 

1475 

24*54 

5  618 

*5  705 

34-51 

02  -oo 

5  659 

*5  705 

49  36 

02  -oo 

*5  647 

*5  740 

47  00 

10-93 

*5  647 

*5  745 

47-00 

58-17 

*5  740 

5  753 

10  93 

39*37 

*5  740 

*5  757 

1093 

47*15 

*5  745 

*5  757 

58-17 

47-15 

5  765 

5  823 

52-40 

39  70 

5863 

5  871 

55-84 

5771 

5  900 

5  918 

32-30 

25-24 

5986 

6  036 

43  "15 

34-15 

6  056 

6  147 

13 '15 

17-80 

6  237 

6  255 

02 -20 

32  56 

6  357 

6  391 

38-20 

10-92 

6438 

6  496 

37  74 

15*50 

6  516 

6  534 

45-36 

43*40 

6  520 

6  553 

44-34 

55  65 

6  574 

6  601 

34-28 

55  02 

6623 

6637 

01  50 

53*39 

6656 

6  667 

36-16  . 

15*50 

6  690 

6  697 

27  '12 

31  -60 

♦6  714 

6  730 

03  20 

51*50 

*6  714 

6  734 

03  20 

29-12 

6  754 

6  784 

40-29 

07-90 

6  772 

6  808 

48-96 

32-66 

6  819 

6834 

19*50 

12-10 

6852 

6  901 

46-50 

27  -11 

*6  928 

6  940 

44  30 

26  34 

*6  928 

6  943 

.  44-30 

15*30 

6  937 

6963 

08  03 

29*73 

6983 

7  029 

40-61 

17-90 

♦6  996 

7  001 

5708 

44*54 

*6  996 

7  008 

57-08 

57  56 

7  061 

7  lOI 

44-70 

47*23 

7  122 

7  185 

00-34 

30  60 

7  204 

7  233 

29-00 

35-00 

7  260 

7  313 

00  03 

42-57 

7  401 

7  437 

22-80 

26-15 

«' 


5 

5 

3 

4 

5 

5 
I 

6 

I 

I 

6 

I 

5 
6 

7 

5 

5 

5 

4 

5 

5 
I 

4 
6 

5 
6 

6 

5 

5 
I 

4 
5 

5 

I 

3 
I 

4 
I 

I 

5 

5 

5 

5 
I 


w  Latitude. 

6  39  31  04-23 

6  04-99 

5  04-96 

6  05  03 
6  05  70 
6  05  -79 

2  04*45 

4  04-50 

2  04-58 

2  05-66 

3  04-46 

2  04-01 

3  05  -73 
6  05  90 
6  05-19 
6  04  23 
6  03  -91 
6  04-59 
6  04*41 
6  04-60 
6  05  63 

3  03  40 
6  04*28 
6  04-90 
6  04-72 
6  04-89 
6  04*56 

4  03  -58 

4  03*44 

3  04*18 

6  04-70 

6  03  76 

6  04  73 

2  03  63 

3  04  29 
3  05  99 
6  05-13 
2  05  27 

2  04-75 
6  04  "75 
6  04-96 
6  04*61 
6  03*60 

3  05  *I4 


V 

// 

4-0*47 
—0*29 

—0*26 

-033 

—  I  *oo 

—  I  *09 
+0*25 

-|-0*20 
4-0*I2 
—0*96 
+0*24 
+0*69 
— 1-03 

—  I  *20 
-049 

+0-47 

+o*79 
-}-o*ii 

-fo-29 

-ho -10 

-0-93 
+  1*30 

-1-0-42 

— 0-20 
— 0-02 
— O-X9 

-ho -14 

-hi  "12 

-hi  -26 

4-0*52 

0*00 

4-0*94 
—0*03 
4-1-07 

-ho  41 

—  I  *29 

-043 
-0-57 
— 005 

-0*05 

—0*26 
4-0*09 

-hi  -10 

-0*44 


Indiscriminate  mean  •=  39®  31^  04'''' •68. 
Weighted  mean  =39   31  04  "jo±.Qf''vj, 

e=  ±:  &^'42, 
175  observations,  44  pairs. 

[Reduction  to  geodetic  station  o'''*oo.] 
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UNITED  STATES   COAST   AND  GEODETIC   SURVEY. 


lo.  NEVADA  SERIES — Continued. 

(85)  Laiiiude  at  Lake  Tahoe  Southeast,  California.  C.  H.  Sinclair.  Zenith  telescope  No.  ^. 
August  16-20, 1893.  One  division  of  level  =  2^'*  172,  determined  at  office  January,  1893.  One  turn  of 
micrometer  =  76^*172,  from  circumpolar  observations  at  this  station. 


Pairs  of  stars. 

5  940 

5  972 

6  005 

(2  804) 

6  069 

6  114 

6  109 

(2  874) 

<2  888) 

(2898) 

*6  246 

(2  949) 

*6  246 

(2  950) 

*6355 

(2996) 

*6  355 

6  391* 

<3  015) 

(3  018) 

6478 

6  471 

6563 

6  597 

6615 

6  662 

6  670 

6  702 

<3  193) 

6  715 

6  731 

6784 

6834 

6  868 

6  926 

(3  331) 

(3  338) 

6976 

(3  370) 

7  008 

7  022 

7  061 

7098 

7  149 

Adopted  seconds  of 
mean  N.  P.  D. 


n' 


TV 


Latitude. 


Indiscriminate  mean  =  38®  57'  19^78. 
Weighted  mean  =  38    57   19  76  zh  0^*06, 

e  =  ±:  cT'is. 
108  observations,  22  pairs. 

[Reduction  to  geodetic  station  0^*00.] 


V 


ff 

// 

0    /       // 

ff 

26  55 

48*88 

4 

12 

38  57  19  -88 

— 0*I2 

31*63 

II  *72 

5 

13 

20*71 

095 

47*66 

24*06 

5 

13 

19*92 

—0*16 

37*80 

43*58 

5 

13 

19*31 

+0*45 

18-69 

50-38 

5 

13 

19*35 

+  0*41 

57*35 

07*43 

5 

9 

19*82 

—0*06 

57*35 

52-18 

5 

9 

19*77 

— O'OI 

5674 

25*91 

5 

9 

19*46 

40*30 

5674 

57*19 

5 

9 

19*76 

0*00 

57*59 

13*85 

5 

6 

20*76 

—  I  *oo 

32-65 

17*90 

5 

13 

20*07 

0-31 

07*60 

32-58 

5 

13 

19*41 

4-0*35 

22  "02 

29*62 

5 

13 

19*97 

—0*21 

04*18 

10*04 

5 

13 

19*97 

— 0*2I 

43*33 

24*35 

4 

12 

19*80 

— 004 

31*40 

16*40 

5 

13 

19  "lO 

-ho-66 

5901 

33*06 

5 

13 

'9*38 

+0-38 

53*94 

09*16 

5 

13 

19*78 

—0*02 

34*52 

34*66 

5 

13 

19*61 

+0*15 

44*70 

03  36 

5 

II 

19*44 

-fo*32 

08*58 

39*33 

5 

13 

ao*2o 

-o*44 

56  24 

55*13 

5 

13 

19*59 

-ho-17 
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10.  NEVADA  SBRiBS — Continued. 

(86)  Latitude  at  Mount  Conness,  California.  F.  Morse,  J.  J.  Gilbert,  and  I.  Winston.  Zenith 
telescope  No.  i.  August  13  to  September  5,  1890.  One  division  of  level  =  o''' '92,  determined  at  San 
Francisco,  1891.     One  turn  of  micrometer  =  47^'''52,  from  circumpolar  observations  at  this  station. 


Pairs  of  stars. 


6  300 
6  355 
(3  015) 
6  475 
6625 

6  674 

6  745 
6836 

6  867 
6  901 

6  990 

7  126 

7  194 
7  320 
7  336 
7  428 
7  560 
7  631 

7  7oojtf 
(3766) 

7  880 

7958 

8  032 
8  107 
8  188 
8  296 

4 
(34) 
164 
218 

(165) 


6  350 
6  392 

6438 
6  553 
(3  149) 
6697 
6  784 
6833 
6  868 

6  976 

7  061 
7  182 

7  233 

*7  385 

*7  385 

(3  594) 

7  571 
(3660) 

7  796 
7855 

(3  802) 

(3  854) 

8  059 

8  131 
8  227 
8  322 

(19) 
120 

197 

247 
365 


Adopted  seconds  of 
mean  N.  P.  D. 


n* 


w 


Latitude. 


Indiscriminate  mean  =  37®  57'  56''''44. 
Weighted  mean  =  37    57  56  '44  ±l  &''oS, 

e=  dr  0^*51. 
228  observations,  31  pairs. 

[Reduction  to  geodetic  station  -f  3'''34.] 


V 


ft 

// 

0    /        ^ 

// 

23-80 

01  -42 

6 

9 

37  57  57  *i4 

—0-70 

06-26 

34  76 

4 

7 

55*17 

-f-i  -27 

08-74 

25*51 

6 

9 

56-11 

-ro-33 

54*81 

16*93 

7 

9 

56-21 

4-0-23 

23  52 

36-37 

7 

9 

55*89 

4-0-55 

26-91 

16-15 

7 

9 

56  07 

4-0-37 

09*22 

41  -02 

5 

8 

56-30 

4-0-14 

44*34 

03-26 

8 

10 

56-20 

-1-0-24 

51*77 

01  -96 

7 

9 

56-47 

—0-03 

25-94 

07-40 

7 

9 

•    56-55 

— O'll 

32-22 

14*44 

6 

9 

57*19 

0-75 

'4*57 

17*74 

9 

10 

56-08 

4-0-36 

54*06 

37*84 

9 

10 

56-27 

4-0 -17 

38-22 

26-38 

9 

7 

57*39 

-095 

28-82 

26-38 

9 

7 

57 'H 

—0-70 

40-32 

44*30 

8 

10 

56-44 

O'OO 

44*49 

37  65 

8 

10 

56-39 

4-0  05 

12  95 

57 'M 

8 

10 

56-56 

— 0-I2 

29*33 

56-21 

8 

10 

56-11 

+0-33 

57*18 

58-92 

8 

10 

56  07 

fo-37 

05  94 

48  48 

7 

9 

56-61 

—0-17 

45*17 

08-72 

8 

10 

56-93 

-0-49 

50*05 

12-70 

7 

9 

56-16 

4-0-28 

47*19 

42-43 

8 

10 

56-24 

4-0-20 

2685 

32-28 

7 

9 

56-36 

4-0-08 

26-76 

23*64 

7 

9 

55*77 

4-0-67 

01  -02 

35*78 

8 

10 

56-38 

4-006 

57*05 

32*75 

8 

10 

56-41 

4-0-03 

08  48 

18-80 

8 

10 

56-84 

—0-40 

03*53 

30-12 

6 

9 

57*30 

-0-86 

13*53 

56  32 

8 

10 

56-87 

-0-43 
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lo.  NEVADA  SEKiES — continued. 

(87)  Latitude  ai  Round  Top,  California.  B.  A.  Colonna.  Zenith  telescope  No.  i.  August  23- 
29,  1879.  One  division  of  level  =  ©'''•94.  One  turn  of  micrometer  =  47"'52 1 ,  from  circumpolar  observa- 
tions at  this  station. 


Pairs  of  stars. 


5  931 

5  996 

(2  812) 

6  129 

♦6  193 

(2  926) 

*6  355 

6  397 
6  496 

6  615 
6  690 
6  771 
(3  267) 
6  879 

6  928 
*7  001 

7  086 

7  174 
7  256 

7  336 

7  474 

7  595 
7  686 

7  721 


5  975 
(2  797) 

6  079 
6  150 

*6  193 

6  316 

*6  355 
6  463 

(3  078) 
6  662 

6  734 
6  817 

(3  294) 
6895 

6  979 
*7  001 

(3  445) 

7  213 

7  294 

7  398 

7  555 
7  606 

7689 
(3  719) 


Adopted  seconds  of 
mean  N.  P.  D. 


n 


w 


Latitude. 


Indiscriminate  mean  =  38°  39^  46^^  87. 
Weighted  mean  =  38    39  46  -89  =b  o'''*o8. 

^  =  rfr  o''  5 1 . 
140  obsen'ations,  24  pairs. 
[Reduction  to  geodetic  station  -t-  o'^'oi.] 


V 


ff 

ff 

0    /        // 

// 

14-04 

36-17 

6 

6 

38  39  47  -49 

—0-60 

50  62 

52-28 

5 

6 

47-50 

— o-6i 

35  85 

28-57 

6 

4 

46-08 

+0  81 

26  97 

II  -41 

6 

6 

46  32 

-ho -57 

33  96 

33  96 

6 

4 

45-78 

-ft  -ir 

44*18 

41-15 

6 

6 

46-24 

-f-0-65 

41  20 

41  *20 

6 

4 

46-07 

+0-82 

07  39 

33-10 

6 

6 

47-03 

—0-14 

42  32 

52   06 

5 

6 

47  27 

-0-38 

5170 

05-99 

6 

6 

46  63 

+026 

3675 

30  59 

6 

6 

46  89 

O'OO 

13-85 

26  95 

5 

6 

47-56 

—0*67 

02-57 

37-47 

6 

6 

47-08 

—0*19 

47-98 

53-40 

6 

6 

47-58 

—0*69 

29-32 

03-21 

6 

6 

47*12 

—0-23 

26-58 

26  58 

6 

4 

48-06 

-I -17 

14-78 

30-12 

6 

6 

46-98 

— 009 

57-01 

12 -20 

6 

6 

46-08 

-ho -81 

06  89 

26-87 

5 

6 

46-86 

-4-0  03 

41  60 

43  06 

6 

6 

47  -38 

-0-49 

26  92 

40-28 

6 

6 

46-78 

-f-oii 

14-23 

35  02 

6 

6 

46-31 

+0  58 

45  56 

56*00 

6 

6 

46-88 

-ho  Of 

05  82 

32-89 

6 

6 

46-82 

-i-0*07 
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10.  NEVADA  SERIES — continued. 

(88)  Latitude  at  Mount  Lola,  California.  B.  A.  Colonna.  Zenith  telescope  No.  i.  July  3-9, 
1879.  One  division  of  level  =Of''' "94,  determined  at  the  station.  One  turn  of  micrometer  ==  47'" '486, 
from  latitude  observations  at  this  station. 


Pairs  of  stars. 


4  847 

4  930 

5  026 

5  131 
5  249 
5  319 
5  440 
5  497 
5  568 

5  647 

(2  717)* 

5  900 

6  021 

(2  883) 
6  237 
6  300 
6  392 
6  497 
6  574 
6635 
6  690 

6  754 
6  852 

6  913 
6983 


4  874 
955 

5  076 

5  177 
5  284 

5  388 
5  461 
5  534 
5  604 
5  740 
5  874 

5  918 

6  052 
6  203 
6  255 
6  368 
6  404 
6  520 
6  601 
6  657 

6  723 
6  784 
6  858 

6  952 

7  029 


Adopted 
mean  ] 

seconds  of 
N.  P.  D. 

n 

a' 

Latitude. 

V 

ff 

ff 

0     f       ff 

ff 

44*12 

18-74 

2 

5 

39  25  57  -38 

-fo-62 

14-63 

06-65 

6 

4 

58-13 

—0-13 

52*16 

08-77 

6 

9 

58-69 

—0-69 

53  67 

10-78 

7 

10 

57*55 

-fo-45 

34-20 

32  63 

7 

10 

57-64 

-fo-36 

50*20 

49-79 

6 

9 

57  -98 

-fO-02 

58-60 

18-82 

6 

9 

57-81 

-L019 

58 -86 

34-41 

4 

7 

58 -79 

-0-79 

27-44 

37*50 

6 

9 

58 -35 

035 

34  04 

49-04 

6 

9 

58-77 

077 

49*95 

21  -oo 

7 

10 

56 -93 

J    I    07 

53 -81 

47-86 

6 

9 

57*96 

to  04 

27-41 

23  00 

7 

10 

57*89 

-l-o-ii 

36  80 

52  06 

6 

.9 

58  *03 

-0-03 

51-88 

19-91 

7 

10 

58-21 

-    0-2I 

47-45 

58-12 

5 

8 

58-60 

— 060 

13  92 

14*33 

7 

10 

58-75 

-0  75 

22  '42 

10 -TO 

7 

10 

57 -39 

^061 

53  93 

12-12 

•  6 

9 

57*87 

+0-13 

55-09 

17-37 

7 

10 

58  00 

000 

3675 

21  -14 

7 

10 

57*62 

ro-38 

41  -06 

10-87 

6 

9 

57*66 

40-34 

40-35 

07-68 

7 

IP 

57-88 

-ro-i2 

25-50 

"•75 

7 

10 

58-51 

0-51 

25-16 

59-10 

10 

57*87 

+0-13 

Indiscriminate  mean  =  39°  25^  58'''-oi. 
Weighted  mean  =39    25   58-  oodzo'''-o7. 

e=  ibo"-54. 
155  observations,  25  pairs. 

[Reduction  to  geodetic  station  —  o'''-22.] 
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lo.  NEVADA  SBRIES — Continued. 

(89)  Latitude  at  MochOy  California.  P.  A.  Welker.  Meridian  telescope  No.  16.  September 
18-26,  1887.  One  division  of  level  =  2'''-58,  determined  in  1882.  One  turn  of  micrometer  =  67''*3i7, 
from  circumpolar  observations  at  this  station. 


Pairs  of  stars. 

Adopted  seconds  of 
mean  N.  P.  D. 

// 

// 

7  493 

7  547 

07-24 

03*93 

7  567 

7 

582 

04-91 

17-46 

7  641 

7 

658 

36  16 

44-96 

*7  664 

7 

699 

16-41 

47*95 

*7  664 

7 

707 

16-41 

56  10 

7  721 

*7 

770 

46-21 

23  25 

7  731 

*7 

770 

33 -81 

23*25 

7  798 

7 

845 

18  67 

17-09 

7893 

(3  799) 

44  57 

28-65 

7  967 

7  971 

3798 

56  60 

8039 

8 

051 

59*55 

03*05 

8  106 

8 

127 

41-20 

07*74 

8  141 

8 

237 

24  26 

30  39 

8  299 

8 

310 

26  33 

45*87 

(4028) 

(4 

038) 

14-68 

07*78 

(4  052) 

7 

31-00 

25*03 

26 

46 

41-04 

41-14 

102 

(66) 

47  60 

49-12 

126 

142 

31  36 

01  -2^ 

164 

189 

07  23 

37 -81 

213 

228 

33*49 

04*71 

267 

330 

08-14 

39*77 

395 

487 

48  80 

4078 

499 

518 

55*71 

04*53 

558 

577 

45*31 

41-09 

628 

691 

47-00 

.  00-71 

706 

710 

31*41 

46-33 

w  w 

7 

7 

7 

7 

7 

7 

7 

7 
6 

7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 

Indiscriminate  mean  =  37®  28^  36^'' 94. 
Weighted  mean  =  37    28  36  -94  rfc  0^-05. 

e=±L  0^^-44. 
188  observations,  27  pairs. 

[Reduction  to  geodetic  station  o^^'oo.] 


Latitude. 


ff 


V 


n 


37  28  36  "97 

—0-03 

36-31 

+0-63 

36*69 

-fo-25 

36-91 

-ho  03 

37  •16 

—0-22 

36-72 

4-0-22 

36-84 

-f-o*io 

37*4^ 

—0-48 

36  90 

-1-0-04 

3669 

+025 

36-56 

+038 

36  39 

-fo-55 

37*48 

-0-54 

36-44 

-fo-5o 

3666 

+0-28 

36-70 

-fo-24 

36-88 

+006 

37*27 

033 

37*36 

— 0*42 

37*17 

—0-23 

37 -61 

—0-67 

37*37 

-0-43 

36-75 

-ho -19 

37*26 

—0-32 

36 -77 

4-0-17 

37*40 

—0-46 

36-73 

+0-21 
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10.  NEVADA  SERIES — continued. 

(90)  Latitude  at  Marysville^  California,  C.  H.  Sinclair.  Meridian  telescope  No.  i.  May  28 
to  June  2,  1898.  One  division  of  level  =  I'^'^oi,  determined  at  office  April,  1893.  One  turn  of 
micrometer  =  66*029,  from  the  latitude  observations  at  this  station. 


Pairs  of  stars. 

Adopted 
mean 

seconds  of 
N.  P.  D. 

«' 

w 

Latitude. 

V 

// 

// 

0     / 

» 

ff 

4  235 

(I- 979) 

18*22 

14*88 

5 

12 

3908 

12*71 

—0*23 

4  271 

4  302 

08 -35 

10*27 

5 

18 

12  '92 

-0*44 

4  328 

*4  335 

01-74 

12  03 

5 

15 

12  24 

4-0*24 

*4  335 

4387 

12  03 

58-04 

5 

14 

12*18 

-fo*30 

*4  433  . 

*4  479 

25 '55 

00*41 

4 

7 

12  *72 

—0*24 

*4  433 

*4  536 

25  55 

42  *6o 

4 

8 

12*45 

-ho  03 

*4  467 

*4  479 

5078 

00*41 

4 

6 

12*31 

+0*17 

*4  467 

*4  536 

5078 

42*60    . 

4 

6 

12  *o4 

+0  *44  . 

4  552 

4  596 

10 '95 

59*86 

3 

II 

12*34 

-f-014 

4  615 

(2  155) 

46-34 

07*76 

3 

12 

12*22 

-1-0*26 

4696 

4  751 

12  05 

30*64 

5 

17 

13*07 

059 

4  758 

4  812 

15*02 

44*29 

4 

13 

12  *22 

-fO*26 

(2  255) 

(2  265) 

09*19 

13*70 

5 

• 

13 

12*36 

-|-0*I2 

4  870 

4  906 

33*33 

34*43 

5 

14 

12*38 

4-0*10 

Indiscriminate  mean  =  39°  o^  I2''''*44. 
Weighted  mean  =39   08   12  *48  4:c/''o6. 

e=±i  o'''*44. 
61  observations,  14  pairs. 
[Reduction  to  court-house  +  10'' '05.] 
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lo.   NEVADA  SERIES — Continued. 

(91)  Latitude  at  Mount  Hamilton,^  California,  C.  H.  Sinclair.  Meridian  telescope  No.  2. 
November  21-28,  1888.  One  division  of  level  =  o''''9i,  determined  at  office  March-April,  1S88.  One 
turn  of  micrometer  =  65^^*856,  a  mean  of  several  determinations. 


Pairs  of  stars. 

mean  N 

:c:onas  01 
.  P.  D. 

n' 

w 

Latitude. 

V 

// 

n 

0    /       // 

ft 

8  22/; 

*8  256 

55 '27 

3176 

2 

0-6 

37  20  28  -72 

-fo-38 

*8  256 

8  261 

3176 

05  90 

2 

0-6 

28-36 

-^0-74 

(4  057) 

36 

29*11 

03 '94 

2 

0-9 

28  69 

-fo-41 

(43) 

100 

17-07 

31-17 

I 

05 

30  34 

1-24 

121 

170 

46  04 

34-01 

2 

0-9 

17-64 

+  1-46 

285 

31S 

50-14 

17-66 

I 

0-5 

27-34 

.4- 1  76 

*349 

404 

18-24 

30  20 

I 

0-4 

25  99 

-h3-»i 

*349 

432 

18-24 

18-77 

I 

0-4 

26-44 

+  2-66 

453 

515 

54*53 

50  -48 

I 

o'5 

30-91 

-I  -8i 

*56i 

588 

4 1  -84 

27  -20 

3 

0-8 

30-51 

-I -41 

*56i 

610 

41  -84 

23-30 

I 

04 

30-90 

—  I  -80 

628 

691 

29  40 

43-80 

3 

1-3 

30-41 

1-31 

707 

721 

02  47 

03-07 

4 

1-5 

28-38 

-1-0-72 

744 

760 

06  77 

32  57 

3 

I '3 

29  10 

000 

*(38i) 

871 

42-13 

34-86 

4 

1  0 

31  -21 

—2   11 

*(380 

888 

42-13 

09-39 

4 

I  0 

30-93 

-1-83 

967 

(489) 

03-67 

39*23 

5 

17 

29  12 

— 002 

I  040 

I  129 

44-48 

17-30 

4 

I  '5 

28  30 

-i-o-8o 

I  071 

/  (537)    \ 

I  (538) W 

32-19 

39  -35 

3 

1-3 

30-08 

—0-98 

I   139 

I   175 

34  19 

09-82 

4 

1-5 

29  14 

—  0  -04 

I  203 

I  241 

26  -12 

36-62 

4 

1*5 

28-79 

-}-o-3i 

*i  293 

I  316 

13-68 

42-59 

4 

I  0 

29  -10 

O'OO 

*i  293 

I  324 

13  -68 

52-04 

4 

I  -o 

29  32 

— 022 

I  363 

I  425 

25-09 

41  00 

4 

I '5 

27  -66 

-t  I  44 

I  445 

*(772) 

57  74 

29-42 

2 

0-6 

32  37 

3-27 

*(772) 

I  540 

29  42 

36-49 

2 

0-6 

28  -44 

i-o-66 

I  549 

[503] 

Of.) -14 

37*57 

3 

1*3 

27  80 

4-1*30 

1 

Indiscriminate 

mean  =  37* 

'  20^  29'''' 

-II. 

•^ 

IVeighted  mean           =  37 

20    29 

•JOrb 

o''-i7. 

e—-^ 

1^^-27. 

f 
i 

74  obser\'ations,  27  pairs. 

tThe  United  States  Coast  and  Geodetic  Survey  latitude  station  on  the  mount  is  3"'5i  north  and  16" -36  east  of  the 
Transit  House  (or  meridian)  of  the  Lick  Observatory.  The  instrument  was  found  to  l)e  in  a  ver>'  defective  condition, 
and  it  is  hoped  the  latitude  will  'oe  reobscrved. 

Addition  to  foot  note,  JuTy  16. 1900:  Volume  IV  of  the  publications  of  the  Lick  Obserx-atory  (Sacramento,  Cal.,  1900) 
came  to  hand  as  this  paper  was  passing  through  the  press.  R,  H.  Tucker,  astronomer  at  the  observatory,  gives  the 
following  results  for  latitude  of  the  Meridian  Circle  made  during  the  years  1893-94-95-96: 


From  36  stars  at  I'.  C. 

From  4 1  stars  at  L.  C. 

From  32  stars  at  both  culminations 

From  S6  equatorial  stars 

From  22  zenithal  stars 


37°  20'  25"  '49 

•49 

•52 
•65 
•77 


The  resulting  normal  latitude  9>„  as  corrected  for  variations  of  pole  (answering  to  the  epoch  1895-97)  and  derived 
from  about  i  000  obser\'ationsof  77  culminations  of  45  circumpolar  stars  and  from  about  i  400  observations  of  86 equatorial 
stars  is  given  as  yf^  20'  25"57  +  o"o2  (p.  30: ). 

To  compare  this  result  with  that  obtained  by  the  Coast  and  Geodetic  Survey  we  have  the  geodetically  determined 
difference  of  latitude  between  the  Survey  station  and  the  Lick  Transit  House  or  of  the  Meridian  Circle,  derived  from 
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10.  NEVADA  SERIES — Continued. 

(92)  Latitude  at  Yolo  Base  Southeast y  California.  J.  J.  Gilbert.  Zenith  telescope  No.  i.  July 
24-30,  1880.  One  division  of  level  =  ©'''•94,  determined  at  Mount  Lola,  California,  July,  1879.  One 
turn  of  micrometer  =  47'^*4i6,  from  circumpolar  observations  at  this  station. 


Pairs  of  stars. 


5  834 

*5  874 

5  9" 

5  962 

5  996 

6  033 
6  129 

(2898) 

t2    646 

6  463 

6  542 

6  640 

*6  711 

6  745 
6  817 

6  928 

(3  393) 

7  086 

7  200 
7  246 
7  320 
7  465 
7  520 
7  611 
7  686 

7  733 


*5  874 
5  895 
5  931 

5  990 
(2  797) 

6  091 
6  150 
6  235 
6  427 

(3  048) 
6  623 
6  654 

*6  711 
6  777 

6875 

6  979 

7  064 

(3  445) 
7  220 

7  278 
7  398 
7  501 
7  582 
7  664 
7  689 
7  782 


Adopted  seconds  of 
mean  N.  P.  D. 


n' 


Ivatitude. 


// 


17 '47 

24*35 
19-52 

23-80 

52-63 

10  -38 

26-98 

58-95 
35  30 
28  92 

03*55 

52-75 

55*51 
30  10 

18 -08 

1876 

50*77 
02  80 

26  40 

05*76 

59  00 

59*65 
14*60 

16-74 

28-44 
40  66 


// 

24*35 
26-70 

16-49 

45*16 

54-08 

47*40 
II -18 

19*48 

U-43 
37*66 

08-94 
08  23 

55*51 
43  90 
08-23 
52-08 
23-24 
17  62 

37*33 
54  *58 

27 '97 
40  40 

II  -84 

16 -08 

38*56 
41-88 


6 

7 
7 
7 
/ 

7 

y 

I 

7 
7 

/ 

mm 

/ 
/ 
7 
/ 
/ 
/ 
7 

mm 

i 
7 
7 
7 
7 
7 


0   /    // 

// 

5 

38  31  34-21 

-^0  -37 

5 

33  '95 

-0  -63 

7 

33  *85 

•  0-73 

7 

34  *i9 

-0-39 

/ 

34*78 

—0*20 

/ 

34*76 

-  o-iS 

34*66 

— o-o8 

/ 

35  *22 

-o'64 

7 

35  *8i 

-I  -23 

/ 

35  42 

-0  -84 

7 

34  *72 

—0-14 

34*^7 

—0-41 

4 

34  43 

—0-15 

*9 

i 

35*70 

—  I  -12 

7 

34-02 

-ro-56 

/ 

34*85 

-0  -27 

7 

35*11 

0  '53 

7 

34  "35 

-  b  -23 

/ 

34*51 

- -0  07 

7 

33  90 

-^o■68 

/ 

34*27 

4-0-31 

7 

33  *83 

0-75 

/ 

34  *48 

-f-o-io 

mm 

/ 

34*66 

— 008 

7 

34  -19 

-i-0-39 

/ 

34*65 

—0-07 

Indiscriminate  mean 
Weighted  mean 


e 


38°  31'  34''-56. 

38     31    34  •58rro''-o7. 

=bo''-3i. 


181  observations,  26  jjairs. 

[Reduction  to  geodetic  station  —  o'^*45.] 


measures  by  Assistant  R.  A.  Marr  in  1888.  viz:  3""5i.  the  l,ick  Observatory  reference  p)oint  being  sotith  of  the  Survey 
station.     Hence  we  have — 

«>  Coast  and  Geodetic  Survey  station,  1S88      37^^  20'  29"- 10  r^  o""i7 

Same  when  corrected  for  variations  of  pole  29   "06 

•Av  -  3  "51 

9,  Lick  Observatory  Meridian  Circle  37   20  25    55 

showing  a  very  close  agreement,  notwithstanding  that  the  two  stations  are  about  400  metres  apart,  with  a  surface 
depression  between  them  and  a  possible  differential  deflection. 

In  the  above  results  the  reduction  to  sea  level  ( -cf''2\)  is  not  included.  C.  A.  S. 

fGroombridge. 
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lo.  NEVADA  SERIES — completed. 

(93)  Latitude  at  Yolo  Base  Northwest^  California.  E.  F.  Dickins.  Zenith  telescope  No.  i. 
August  28  to  September  3, 1880.  One  division  of  level  =  ©'''•94,  from  observations  at  Mount  Lola  July, 
1879.     One  turn  of  micrometer  =  47'''*424,  from  circumpolar  observations  at  this  station. 


Pairs  of  stars. 

Adopted  seconds  of 
mean  N.  P.  D. 

n' 

Zt' 

Latitude. 

V 

// 

// 

0     /        n 

ff 

*6  193 

*6  193 

33-15 

33  -15 

4 

4 

38  40  36  -56 

+073 

(2  926) 

6  316 

42-68 

38-96 

7 

8 

37-37 

— 008 

*6  355 

*6  355 

38-05 

38-05 

7 

4 

37-62 

-0-33 

G2  646 

6  427 

36-88 

"-33 

/ 

8 

38-06 

0-77 

6  463 

(3  048) 

28  -92 

37-66 

7 

8 

37-43 

—0-14 

6  496 

(3  078) 

37-65 

47-06 

7 

8 

37-20 

-ho -09 

6  542 

6  551 

03-55 

14-40 

7 

S 

36-27 

4-1  -02 

6  644 

6  662 

40-43 

59 -'o 

7 

8 

37*33 

—0*04 

6  745 

6  777 

30' 10 

43-90 

7 

8 

37-91 

—0-62 

(3  267) 

(3  294) 

53-43 

27 -86 

7 

8 

37-07 

-f-0-22 

6  879 

6895 

38-23 

43-54 

7 

8 

37  95 

0-66 

6  92S 

6  979 

1876 

52-08 

7 

8 

37-44 

0-I5 

7  084 

7  "4 

03-95 

53-24 

7 

8 

37-84 

-055 

7  174 

7  213 

44-29 

59-12 

t 

8 

37-03 

-f-o-26 

7  256 

7  294 

53-38 

13-09 

7 

8 

37-78 

o*49 

7  313 

7  336 

49-33 

24-07 

7 

8 

37*99 

—0-70 

(3  565) 

7  503 

47-58 

17-79 

/ 

8 

37-35 

— o-o6 

7  548 

7  568 

4076 

57-10 

7 

8 

36-37 

+0-92 

7  595 

7  606 

57  67 

18-45 

/ 

8 

37-18 

-fO'II 

7  686 

7689 

28  44 

38-56 

7 

8 

37-34 

—0-05 

7  721 

*(3  719) 

48*35 

15-30 

7 

5 

36-66 

4-0-63 

7  731 

*(3  719) 

36-49 

15-30 

7 

5 

36-43 

+0-86 

7  798 

7  855 

24-75 

03  00 

8 

36*90 

+039 

7  880 

7  901 

10 '90 

26-40 

7 

8 

37-66 

-037 

[2  058] 

7  958 

08  80 

54-33 

7 

8 

37-17 

-fo-I2 

(3  843) 

8  023 

19  06 

07*60 

7 

8 

36 -55 

-fo-74 

8  052 

8  107 

44-51 

00-26 

7 

8 

37*65 

—0-36 

Indiscriminate  mean  =  38°  40^  37'''-26. 
Weighted  mean  =38    40    37  •29r!ro'''-o7. 

^  =  rt  0^^-43- 
186  observations,  27  pairs. 

[Reduction  to  geodetic  station  —  o''*i3.] 
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II.    WESTERN   OR    COAST   RANGE   SERIES. 

(94)  Latitude  at  Mount  Diablo^  California,     W.  Eimbeck.     Zenith   telescope  No.  i.     July  27 
to  August  6,  1876.     One  division  of  level  =  o''''933,  determined  at  San  Francisco  March,  1877.     One 


turn  of  micrometer  =  45''' '820,  from  circumpolar  observations  at 


Pairs  of  stars. 

5  795 

5  828 

5  853 

5  922 

5  999 

6  052 

6  087 

6  109 

(2  874) 

6  162 

6  223 

6  246 

6  289 

{2963) 

6  322 

6  350 

6365 

6  392 

(3048) 

6  49^ 

6  528 

6  555 

6  602 

6623 

6637 

6659 

6  674 

6697 

6  741 

6  762 

6  824 

6  866 

6  901 

6  924 

6  944 

6985 

• 

7  022 

7  073 

[I  819] 

7  143 

7  173 

7  220 

7  262 

7  275 

Adopted  seconds  of 
mean  N.  P.  D. 


iV 


59  13 

30*43 

19  55 

57*67 

45*73 

15*33 
14-64 

27*34 

49*74 

55*33 
10-05 

47*34 
28*07 

05*64 
07  49 
33*32 
47*58 
25*40 
2174 

43*65 
08*92 

28-39 


47*89 
40*82 

19*97 
31*66 
09*71 

21-36 

22  *2I 

38-35 
24*53 
56   32 

30  57 
34*86 

13*36 
01  *47 

36-15 
06*01 

OO'II 

54*34 
29*66 

04*75 
32-86 

09  95 


5 

5 

5 
6 

6 

6 

6 

5 

5 

4 

5 
6 

6 

5 

5 
6 

6 

6 

6 

5 

5 
6 


his  station. 


Latitude. 


o       / 

37  52 


// 


Indiscriminate  mean  =  37°  52^  49^*63. 
Weighted  mean  =37    52  49  *63  dr  o^-o6. 

^  =  ±0^*37. 
120  observations,  22  pairs. 

[Reduction  to  geodetic  station  -f-  0^*03.] 


50-03 
49*46 

49  52 
48*99 

50  50 
50-10 

49  05 
50-52 

49*47 
49 '02 

49*27 

49*39 
49  '38 
49*26 

49*83 
50-18 

49*96 
49*46 

49*87 
49*28 

49*13 
49*39 


-  0*40 
-fo-i7 

-f-O'II 

1  0*64 
-0*87 
-o  47 

io*58 
—0*89 
-0*16 
—0*29 
4-0  36 
-fo*24 
-f  o  -25 
-ho -37 

~0-20 
-0*55 

-0-33 
-fO-17 
—0*24 

4-0*35 

-fo*5o 
-i-024 
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II.    W'BSTERN  OR   COAST   RANGB  SERIES — continued. 

(95)  Latitude  at  Vaca^  California.  J.  S.  Lawson.  Zenith  telescope  No.  i.  November  4-1 1, 
1880.  One  division  of  level  =©'''•942,  determined  at  Mount  Lola,  July,  1879.  Gn^  turn  of  microm- 
eter =  47'''456,  from  circumpolar  observations  at  this  station. 


Pairs  of  .stars. 

Adopted 
mean 

seconds  of 
N.  P.  D. 

// 

// 

7664 

7  700 

16 -08 

23-30 

7  733 

7  754 

40  50 

25-30 

7  778 

7  807 

16 'lO 

27-80 

7  823 

7  896 

05  50 

46-66 

7  902 

7  9" 

21  -04 

35-11 

7  937 

7  953 

56-40 

59-64 

7  967 

8  003 

50  16 

43-20 

8  032 

8  036 

04-54 

00-14 

8  071 

8  124 

40*60 

41-56 

8  147 

8  158 

55-68 

23-27 

8  177 

8  217 

48-19 

15-91 

8  282 

8  299 

12-65 

46  46 

8316 

8  324 

58-18 

32  25 

t6  258 

8354 

32*75 

51-49 

8 

18 

18-52 

39-80 

55 

*8o 

06-49 

02-74 

63 

♦80 

54  56 

02  74 

100 

120 

II  -01 

51  -60 

138 

154 

31-62 

08 -74 

166 

189 

45-46 

55  52 

223 

239 

27  -60 

03-70 

(165) 

(19O 

26-31 

42  29 

374 

393 

5876 

12  -00 

413 

416 

26-80 

20 -21 

45" 

476 

29-80 

10 -20 

509 

*538 

32-30 

20-34 

515 

*538 

17-39 

20  34 

*566 

579 

47-85 

41    18 

*566 

580 

47  -85 

15-48 

614 

648 

36  94 

20  87 

675 

706 

3669 

28-85 

744 

755 

18-39 

32   62 

7 

7 

7 
6 

7 
7 
7 

7 

•» 
/ 

7 

7 

7 

7 
6 

7 

7 

7 

7 
6 

7 
7 

7 

•• 
y 

7 
7 

mm 

I 
7 
/ 
7 
7 
7 


9 
9 
9 
9 

9 

8 

9 

9 

9 

9 

9 

9 

9 

9 

9 
6 

6 

9 

9 

9 

9 

9 

9 

9 

9 
6 

6 

6 

6 

9 
9 
9 


Latitude. 


o       / 
38   22 


Indiscriminate  mean  =  38®  22'  23''''-4i. 
Weighted  mean  =  38    22   23  -43  zfc  o^-o6. 

e=±L  o"-45. 
221  observations,  32  pairs. 

[Reduction  to  geodetic  station  -|-  o'''-37.] 


23-60 

23-67 
23-96 
22-96 

23-73 
23  75 
23-76 
22-76 

23-99 
23-11 

23-77 
23-41 
23-42 

24-25 
23 -68 

23-39 

23*33 
22-66 

23-68 

23 '95 

23-14 

23-46 
24-40 
23-71 

23-19 
22-45 

22-48 

23  -22 

22-81 

23-18 

23-38 
22-72 


2' 

// 
—0-17 
—0*24 

-053 
+0-47 

—0-30 

-032 

-0-33 

-fo-67 
—0-56 
-fo-32 

—0-34 
-1-0-02 

-fO'OI 

—0-82 
—0-25 
-ho  04 
-fo-10 

+077 

—0*25 
—0-52 
+0-29 
—0-03 
-0-97 

—0-28 

-ho -24 
-ho -98 
-ho -95 

-^^0-2I 

-»-o-62 

-fO-25 

-ho -05 
-ho -71 


t  Number  6  25S  of  RadclifTe  Catalogue  of  1B45. 
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II.  WESTERN  OR  COAST  RANGE  SERIES — Continued. 

* 

(96)  Latitude  at  Monticello^  California.  J.  S.  Lawson.  Zenith  telescope  No.  i.  October  3-13, 
1880.  One  division  of  level  =  o'^'942,  determined  at  Mount  Lola,  July,  1879.  One  turn  of  micrometer 
=  47'''396,  from  circumpolar  observations  at  this  station. 


Pairs  of  stars. 

(3  415) 

[I  819] 

7  125 

7  211 

7  256 

7  294 

7  313 

7  336 

(3  565) 

7  503 

7  548 

7568 

7  595 

7  606 

7  686 

7689 

7  721 

(3  719) 

7  798 

7  855 

7  880 

7  901 

[2  058] 

7  958 

(3843) 

8  023 

8  052 

8  107 

8  153 

8  227 

8  248 

8  279 

8  307 

8  350 

8372 

32 

89 

125 

153 

178 

214 

244 

264 

314 

334 

377 

416 

446 

465 

480 

501 

516 

*558 

581 

*558 

593 

651 

663 

676 

697 

728 

744 

Adopted  seconds  of 
mean  N,  P.  D. 


n* 


w 


Latitude. 


Indiscriminate  mean  =  38°  39^  46^' "46. 
Weighted  mean  =  38    39    46   '46  rt  &^'o^, 

195  observations,  31  pairs. 

[Reduction  to  geodetic  station  —  o'^'3i. 


V 


if 

ff 

0     /      // 

// 

59-58 

55-25 

5 

4 

38  39  45  -93 

+053 

24  90 

44*18 

4 

4 

45*23 

-l-i  -23 

53-38 

13*09 

7 

4 

47*52 

-1-06 

49*33 

24  04 

6 

4 

46-81 

0-35 

47-58 

17-79 

7 

4 

46-40 

-fo-06 

4076 

57*10 

6 

4 

44-79 

4-1-67 

57*67 

18-45 

7 

4 

46  36 

-{-0-I0 

28-44 

3856 

7 

4 

46-37 

-j-0-09 

48-35 

15*30 

7 

4 

45*86 

-}-o-6o 

24*75 

03  or 

.    6 

4 

45*81 

-fo-65 

10-90 

26-40 

6 

4 

46-33 

-f-0-13 

08-80 

54  33 

7 

4 

46-09 

+0-37 

19-06 

07  60 

7 

4 

45*21 

r-i  -25 

44*51 

00*26 

8 

4 

47-27 

—0-81 

27  -62 

51*47 

7 

4 

47*08 

-0  -62 

49  50 

08-92 

6 

4 

45-99 

to -47 

41*43 

II  -40 

/ 

4 

47*82 

-1-36 

5676 

38-23 

7 

4 

47-48 

—  I  -02 

21  -oo 

50-12 

/ 

4 

46  67 

--0-21 

49*56 

44*99 

6 

4 

46  96 

—0-50 

38-98 

39*20 

7 

4 

45 '91 

+0-55 

50*03 

08-75 

6 

4 

46  30 

-ho -16 

57*83 

37*54 

7 

4 

46 -99 

0-53 

20  30 

55*24 

7 

4 

47-35 

—0-89 

43*07 

43-00 

7 

4 

47*17 

—0-71 

37*63 

38-16 

7 

4 

46-18 

-t-0-28 

51*04 

42-05 

8 

3 

46-97 

—o'si 

51*04 

24-27 

8 

3 

46-85 

-0-39 

16-40 

II  -46 

3 

3 

45*55 

-ho -91 

56-14 

33*57 

3 

3 

46  60 

—0-14 

40-10 

18-38 

2 

3 

46-47 

— O'OI 

720 
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II.    WESTERN  OR    COAST    RANGE   SERIES — continued. 

(97)  Latitude  at  Washington  Square^  San  Francisco^  California,  W.  Eimbeck.  Meridian 
telescope  No.  i.  July  i,  1873.  One  division  of  level  =  6^' '42.  (This  level  temporarily  used  on  this 
instrument.)     One  turn  of  micrometer  =  64'' '37. 


Pairs  of  stars. 

4  980 

4  991 

5  067 

5  n6 

5  273 

5  313 

5  348 

5  392 

5  417 

5  484 

Adopted 
mean 

seconds  of 

N.  P.  D. 

n' 

TV 

Latitude. 

V 

ff 

/f 

0     /      // 

// 

2709 

38-54 

05 

37  47  53  -72 

+3 '25 

34-40 

07-39 

05 

55  96 

+1*01 

55-50 

26-61 

05 

58-20 

—I  23 

42-36 

13-06 

0-5 

59-33 

-236 

56-87 

10*07 

05 

57-65 

-o'68 

Indiscriminate  mean 
Weighted  mean 


=  37**  47^  56^' -97. 

=  37    47  56   '97  :t  o'^-66. 


Probable  error  of  a  single  result  from  a  single  pair  =  db  1^^*48. 
5  observations,  5  pairs. 

[Reduction  to  geodetic  station  o^^'oo.] 


(98)  Latitude  at  Lafayette  Pdrk, 
No.  I,    January  6 to  February  24, 1888, 
One  turn  of  micrometer  =  47^^-50,  from 


San  Francisco,  California,  G.  Davidson.  Zenith  telescope 
One  division  of  level  =  ©'''•912,  from  observations  at  this  station, 
circumpolar  observations  at  this  station. 


Pairs  of  stars. 

Adopted  seconds  of 
mean  N.  P.  D. 

n' 

w 

Latitude. 

V 

r/ 

// 

0    /       ff 

ff 

569 

587 

01  '96 

05*86 

8 

17 

37  47  28  -61 

-053 

632 

646 

07-78 

35-61 

8 

17 

27-73 

-fo*35 

707 

733 

02*69 

55-83 

8 

17 

28*42 

-0-34 

761 

(381) 

46*86 

43-08 

8 

'3 

27*61 

+047 

827 

872 

45-45 

06 'OI 

8 

17 

28*09 

—0*01 

948 

986 

05*80 

51  -02 

8 

17 

27  96 

-ho '12 

I  023        1 

035 

05*10 

18*49 

8 

17 

28*02 

-fO-06 

♦i  087         1 

III 

52  02 

50  59 

8 

II 

28*27 

—0*19 

*i  087        1 

133 

52  02 

34-97 

8 

11 

28*24 

—0*16 

I  192        ] 

[  214 

33*93 

48*00 

7 

16 

27*89 

+0*19 

I  274        1 

[  3^8 

15  84 

50-35 

8 

17 

27  96 

-|-0*I2 

I  362        ] 

[  382 

48-37 

01  *7o 

8 

17 

27*37 

-ho -71 

I  398        J 

I  452 

34-90 

45*44 

8 

15 

28*28 

—0*20 

*i  496      t< 

)  261 

21  *20 

19-30 

I 

2 

27  81 

4-0*27 

*i  496        J 

f  538 

21  -20 

3«-34 

8 

II 

27-78 

-fo-30 

I  554        ^ 

I  572 

08*21 

01-73 

8 

17 

27-87 

-hO*2I 

I  625        ] 

[  642 

09*98 

56-98 

8 

15 

28-56 

—0*48 

♦i  705        ] 

[  726 

33-85 

24*08 

9 

12 

27-91 

+0*17 

*i  705        J 

I  734 

33-85 

25-90 

9 

12 

27*99 

-ho  09 

I  777        ] 

r  852 

50  30 

40*08 

9 

18 

27*82 

-ho  26 

I  867      *] 

[  887 

40*83 

23  00 

6 

10 

27-45 

+0*63 

I  876      * 

I  887 

44-22 

23-00 

8 

II 

27*70 

4-0*38 

I  928 

I  952 

13-49 

39  67 

8 

17 

28*05 

-ho  03 

t  Number  in  I^I^nde. 
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II.    WESTERN   OR   COAST   RANGE  SERIES — continued. 


(98)  Latitude  at  Lafayette 

Parky  San  Francisco ^ 

California  y  etc 

•. — Completed. 

Pairs  of  stars. 

Adopted 
mean 

seconds  of 
N.  P.  D. 

n' 

w 

Latitude. 

V 

// 

// 

0     / 

// 

// 

I  989 

2  020 

41*49 

53-14 

S 

J7 

37  47 

28-60 

—0-52 

2  090 

2  107 

04  29 

58*49 

8 

17 

27  -oi 

-f  I  07 

2  143 

2  230 

55-85 

32-40 

8 

17 

28*01 

+0-07 

2  249 

2  265 

45-28 

07-19 

8 

9 

27  "95 

-f-0-13 

2  300 

2  313 

32-05 

44-31 

8 

17 

28-68 

—0-60 

2  330 

2  376 

2871 

44-89 

8 

17 

28-00 

+0-08 

(I  280) 

2  493 

22  '09 

22  -40 

8 

17 

28-13 

— 005 

2558 

2  616 

02*89 

07-97 

9 

18 

28-31 

—0-23 

2  650 

2  744 

02*13 

54-31 

9 

18 

28-42 

-0-34 

2  776 

2  8i6 

31  -22 

07*40 

II 

18 

28-58 

—0-50 

2  842 

2  897 

26*83 

21-98 

12 

19 

28-21 

—0-13 

2  942 

2  982 

05  27 

10-77 

9 

18 

28-13 

—0-05 

3  033 

3  059 

33-69 

28-00 

II 

18 

28-26' 

— 018 

3  069 

*3  150 

25  06 

00-34 

6 

10 

28-47 

-0-39 

3  088 

*3  150 

32-75 

00-34 

10 

12 

28-34 

—0-26 

Indiscriminate  mean  =  37®  47'  28^^-07. 
Weighted  mean  =  37    47   28  'oS  zb  0^^-04. 

^  =  rb  o'''-37. 
310  observations,  38  pairs. 

[Reduction  to  geodetic  station  o'^'oo.] 

Station  No,  g8.  San  Francisco,  Lafayette  Park  Observatory,  California,  George  Davidson, 
observer.  May,  1891,  to  August,  1892.  Instruments,  zenith  telescopes  Nos.  i  and  3.  This  is  one  of 
the  latitude  variation  stations ;  the  results  are  published  in  detail  in  Coast  and  Geodetic  Survey  Repoft 
for  1893,  part  2,  Appendix  No.  11,  pp.  441-509.  The  number  of  individual  observations  and  results  for 
latitude  at  this  station  is  not  less  than  6  768.  The  value  <p  =  37°  47^  28''''-33  as  given  on  page  504 
is  adopted. 

(99)  Latitude  at  San  Francisco,  California,  Presidio,  old  station.     G.  Davidson  and  J.  RockwelL 
Zenith  telescope  No.  3.     January  28  to  February  10, 1852.     One  division  of  level  =  i^^'od.     One  turn  off 
'  micrometer  =  46^'' '63. 


Pairs  of  stars. 

Adopted 
mean 

seconds  of 
N.  P.  D. 

n' 

w 

Latitude. 

V 

// 

// 

0     / 

// 

// 

808            816 

52*78 

46*15 

2 

5 

37  47 

35  26 

4  0  72 

904            967 

54-76 

26-50 

5 

8 

36*36 

-0-38 

983      *i  017 

13  -78 

22  -oS 

0 

5 

35  60 

to  -38 

993      *i  017 

II  -20 

22  -08 

5 

5 

35-21 

i-o-77 

I  034         I  065 

23-74 

55-32 

4 

7 

36  59 

— o-6i 

I  040         I  059 

37-72 

29-28 

5 

8 

36*24 

0  26 

I  092         I   127 

48-63 

09-63 

4 

7 

3576 

i  0  22 

I  105       *i   132 

32*25 

49  84 

5 

5 

36*56 

-0-58 

*i   132         I   139 

49-84 

37-01 

6 

6 

36  -85 

-0  -87 

18732 — No.  4 — 

-46 

'    « 

722 


UNITED  STATES   COAST   AND   GEODETIC  SURVEY. 
II.    WESTERN  OR   COAST   RANGE   SERIES — continued. 


(99)  Latitude  at  San  Francisco^  California^  Presidio ^  old  station^  «?/<:. —Continued. 
Pairs  of  stairs.  *'^°Pl^x*?^^°^  °^  »'  w  Latitude. 


* 
« 


« 


I  144 
I  192 
I  203 

I  362 

1  371 

I  434 

I  445 
I  490 

I  492 
I  526 
I  526 

I  554 
I  602 

I  609 
I  705 
I  777 
I  777 
I  778 
I  821 
I  887 
I  900 
I  970 

1  989 

2  005 
2  009 
2  090 

*2  III 
*2  III 
*2  III 
♦2  143 
*2  143 

2  261 
*2  330 
*2  330 
*2  376 

2  451 
2  501 


174 
214 

275 
272 

349 
328 
382 

425 
470 

475 
534 
534 
546 
547 
572 
663 
649 
726 

852 
862 
804 

849 

I  939 

1  942 

2  024 

*2  020 

*2  020 

*2  020 

2  107 

2  175 
2  187 

2  220 

2  199 
2  255 

2  340 

2  369 

*2  376 

2  486 

2  527 
2  519 


V 


// 

// 

0    /       // 

ff 

16-32 

57-51 

4 

7 

37  47  35  *46 

-f-0-52 

1879 

19-23 

5 

8 

35*43 

+0-55 

05-35 

52-59 

4 

7 

34*21 

-1-1*77 

43 'lo 

35*44 

5 

8 

35*76 

-f-0-22 

41  '21 

00 -08 

5 

8 

35*90 

-{-o-o8 

23 -66 

02  -80 

5 

8 

35*52 

-f-0-46 

58-32 

01  -51 

5 

8 

35*63 

■fo-35 

30  96 

16-78 

5 

8 

35*87 

-fo*n 

26-56 

16*91 

5 

8 

36-14 

—0-16 

1976 

36*84 

5 

8 

36-49 

-0-51 

47-00 

05-87 

4 

5 

36-02 

—0-04 

07-65 

05-87 

5 

5 

35*86 

-(-0*I2 

58-38 

29*18 

5 

5 

36-57 

0-59 

58-38 

30*00 

5 

5 

36-38 

—  0*40 

18-67 

06-87 

5 

8 

36-60 

—0*62 

46-72 

29-84 

5 

8 

36-39 

—0-41 

31-84 

07-65 

5 

8 

35*44 

+o'54 

27-16 

14-65 

5 

8 

35*84 

-fo-14 

18 -12 

31-64 

5 

5 

35*50 

.  -f  0  -48 

18-12 

13-18 

4 

5 

35*33 

-fo*65 

28  08 

41*93 

5 

8 

35*35 

+0*63 

25    20 

10*45 

5 

8 

35*54 

-fo*44 

54-73 

47*54 

5 

8 

35*54 

-fo-44 

J  I  -72 

35  56 

5 

8 

35*84 

4-0-14 

26*46 

14*92 

5 

8 

36-55 

-0-57 

24-94 

21  *25 

6 

4 

36-87 

—0-89 

33*75 

21*25 

5 

4 

36-54 

—0*56 

57-68 

21  25 

6 

4 

36-07 

—0*09 

5696 

44*37 

6 

8 

35*77 

-}-0*2I 

51-66 

49-88 

5 

4 

36*64 

-0-66 

51-66 

58-08 

6 

4 

36-11 

—0-13 

51-66 

00 'OI 

6 

4 

36-33 

-0-35 

27-50 

38-03 

5 

5 

35*94 

4-0-04 

27-50 

19*82 

6 

6 

36-14 

—0*16 

10-81 

02  *I7 

5 

8 

35*04 

-ro*94 

15-56 

58-72 

5 

5 

36-32 

--034 

15-56 

II  *62 

6 

4 

35*81 

4-0*17 

II  -62 

33-79 

5 

5 

35*69 

-rO*29 

10-97 

53*33 

6 

8 

36-34 

—0*36 

09-20 

35*01 

I 

3 

35*28 

4-0-70 
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II.    WESTERN   OR   COAST   RANGE  SERIES — continued. 


(99)  Latitude  at  San  Francisco^  California,  Presidio ,  old  station,  ^/r.— Completed. 
Pairs  of  stairs.  Adopted  seconds  of  ^,  ^  Latitude. 


Indiscriminate  mean  =  37°  47'  35^'''99. 
Weighted  mean  =37    47  35  '98  db  c/^'cx;. 

e  =  ±.  </'-47. 
336  observations,  68  pairs. 

fReduction  to  geodetic  station  —  o'''"24.] 


V 


// 

// 

0     /       // 

// 

2  532 

2  551 

17 '94 

06-40 

5 

8 

37  47  35  *I9 

+079 

2  558 

2  616 

00 '02 

44*98 

5 

8 

36-12 

—0*14 

2   648 

2  720 

30  62 

56-39 

5 

8 

35*82 

-f-016 

2   664 

2  704 

26  80 

27  -lo 

6 

8 

36*43 

-045 

2   731 

♦2  776 

10-50 

04  14 

4 

5 

36-83 

-0-85 

♦2   776 

2  816 

04-14 

11*54 

5 

5 

35*88 

-fo-io 

2   732 

2  799 

35*43 

47*30 

5 

S 

36-64 

-0-66 

2  867 

♦2  884 

10-52 

39*11 

5 

5 

36-23 

—0-25 

*2  884 

2  958 

39*" 

09*74 

5 

5 

35*91 

-fo-07 

2  876 

2  897 

25-54 

01-43 

5 

8 

36-28 

—0-30 

2   942 

2  982 

31*54 

20-87 

5 

8 

35 '92 

+0-06 

2  989 

3  016 

35*84 

49-30 

5 

8 

36  30 

—0-32 

2  999 

3  059 

30-08 

05*29 

5 

8 

36-96 

—0-98 

3  135 

3  171 

56-62 

12-56 

5 

8 

35*57 

+0-41 

3  169 

3  246 

07-94 

56-40 

5 

8 

35*41 

+0-57 

3  221 

3  250 

42  73 

51  *i6 

5 

S 

35 -80 

-fo-18 

3  255 

3  341 

43*32 

32  39 

5 

8 

36-95 

0-97 

3  292 

3  358 

14-82 

50-27 

5 

8 

36*33 

-0-35 

3  390 

3  453 

49*13 

03-82 

5 

8 

36-47 

-049 
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II.  WESTERN  OR  COAST  RANGE  SERIES — Continued. 

(loo)  Latitude  at  San  Francisco^  Presidio  new  station^  California,  O.  B.  French.  Zenith  tele- 
scope No.  3.  November  5-13,  1896.  One  division  of  level  =^\q  .ge_  i!S?f^  i'  determined  at  this  sta- 
tion.    One  turn  of  micrometer  =  47''*636,  from  circumpolar  observations  at  this  station. 


Pairs  of  stars. 

Adopted  seconds  of 
mean  N.  P.  D. 

// 

» 

991 

998 

51*36 

00-38 

I  045       *i 

[065 

48-10 

28-81 

I  053       *^ 

t   065 

'         56  74 

28-81 

I  087         ] 

[    III 

11-63 

14-33 

I   138 

(586) 

29  51 

30-21 

(600)       ] 

[    203 

05-25 

58  92 

I  262         ] 

[    287 

50  96 

18*98 

I  302         ] 

f    313 

35  "15 

43  75 

I  3^3        ] 

[    382 

17 '35 

56-25 

I  425        ] 

[   449 

40-98 

34-16 

I  496        ] 

f    538 

31-85 

45-13 

I  554        3 

t    572 

27  -11 

21-45 

I  602        ] 

[    663 

20*64 

44  12 

I  705        ] 

[    726 

10 -08 

00-33 

I  749p      ^ 

f    751 

08-77 

33*54 

I    821            ] 

[    849 

07-14 

08*62 

I  867      *] 

[    887 

31-49 

17  -20 

I  876      *i 

[    887 

36-56 

17  -20 

I  928        ] 

^    952 

11-09 

41-41 

I    989         *2 

8   020 

45-71 

01  -82 

2  009      *: 

\   020 

29*90 

01-82 

2  090        2 

5    107 

20*19 

16*49 

2    143           3 

\    230 

16-99 

03-39 

2  i249        2 

I    265 

18-58 

42*40 

2  300        2 

f   313 

13-56 

25-98 

2   330        *3 

5    369 

12*66 

17-59 

2    362         *2 

^   369 

53-25 

17-59 

6 

5 
6 

6 

6 

6 

6 

6 

6 

5 

5 
6 

5 
6 

6 

6 

6 

5 
6 

6 

5 
6 

6 

6 

5 
6 

6 


zu  Latitude. 

o  /  // 

14  37  47  48  -37 

9  49  -18 

10  48  -82 

14  48  -61 

14  48  -oo 

T4  47  -89 

14  48  *22 

14  48  *oo 

14  48  "34 

14  48*12 

14  48  *i4 

14  48*11 

14  48  *I9 

14  '  48*16 

14  48*18 

14  47  -62 

10  47  -81 

9  47*94 

14  47  -90 

10  48  *99 

9  49*00 

14  47  -91 

14  48  -47 

8  47-96 

14  48  -05 

10  48  -22 

10  48  -58 


>*I5 
•96 
--o*6o 

—0*39 

-|-0*22 

-fo-33 

O'OO 

-fO*22 
— 0-I2 

+o*io 

-f  o  08 

-j-O'II 
+0*03 

-}-o*o6 
-fo-04 
-f  o  60 
-fo*4i 
+028 
-fo*32 
-077 
—0*78 

-fo-3i 
—0*25 

-|-o*26 

-(-OT7 

0-00 
—0-36 


Indiscriminate  mean  =  37°  47''  48'''*25. 
Weighted  mean  =  37    47   48  '22  d= 

^  =  =b  o'''*22. 
155  observations.     27  pairs. 
[Reduction  to  geodetic  station  o'-^'oo.] 


o''*o5. 
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II.    WESTERN  OR   COAST  RANGE   SERIES — CX>ntinued. 

( loi)  Laiitude  at  Tamalpais,  California,  J.  F.  Pratt  Zenith  telescope  No.  i.  September  12-26, 
1882.  One  division  of  level  =  q/^'<)1,  determined  at  this  station.  One  turn  of  micrometer  =  4/''*48o, 
from  circumpolar  observations  at  this  .station. 


Pairs  of  stars. 

Adopted  seconds  of 
mean  N.  P.  D. 

// 

ff 

6  901 

6  924 

47-23 

58-25 

6  944 

6985 

22*23 

48*68 

7  022 

7  073 

13*52 

18-75 

[I  819] 

7  143 

3099 

50-06 

7  173 

7  220 

5272 

09 '55 

7  262 

7  275 

05 -86 

47-56 

7  320 

7  385 

30-84 

28*04 

7  410 

7468 

57-48 

49*10 

7  505 

7566 

40-57 

22*48 

7  585 

7  637 

40 -68 

30-81 

7  693 

7  727 

31*91 

36-69 

7  742 

7  759 

2663 

27 -66 

7  845 

7  914 

49-31 

28  96 

7  958 

(3  854) 

16-46 

42-85 

8032 

8059 

25  -63 

48-65 

8097 

8  114 

4270 

46*12 

8  125 

(3  950) 

19-51 

04-35 

8  212 

(3981) 

5066 

02*51 

8  296 

8  322 

06  56 

02*71 

8374 

7 

46-89 

17  -22 

*52 

*52 

24-63 

24-63 

(51) 

78 

36-36 

21-53 

92 

133 

43-70 

02  *72 

164 

197 

45-15 

58-08 

223 

255 

48-61 

34-89 

283 

334 

21-77 

19-45 

345 

404 

11-65 

24*16 

441 

514 

07-19 

01-49 

6 

7 
6 

6 

7 

7 
6 

6 

6 


w 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

3 

5 

5 

5 

5 

5 

5 

5 


Latitude. 


37 


55^^  19^-08. 

55   19  *o8=fco^ 


Indiscriminate  mean  =  3 
Weighted  mean  =  3 

^  =  =fco'-'*56. 
189  observations,  28  pairs. 
[Reduction  to  geodetic  station  =  0^^-04.] 


55  19-72 
18*42 

18*91 

18  62 

18-34 
18*87 

20*06 

20-24 

19-32 

19*51 
19*67 
18*41 
18 '97 
18 '82 
18-38 

18-59 
18*21 

19-33 
19*00 

18*08 

19*11 

19-31 
20  25 
18*88 

18-45 
20*20 

19*69 

18*83 

08. 


V 


rf 


—0*64 
4-0*66 

+0-17 
-1-0*46 

-fo*74 
+0*21 
-0*98 
-1*16 
—0*24 
-0*43 
— o*59 
4-0*67 
-fo*ii 
4-0*26 
4-0*70 

4-0-49 
4-0*87 
—0*25 
4-0  08 
4-1  "oo 
—0*03 
—0*23 
-1*17 
4-0 -20 
4-0-63 

—  I  -12 

— o*6i 
4-0-25 
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UNITED  STATES  COAST  AND  GEODETIC  SURVEY. 


II.    WESTERN  OR  COAST  RANGE  SERIES — continued. 

(102)  Latitude  at  Mount  Helena ^  California.  W.  Eimbeck.  Zenith  telescope  No.  i.  November 
7-20,  1876.  One  division  of  level  =  o'^"933,  determined  at  San  Francisco  March,  1877.  One  turn  of 
micrometer  =  45^'795,  from  circumpolar  observations  at  this  station. 


Pairs  of  stars. 

Adopted  seconds  of 
mean  N.  P.  D. 

// 

// 

7  943 

7  967 

46-13 

05-55 

8  003 

8039 

00-38 

32  52 

8  074 

8  los 

57-92 

42-03 

8  159 

8  225 

45-69 

49*22 

8  248 

8  279 

09*26 

28*83 

8  307 

8350 

01  -62 

27 -73 

8372 

32 

17-15 

58  49 

116 

126 

50  90 

10*56 

153 

178 

09-04 

04*22 

214 

244 

57-93 

57-32 

264 

314 

08-37 

20  05 

334 

377 

14-60 

54-10 

416 

446 

35-78 

10*05 

465 

480 

57*51 

55-67 

501 

516 

5071 

51-44 

*558 

581 

03-16 

53-32 

*558 

593 

03-16 

34-69 

676 

697 

04-45 

40*06 

728 

744 

46  65 

24  29 

777 

794 

34-14 

55-73 

827 

861 

51-24 

09*20 

920 

948 

46*40 

59-15 

989 

995 

43-74 

27*11 

«' 


5 
6 

5 

5 

5 
6 

4 

4 
6 

5 
6 

6 

6 

5 
6 

6 

6 

6 

4 

5 

5 
6 

5 


w 

8 

9 

8 

8 
8 

9 

8 

8 

9 
8 

9 
5 

9 

8 

7 
6 

6 

9 

8 

8 
8 

7 
8 


Latitude. 


38  40 


Indiscriminate  mean  =  38®  40^  oi'''-o6. 
Weighted  mean  =  38   40  01  -05  ±  o'''-o7. 

^  =  ±</'*42. 
123  observations,  23  pairs. 

[Reduction  to  geodetic  station  -f  o'^'95.] 


00*76 
01  "03 
00-31 

00  94 
00 -88 

01-55 
01*47 

01  '22 

01  34 
00 '57 

01-57 

02  '09 

01  -06 
00 -88 
02*10 
00*60 
00*66 

00  54 
01 -68 

00 -88 

00-25 

00-85 

oiX)8 


V 

+0-29 

+0*02 

-fo-74 
-r-ori 

—0*17 

—0*50 

—0*42 

—0*17 

—0*29 

-fo-48 
—0*52 
—I  •04 

— O'OI 

+0*17 
—1-05 

+0-45 
-f-o*39 

+0*51 

—0*63 

+0-17 
-fo-80 

-f0*20 
-0-03 
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II.  WESTERN  OR  COAST  RANGE  SERIES — Continued. 

{10^)  Latitude  at  Ross  Mountain ^  California.  A.  T.  Mosman.  Zenith  telescope  No.  3.  Decem- 
ber 27, 1859,  ^'^  January  28,  i860.  One  division  of  level  =  I'^'io.  One  turn  of  micrometer  =  46''''64,  from 
circumpolar  observations  at  this  station. 


Pairs  of  stars. 

Adopted  seconds  of 
mean  N.  P.  D. 

ff 

// 

I  006 

017 

34-37 

32*78 

*i  025 

035 

43  00 

28-90 

*i  025 

059 

43  "oo 

45*50 

I  083 

097 

16-85 

15*63 

I  138 

142 

30*80 

39*87 

I  219 

268 

54  45 

37*99 

I  323 

364 

23  46 

50*94 

I  444 

*i 

477 

35  77 

21  -14 

I  462 

*i 

477 

00-57 

21  -14 

I  530 

534 

33*25 

18 -20 

I  546 

*i 

568 

43*40 

47*75 

1  547 

«j 

568 

43*37 

47*75 

I  613 

668 

57 'lo 

37*71 

I  676 

737 

21-82 

47*30 

I  767 

#j 

797 

46  32 

53*67 

*i  797 

835 

53*67 

01  -66 

I  851 

874 

32*54 

24-08 

I  888 

925 

18-85 

24*39 

I  932 

942 

30  32 

33*74 

I  953 

992 

41*32 

44*14 

*2  024 

2 

028 

23*08 

45*00 

*2  024 

2 

063 

23-08 

06-53 

*2  024 

2 

064 

23-08 

56-67 

2  084 

*2 

114 

23*95 

33*34 

2  090 

*2 

114 

"•54 

33*34 

2  173 

2 

192 

01-50 

28-23 

2  209 

2 

216 

22*22 

52  98 

2  239 

»2 

270 

29*75 

35*40 

2  241 

*2 

270 

40-96 

35*40 

2  280 

*2 

312 

14*36 

35*59 

2  285 

*2 

312 

50-91 

35*59 

2  341 

2 

364 

38-64 

32*38 

2  397 

2 

398 

40-20 

38-20 

2  459 

2 

493 

35*40 

48-00 

*2  540 

2 

606 

52*43 

22-50 

*2  540 

2 

609 

52*43 

36*32 

577 

658 

40-62 

03*87 

676 

698 

38*71 

08  20 

766 

806 

14*57 

08-76 

«' 


7 

7 
6 

7 

7 
8 

6 

8 
8 
8 

7 

7 
8 

6 

7 

7 

7 
8 

7 
9 
7 
8 

7 
9 

9 

8 

9 

9 

9 
8 

9 
8 

8 

8 

9 
9 
9 
9 
9 


w             Latitude.  v 

9         38  30  10*06  — o*o6 

6  09  -18  -ho  -82 

6  09  -75  +0  -25 

9  10  -03  — o  -03 

9  10  -70  — o  -70 

9  10-89  "~o  -89 

8  09*11  4-0-89 
6  09-83  -fo*i7 
6  09  -45  -ho  -55 

9  09  59  -f  o  -41 
6  09  -92  +0  -08 
6  09  -66  -f  o  34 
9  10-14  —0*14 

8  09-51  -ho*49 
6  09  -64  -fo  -36 
6  09  42  -ho  -58 

9  10  -04  — o  -04 
9  09  -97  i-o  -03 
9  10*14  —0-14 

10  09  -48  -fo  -52 

5  09*85  -ho -15 

5  0994  -ho -06 

5  II  -14  —I  14 

6  10  *27  — o  *27 
6  10  *66  — o  *66 
9  10  *44  — o  '44 

10  09  -41  -ho  59 

6  10  '59  — o  -59 

6  10-13  —0*13 

6  09  *46  -ho  -54 

6  10  -lo  — o  -lo 

9  10  -51  — o  -51 

9  09  -61  -ho  -39 

9  09  -81  -ho  -19 

6  09  -87  -ho  *i3 

6  09  -61  -ho  -39 

10  10-51  —0-51 

10  10  -89  — o  -89 

10  10  -38  — o  -38 
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UNITED   STATES   COAST   AND   GEODETIC   SURVEY, 
II.  WESTERN  OR  COAST  RANGE  SERIES — Continued. 


(103)  Latittide  at  Ross  Mountain^  California ^  ^/r.— Completed. 
Pairs  of  stars.  ^"^fPl^^  !f *=°"^*  *'*         n'  w  Latitude. 


V 


ff 

// 

0     /       ft 

n 

♦866 

875 

54-38 

52-85 

10 

7 

38  30  09  -54 

+0-46 

*866 

885 

54-38 

49-40 

10 

7 

10-43 

-0-43 

921 

948 

19-17 

51-44 

10 

10 

09-98 

-fo-02 

989 

995 

25-21 

07  06 

10 

10 

09-47 

+0-53 

1  025 

024 

43-00 

08  50 

10 

10 

09-29 

+0-71 

I  058 

096 

06 -oo 

45  00 

10 

10 

10-78 

—0-78 

I  119 

204 

19*45 

21  -12 

10 

10 

10-40 

—0-40 

I  254 

*i 

262 

59-00 

50-80 

10 

7 

09-26 

-fo74 

*i  262 

301 

50  80 

11-89 

10 

7 

09 -54 

40  ^6 

I  313 

350 

09-55 

II  -69 

8 

9 

10  -03 

— 003 

I  424 

453 

27-34 

48-66 

8 

9 

10-22 

—0*22 

I  460 

474 

05-00 

04-82 

9 

10 

10 -16 

— o-i6 

*i  501 

551 

21-08 

49*17 

8 

6 

10 -16 

—0-16 

*i  501 

571 

21  08 

03*43 

8 

6 

10*09 

—0*09 

Indiscriminate  mean  =  38®  30^  09^*98. 
Weighted  mean  =  38   30  10  -oo  ±  ©'''•04. 

€=■  ±z  &''^2, 

437  observations,  53  pairs. 

[Reduction  to  geodetic  station  o^'-oo.] 

(104)  Latitude  at  Sulphur,  California.  G.  Davidson.  Zenith  telescope  No.  3.  September  8-28, 
1859.  One  division  of  level  =  i'^- 10.  One  turn  of  micrometer  =  46^^-540,  from  circumpolar  observations 
at  this  station. 


Pairs  of  stars. 


Adopted  seconds  of 
mean  N.  P.  D. 


«' 


w 


Latitude. 


V 


6  073 

*6  091 

6  185 

6  268 

6387 
6  601 

6  640 

♦6  690 

♦6  690 

6  740 

6  861 

6  918 

6963 
7084 

7  112 

7  164 


*6  091 
6  151 
6  241 

6365 

6  477 
6  678 

6  652 

6  730 

6  734 

6  799 
6  868 

6  944 

6  998 

7  lOI 

7  T31 
7  233 


// 

// 

Of            ff 

tf 

29-38 

34*99 

5 

8 

38  45  45-11 

-0-54 

34  99 

14-29 

2 

4 

43*55 

4-1  -02 

15-27 

01  -II 

8 

15 

44-25 

+0-32 

02-70 

42-25 

II 

17 

44-77 

— 0-20 

08  •;,9 

29  87 

7 

14 

44-57 

O'OO 

13-71 

30  00 

7 

14 

44-41 

-fo-i6 

13-85 

13  04 

6 

13 

43*67 

+0-90 

01-99 

33  80 

3 

6 

44  48 

+009 

01-99 

14  20 

4 

7 

44-03 

4-0  54 

09 '66 

21-94 

12 

18 

44-21 

4-0-36 

58-05 

59*72 

7 

14 

44-15 

4-0-42 

49-56 

23  *20 

7 

14 

45-07 

—0-50 

49-07 

21-77 

7 

14 

44-08 

4-0-49 

14-20 

24-24 

II 

17 

45 -16 

~o-59 

19-10 

04  '62 

7 

14 

44-72 

— 015 

32-16 

26-48 

7 

14 

44-62 

—0-05 
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II.    WESTERN   OR    COAST   RANGE   SERIES — continued. 
(104)  Latitude  at  Sulphur y  California^  etc. — Completed. 

Pairs  of  stars.  ^ 


7  256 

7  278 

7  297 

7  336 

7  361 

7  401 

7  465 

7  480 

7  494 

7  520 

7  528 

7  582 

7  621 

7  641 

7  654 

7689 

7  707 

7  742 

7  796 

7  810 

7  833 

7  876 

7  901 

7  915 

7  953 

7  997 

8  003 

8039 

8  125 

8  133 

8  156 

8  261 

8  159 

8  224 

6456 

6  493 

6  520 

6  571 

♦6  623 

6  674 

*6  623 

6  676 

6  698 

6  728 

6863 

6  901 

6  943 

6  959 

7  GDI 

7  008 

7  144 

7  222 

7  363 

7  405 

7  444 

7  489 

7  519 

7  597 

7  627 

7  676 

*7  712 

7  778 

*7  712 

7  782 

mean  N. 

P.D. 

n' 

w 

Latitude. 

V 

// 

// 

0     /       // 

// 

35  90 

41-79 

12 

18 

38  45  44  -45 

-i-0-I2 

5273 

30-17 

12 

18 

44*57 

0-00 

37-56 

35-01 

7 

14 

44*94 

-0-37 

2375 

47-62 

6 

13 

44*90 

0-33 

13-89 

51*35 

6 

13 

44*50 

+0-07 

07  85 

55*95 

6 

13 

44*97 

—0-40 

44*53 

29  50 

5 

12 

45  29 

—0-72 

52  63 

43*77 

5 

12 

44*37 

-f0'20 

05-62 

09*22 

5 

12 

44*26 

+0-31 

13*45 

1873 

9 

16 

44*27 

+0-30 

22  70 

56-85 

9 

i6- 

44*38 

+0-19 

57*44 

35  92 

8 

15 

44*72 

—0-15 

35 -18 

10  59 

9 

16 

45 'oi 

-044 

24-90 

01  -27 

9 

16 

44*81 

—0-24 

51*50 

14 -lo 

8 

15 

44*10 

-fo-47 

36-53 

44*47 

8 

15 

44*03 

+0-54 

2072 

19-78 

8 

15 

44-90 

-0-33 

07*36 

45-16 

7 

14 

44-49 

-fo-08 

47-32 

58-24 

10 

17 

44*53 

4004 

25*49 

04-41 

8 

10 

44-44 

+0-13 

25-49 

09-87 

3 

6 

45*51 

-094 

41  -JO 

28-50 

7 

14 

44*21 

+036 

15*92 

37-88 

7 

14 

45*02 

-0-45 

32 -27 

33-50 

6 

13 

44*90 

-033 

08  50 

22-78 

6 

13 

44*84 

—0*27 

07*25 

23-81 

7 

14 

44-50 

+007 

58 -66 

27-34 

7 

14 

44*86 

—0*29 

49*07 

04-36 

6 

13 

44*53 

-f-0-04 

46-56 

33*30 

6 

13 

44*62 

— 005 

12-34 

47  -55 

6 

13 

44*59 

— 0-02 

56-14 

30-50 

6 

9 

44*08 

4-0 -49 

56-14 

56-02 

6 

9 

44*24 

+0-33 

Indiscriminate  mean =38°  45^  44'''*56. 
Weighted  mean  =38    45    44    57^0^-^ 

e=±:&''$o. 
341  observations,  48  pairs. 
[Reduction  to  geodetic  station  o'-'-oo.] 
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UNITED  STATES  COAST  AND  GEODETIC  SURVEY. 


II.  WESTERN  OR  COAST  RANGE  SERIES — Continued. 

(105)  Latitude  at  Ukiah^  California,  C.  H.  Sinclair.  Meridian  telescope  No.  i.  November  10- 
14,  1897.  One  division  of  level  =  i'''*90i,  determined  at  office  April,  1893.  One  turn  of  micrometer 
=  66''' '073,  determined  from  the  latitude  observations  at  this  station. 


Pairs  of  stars. 

mean 

N.  P.  D. 

n' 

w 

Latitude. 

V 

// 

ft 

0    /       // 

// 

♦7  746 

7  757 

08-17 

07-17 

4 

12 

39  08  54  -85 

-0-45 

*7  746 

7  798 

08-17 

18-46 

4 

12 

54-42 

— 0-02 

7  807P 

7848 

20-50 

43-66 

4 

19 

54-27 

-fo-i3 

7858 

7  880 

00-56 

56-19 

5 

19 

53-87 

+0-53 

7  901 

7  915 

09-30 

45-36 

5 

21 

54-83 

043 

7  945 

7  961 

35-19 

36-93 

5 

21 

54-29 

+0-11 

7  972 

(3843) 

06  95 

53-12 

5 

20 

54 -62 

— 0-22 

8  031 

8  074 

04-97 

09-95 

5 

21 

54-55 

—0-15 

8  104 

8  127 

49*53 

50-90 

5 

21 

54*50 

— o-io 

8  195 

8  212 

46-88 

53-66 

c 

21 

53*83 

+0-57 

(3  970) 

8  224 

57-53 

00-02 

5 

19 

54-10 

+0-30 

8  231 

8  284 

55-51 

51-90 

5 

21 

54-54 

—0-14 

8  344 

8 

02-96 

38-32 

5 

21 

54*35 

-fo-05 

j6 

(25) 

04*12 

58-97 

5 

19 

54*73 

033 

51 

(43) 

30-23 

17-54 

3 

13 

54*28 

+0-I2 

102 

126 

28-25 

12-31 

5 

21 

54-91 

—0-51 

(88) 

*20I 

06-62 

32-55 

5 

II 

53  90 

+0-50 

*20I 

215 

32 -55 

35*53 

5 

14 

54*25 

■+-0*15 

Indiscriminate  mean  =  39°  08^  54"' '39. 
Weighted  mean  =39    08   54  •40^0'' -05. 

^=±o'^-34. 
85  observations,  18  pairs. 

[Reduction  to  court-house  -f  3'' '42.] 
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II.    WESTERN   OR   COAST   RANGE   SERIES — continued. 

(106)  Latitude  at  Point  Reyes ^  California.    G.  Davidson.     Zenith  telescope  No.  3. 
8,  1853.     One  division  of  level  =  2^''* 60.     One  turn  of  micrometer  =  46'" '63. 


February  6- 


Pairs  of  stars. 

2  084 

2  107 

♦2  163 

2  175 

*2    163 

2  187 

*2   163 

2  220 

2  294 

*2   330 

♦2  330 

2  349 

*2  407 

2  423 

♦2  407 

2  457 

2  486 

2  495 

2  555 

2  606 

2683 

2  732 

2  776 

2  810 

2  842 

*2  867 

♦2  867 

2   876 

3  026 

3  075 

*3  129 

3  135 

*3  129 

3  172 

Adopted 
mean 

seconds  of 
N.  P.  D. 

nf 

w 

Latitude. 

V 

ff 

// 

0    /        // 

// 

15*10 

46*42 

I 

0-7 

37  59  33  "52 

-fo-io 

47  73 

52-28 

I 

o*3 

33*14 

+0-48 

47  73 

00*60 

I 

o*3 

33*04 

+0-58 

47  73 

03*55 

I 

0*3 

34*27 

—0-65 

16 -80 

20 -81 

I 

0-4 

34  63 

—I  -01 

20 -81 

27*90 

I 

0-4 

33  96 

-0-34 

5177 

59*09 

3 

1*3 

33*18 

-fo-44 

5177 

10-59 

3 

1*3 

32*55 

+1*07 

41  -11 

42  -22 

I 

07 

34*14 

—0-52 

23-20 

20-40 

I 

0-7 

34*22 

— o-6o 

44*49 

45*40 

2 

1*3 

34*02 

—0*40 

14-80 

32-00 

I 

0-7 

32-81 

4-0-81 

34*47 

21-68 

2 

0-9 

35*88 

—2  -26 

21-68 

37*36 

2 

0-9 

32*69 

4-0-93 

54*00 

57 -16 

I 

07 

32 -66 

4-0-96 

22*89 

II  -46 

I 

0-4 

34*24 

—0-62 

22-89 

54*14 

I 

0-4 

33-78 

— o-i6 

Indiscriminate  mean  =  37®  59^  33'''*69. 
Weighted  mean  =37    59    33  -62  ±0^-13. 

^  =  ±  i''''-24. 
24  observations,  17  pairs. 

[Reduction  to  geodetic  station  o^'-oo.] 

(107)  Latitude  at  Bodega^  California.     G.  Davidson.     Zenith  telescope  No.  3. 
One  division  of  level  =^  2^^-60.     One  turn  of  micrometer  =  46^^-63. 


July  9,  1853. 


Pairs  of  stars. 

Adopted 
mean 

seconds  of 
N,  P,  D. 

// 

// 

6475 

6  480 

43 'oo 

03-90 

6  581 

6  599 

15*80 

32  10 

6657 

6687 

56-06 

38*50 

6  730 

*6  762 

2095 

46*20 

6  734 

*6  762 

02-50 

46-20 

6  806 

6  849 

27-25 

04*90 

6  813 

6  860 

10*95 

05*03 

6  937 

♦6  996 

26-30 

26-60 

6967 

*6  996 

29-00 

26-60 

7  027 

7  073 

31*00 

59-22 

7  149 

7  220 

13-27 

52*25 

7  246 

7  294 

02-30 

26  77 

«' 


I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


w 


2 
2 
2 
I 
I 
2 
2 
I 
I 
2 
2 
2 


Latitude. 


o       / 

38 18 


18-31 

20-64 
20-72 

19*95 
19-24 
19-76 

22  -23 
19-78 
20-72 

19*48 
21  -24 

19*88 


V 

ff 

4-1-90 
-0-43 
—0-51 
4-0*26 

+0-97 

-fo-45 
—2-02 

-fo-43 
—0-51 

-fo-73 

—I  03 

+o*33 


Indiscriminate  mean 
Weighted  mean 


=  38<»  18^  20^^*16. 

=  38      18     20     '21 


0^^-2I. 


Probable  error  of  result  from  a  single  pair  =  d=  0^^-69. 
12  observations,  12  pairs. 

[Reduction  to  geodetic  station  o^'-oo.] 
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II.    WESTERN  OR   COAST   RANGE  SERIES — Completed. 

(io8)  Latitude  at  Mendocino  City,  California.    G.  Davidson.     Zenith  telescope  No.  3.    July  11, 
1853.     One  division  of  level  =  1^^*04.     One  turn  of  micrometer  =  46'' "63. 


Pairs  of  stars. 


Adopted  seconds  of 
mean  N.  P.  D. 


«' 


w 


Latitude. 


V 


6  087  6  129 

6  185  6  223 

6  322  *6  368 

6  341  *6  368 

6  392  6  404 

6  438  6  477 

6  497  6  520 

6  547  6  566 

6  589  6  601 

6  690  ♦B  723 

6  691  *6  723 

6  765  6  817 

6  866  6  924 

6  959  6  973 

6  997  *7  041 

7  006  *7  041 
7  126  7  153 

Indiscriminate  mean 
Weighted  mean 


// 

// 

0     /       // 

» 

44-20 

26  00 

^             4 

39  18  06  -32 

—076 

23  55 

42  *OI                ] 

t             4 

04-77 

-fo-79 

22  "20 

18-50            ] 

f             3 

06-89 

1*33 

3680 

18  -50            1 

^             3 

06*07 

—0*51 

45*34 

49  39             J 

^             4 

04-04 

4-1-52 

48-32 

56  -71             1 

^             4 

05*03 

+0-53 

24-64 

16  -76             1 

^             4 

05  57 

— o-oi 

57-58 

15*80             1 

t             4 

04*78 

+0-78 

57*30 

50  -59             J 

f              4 

06*09 

0-53 

45*80 

35  53             1 

^              3 

05-80 

—0*24 

27-06 

35  '53             J 

^              3 

05*33 

+0-23 

33 'lo 

19-00             1 

t              4 

05-25 

-fo-31 

45*82 

57  97             ^ 

t              4 

06  60 

—  I  -04 

37*30 

02  -41             ] 

^              4 

05*83 

—0*27 

27*90 

26  -34             1 

c             3 

06  03 

-0-47 

40-27 

26-34             1 

f             3 

05-22 

+0-34 

48-88 

20-54            : 

t              4 

05-33 

-fo-23 

=  39*»  18'  05'' -58. 

=  39     18    05    •56dbo'^-i2. 


Probable  error  of  result  from  a  single  pair  =  ±0^^*49. 
17  observations,  17  pairs. 

[Reduction  to  geodetic  station  o^^'oo.] 

(109)  Latitude  at  Point  Arena,  California,    G.  Davidson.     Meridian  telescope  No.  i.     May  26, 
1870.     One  division  of  level  =  i''*oo.     One  turn  of  micrometer  =  65^-38. 


Pairs  of  stars. 


Adopted  seconds  of 
mean  N.  P.  D. 


n* 


w 


Latitude. 


// 


n 


n 


V 


n 


5  847         5  874 

5  940  5  972 

6  084  6  129 
6  185  6  241 
6  357  6  365 
6  395  6  453 
6  520  6  571 
6  586  6  615 
6  637  6  687 
6  714  6  741 

Indiscriminate  mean 
Weighted  mean 


15-21 

45-76             ] 

^              3 

38  55  09  -53 

-fo*8i 

24*47 

57-44             3 

t              3 

09*67 

+067 

II  -50 

26-66             ] 

I              3 

10*91 

-057 

05*75 

4441              J 

t              3 

09  24 

4-1  -10 

43*49 

0875             ^ 

I              3 

09-64 

4-0-70 

30  00 

04-47             ^ 

I              3 

11-78 

-1*44 

54-12 

55  -07             J 

t              3 

II  -02 

-0-62 

20  78 

47*44             1 

I              3 

10-72 

--0-38 

06-71 

36-80             ] 

t              3 

11*34 

—  I  -oo 

17*55 

56  -85             ] 

t              3 

09*54 

-ho  80 

=  38**  55'  10^*34. 

=  38    55    10  •34±o"''i9. 


Probable  error  of  result  from  a  single  pair  =  dr  0^^-61. 
10  observations,  10  pairs. 

[Reduction  to  geodetic  station  o^'-oo.] 
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F.  REDUCTION  OF  THE  OBSERVED   LATITUDES  TO  THE  SEA  LEVEL. 

In  consequence  of  the  earth's  rotation,  the  vertical  line  at  a  place  is  slightly  curved 
and  is  concave  to  the  pole.  The  observed  latitude  being  the  angle  which  the  tangent 
to  this  curve  makes  with  the  plane  of  the  equator,  needs,  therefore,  to  be  referred  to  the 
foot  point  at  the  sea  level.     This  correction  is  always  negative,  and  is  given  by  * — 

/=  o'oGO  171A  sin  2<p 

where  h  =  elevation  of  station  in  metres,  <p  =  the  latitude,  and  i  =  the  curvature  correc- 
tion in  seconds.  For  latitude  39°  we  have  /  =  o'ooo  167^  very  nearly.  This  correction 
reaches  up  to  o"7  for  our  highest  stations,  and 'is  therefore  many  times  greater  than 
the  probable  error  assigned  to  the  resulting  latitude  and  can  not  be  neglected. 

G.  CORRECTIONS  TO  OBSERVED  LATITUDES,  AZIMUTHS,  AND  LONGI- 

TUDES FOR  VARIATION  OF  POLE  OF  ROTATION. 

When  the  change  of  latitude  is  compared  with  the  probable  error  of  observation 
resulting  from  accurate  measures,  it  is  seen  that  the  effect  of  the  systematic  variation  in 
the  position  of  the  pole  of  rotation  as  determined  by  Dr.  Seth  C.  Chandler  may  be 
several  times  larger  than  the  mere  observing  error.  Hence  the  correction  for  variation 
of  pole  can  not  be  ignored  in  any  refined  deductions  from  latitude  observations.  A 
similar  remark  applies  also  to  the  corrections  to  azimuths,  with  this  difference,  however, 
that  here  the  probable  observing  error  generally  exceeds  the  effect  due  to  change  of 
pole,  thus  rendering  the  correction  for  shift  of  pole  of  less  consequence.  The  correction 
to  differences  of  longitude  due  to  the  same  cause  is  quite  small,  and  may  generally  be 
neglected  as  covered  by  the  error  of  observation. 

Dr.  Chandler's  latest  expressions  are  contained  in  No.  446  of  Gould's  Astronomical 
Journal,  October,  1898.  f  His  coordinates  x  and  y  of  the  average  or  normal  position 
of  the  pole  with  reference  to  the  position  of  the  instantaneous  pole  of  rotation  are 
given  by — 

x  =  r^  sin  (/  -  T^)  0  +  o"-095  sin  (O  —  308^) 
y  —  r^  cos  (/  —  T^  ^  +  0  'no  cos  (©  —  3^) 
where  T^  —  2  \\7.  646  +  427*0  E  —  0*08  ^' 
B  —  0^*843  +  o'ooo  316  E 
and  r^  —  o"'i25  +  o"*05  sin  (2  414  363  —  /)  X  0^*015 

Here  i  and  T^  are  expressed  in  Julian  dates;  /  is  the  epoch  of  observation,  E  is  the 
period,  and  ©  the  sun's  longitude. 

The  corrections  for  latitude,  azimuth,  and  longitude  are  given  by  the  expressions — 

A9>  =  9?  —  ^o  =  ;c  sin  A.  —  y  cos  A. 

A«  —  a  —  a^  —  {^x  cos  A.  +  j  sin  A.)  sec  q) 
AA.  =  a.  —\  =  —  (x  cos  A.  -\-y  sin  A)  tan  (p 


« Clarke's  Geodesy  (Oxford,  1R80),  p.  toa;  also  Helmert's  Hohcrc  Geodasie  (Leipzig,  18S4),  Vol.  II,  p.  99. 
fSee  also  ibid.  Nos.  339.  November,  1894;  360,  December,  1895;  392,  January,  1S97,  and  406.  June.  1897. 
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where  (p  —  observed  latitude,  a  =  observed  azimuth,  A.  =  observed  longitude  of  place 
counted  westward  from  Greenwich,  and  9?^,  a^,  A.^  the  correspoading  corrected  values. 
For  stations  occupied  between  the  years  1890*0  and  1897*5  the  coordinates  x  andy 
were  taken  from  Dr.  Albrecht's  report  of  1898.*  For  this  interval  a  convenient  table 
is  given  by  him  of  the  quantity  (p  —  q>^  for  various  longitudes,  which  can  also  be 
employed  for  the  azimuthal  correction.  In  this  system  the  coordinates  are  those  of  the 
instantaneous  pole  of  rotation  with  reference  to  the  average  position  of  the  pole  (of 
figure),  and  the  corrections  to  latitude,  azimuth,  and  longitude  are  found  by- 

:  X  cos  A.  -\-y  sin  A. 

-  {—  X  sin  A.  -\-y  cos  A)  sec  (p 

-  (x  sin  X  —y  cos  A.)  tan  ^ 

For  the  interval  1890- 1897)^  ^^^  resulting  corrections  are  quite  reliable,  as  they 
depend  directly  upon  observed  variations,  but  for  other  years  the  general  formulae  as 
given  above  must  be  made  use  of. 

For  the  greater  part  of  the  stations  these  corrections  were  computed  by  Mr.  D.  L. 
Hazard. 


9- 

<Po 

a  — 

■  a 

0 

X- 

X 

0 

H.  SYNOPSIS  OF  RESULTS  FOR  LATITUDE  OF  STATIONS  DETERMINED 

ASTRONOMICALLY. 


No. 


2 

3 
4 
5 
6 

7 
8 


9 
10 

II 

13 
13 


14 


Name  of  station. 


Cape  May 

Cape  May 

Adopted  value  of  astronomic  .station 

Cape  Henlopen 

Dover 

Prindpio 
Poole  Island 
Calvert 
Taylor 

Marriott 

Marriott 
Adopted  value 
Webb 
Hill 

Soper 

Seaton,  Washington 

Coast   and    Geodetic   Survey   Office, 

Washington,  station  in  yard 
Coast   and    Geodetic    Survey    Office, 

Washington,  station  in  yard 
Coast   and    Geodetic    Survey   Office, 

Washington,  station  in  yard 
Adopted  value 

United  states  Naval  Observatory,  old 
site,  dome,  Washington 

United  Stattj  .^aval  Observatory,  old 
site,  dome,  Washington 


SUte.    Year. 


N.  J. 
N.  J. 

■  ■  •  • 

Del. 
Del. 
Md. 
Md. 
Md. 
Md. 
Md. 
Md. 

■  «  •  • 

Md. 

Md. 

Md. 
D.  C. 
D.  C. 


1S81 
1891 

•    •    a    • 

1897 

1897 
1866 

1847 
I87I 

1847 
1846 
IS49 

1850 
1850 
1850 
1850 
IS9I 


D.  C.         1S92 


D.  C.         1S94 


fi86il 

D.  C.       -^  to  1^ 

I1864J 


Approxi-  Reduc-     Correc-      Final 
Observed    Probable  mate  alti-    tiou       lion  for    seconds 
latitude.        error.       tudeof     to  sea     variation       of 

station,     level,      of  pole,  latitude. 


o  '   // 
38  55  44  66 
44  77 

•  •  •  • 

38  46  40*00 

39  09  13  -62 
39  35  32-81 
39  17  17  52 
38  21  31  88 
38  59  46  -08 

38  52  24  '73 

25-12 

•  •  «  • 

39  05  25 -21 

38  53  52  -31 

39  05  10-69 
38  53  25-20 
38  53  07 '51 


ft 

±0*12 

±o'07 
±o"o6 

±0-05 
±o"o6 
dbo-04 

dbO"l5 

±o-ii 

±0'I2 

±0'i9 
±006 
±o'o6 
±0-04 
±005 
±009 
±0-15 
±o*o6 


07*46  dbo"o6 

07  "31  ±0  -04 

....  ±0*02 

38  53  38*78  dboio 


m. 
10 

10 


20 
12 

30(?) 
5 
30 
30 

77 
77 

•  •  ■ 

73 

85 

144 

28 
16 


16 


16 


ff 
o 
o 

■  •  • 

0 
o 

•01 

o 

•01 
■01 

•01 
•01 

•  •   • 

•01 
•01 

•02 
o 
o 


30         — 'oi 


+0-05 
— o'i7 

+0^07 
-©•i5 
— o*Q5 
o^oo 
-©•i6 

©•00 

— 0^07 
— o*o6 

•  •  •  • 

+0-15 
+006 
-o'o6 
-o'oS 
-0*13 


4471 
44-60 
44  63 
40  07 

13*47 
32  75 
17*52 

31  7J 
46-07 

24*^ 
25*05 
25*05 
25*35 
52*3^ 

10  "ei 

25  •la 
07*38 


-o'i6         07^30 


+©•05         0736 


07*35 


D.  C. 


1883 


38*94 


±o"o6 


30 


•01 


♦  Bericht  iibcr  den  Stand  der  Erforschung  der  Breiten-Variation. 
messung.    Berlin,  189S. 


Central-Bureau  der   Intemationalen  Hrd- 
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H.  SYNOPSIS  OF  RESULTS  FOR  LATITUDE  OF  STATIONS,  ETC.— Cont'd. 


No. 


15 


16 
17 

18 

19 

ao 

31 
22 

23 
24 

25 

26 

28 

29 

30 

31 
32 

33 
34 
35 
36 
37 
38 
39 

40 


41 
42 
43 
44 
45 
46 
47 
48 
49 
50 


Name  of  station. 


State.    Year. 


United  States  Naval  Observatory,  old      D.  C. 
site,  dome,  Washington 

United  States  Naval  Observatory,  old      D.  C. 

site,  dome,  Washington 
Adopted  value  .... 

United  States  Naval  Observatory,  new      D.  C. 
site,    Georgetown    Heights,   clock 
room 


United  States  Nav^l  Observatory,  new 
site,  Georgetown  Heights,  clock 
room 

Adopted  value 

Causten 

Georgetown  College,  observatory 
dome 

Rockville 

Sugar  I^oaf 
Maryland  Heights 
Bull  Run 

StrasbuTg 

Clark  Mountain 

Charlottesville,  University,  transit 
Long  Mount 
Elliott  Knob 

Keeney  

Charleston 
Piney 
Gould 
Minerva 

Cincinnati,  Mount  Lookout  Observa- 
tory, dome 
Reizin 
Weed  Patch 
Vincennes 
Parkersburg.  A  station 

Olney  West  Base  A  station 

Newton 
Bording 

St.  Louis,  Washington  University 

St.  Louis.  Washington  University 
Adopted   value   referred    to   Second 

Presbyterian  Church 
Jefferson 
Hunter 
Kansas  City 
Adams 

Salina  West  Base 

Ellsworth 

Russell  Southeast 

WalUce 

Adobe 

El  (aso  East  Base 


D.  C. 


Approxi-  Reduc-     Correc-      Final 
Observed    Probable  mate  alti-    tion       tion  for    seconds 

latitude.        error.       tude  of     to  sea  variation       of 

station,     level,      of  pole,  latitude. 


O       ' 


// 


// 


1866I 
to 

1888 


1893 


38-70         ±0'Q5 


38-80       ±0-05 


M. 

30 

30 


// 


—  •01 


— -01 


// 


38-79 
3855   13*70 


±003 
±0'I0 


85 


—  •01 


1897 


13*93        ±o*o6 


85         — -oi 


•16 


ft 


38-78 
13-69 


13-76 


•   ■  «    • 

•  •  •  • 

•   •  •    • 

±o'o6 

•    •   •    • 

•  ■  •  • 

•  •  ■  • 

13*74 

D.  C. 

1851 

385532*18 

±o-o6 

118 

—  •02 

—0*14 

32-02 

D.  C. 

1846 

3854  25-80 

•  •  •  ■ 

60 

—  •01 

•  •  •  • 

25-79 

Md. 

fi89il 
11892/ 

3905 10-45 

±0*05 

152 

-•03 

•  ■  •  • 

10*43 

Md. 

1879 

39  15  49*71 

±o*io 

390 

-07 

— O'lO 

49  "54 

Md. 

1870 

39  30  32-10 

±0-04 

444 

-07 

+0-16 

32-19 

Va. 

1871 

38  52  56  79 

±0-07 

420 

-•07 

0 

56  72 

Va. 

1881 

38  59  31  '49 

±0-09 

200 

-03 

+0-10 

31-56 

Va. 

187 1 

38  18  39  80 

±o-o6 

XV> 

-06 

—0-14 

39  60 

Va. 

1882 

38  02  00  95 

±0-14 

200 

-•03 

+0-17 

01*09 

Va. 

1875 

37  17  28  72 

±009 

438 

--07 

+0-19 

28-84 

Va. 

1S78 

380957*51 

±o*ii 

I  363 

-•23 

—0*20 

57 -08 

W.  Va. 

1880 

37  46  23  -26 

±o*ii 

I    300 

:-ao 

+001 

23  07 

W.  Va. 

1883 

38  21  06*87 

dtO'IO 

185 

-03 

+0-II 

0695 

W.  Va. 

1883 

382641-33 

±o-o6 

336 

-06 

+0-13 

41-40 

Ohio 

1885 

3838  29-96 

±0*23 

300  (?) 

-05 

—0-13 

29*78 

Ky. 

X8S7 

38  42  30 -88 

±0*05 

300  (?) 

-05 

-»-o-o6 

30*89 

Ohio 

1881 

39  08  19*54 

±0-08 

250 

-04 

+0*15 

19-65 

Ind. 

18S9 

39  02  53  58 

±o-io 

306 

-05 

+023 

53*76 

Ind. 

1889 

39  10  00  55 

±006 

351 

-06 

+0-19 

00-68 

Ind. 

1881 

38403677 

±006 

132 

—  -02 

+0-05 

36  80 

ni. 

1S79 

3834  53 'ao 

±0-09 

173 

-03 

—0-12 

53-05 

111. 

iSSo 

38  51  41  -23 

±006 

151 

-03 

+008 

41-28 

111. 

1883 

38  55  30-87 

±0-07 

167 

-03 

+0-36 

31*10 

111. 

18S2 

38  36  5073 

±006 

165 

-03 

+023 

5093 

Mo. 

fi869l 
1ib7o/ 

38  3802-77 

±0-13 

155 

-•03 

+003 

02*77 

Mo. 

1881 

02-81 

±0-09 

155 

-■03 

+0-II 

02-89 

•  •  •  ■ 

•  •  ■  • 

00  54 

±0-07 

•   •   «    • 

•  ■  »  • 

•  •  •  • 

0059 

Mo. 

1879 

5*^  33  43  99 

drO-07 

169 

-03 

— o-oi 

43*95 

Mo. 

1880 

38  25  48  -ox 

±0*10 

200  (?) 

-03 

4-0-02 

48  00 

Mo. 

1882 

39  05  50  92 

±o'09 

232 

-•04 

4-0-24 

51-12 

Kans. 

i«vS8 

39  02  41  72 

±0-10 

320  (?) 

-06 

+0-14 

41*80 

Kans. 

1S96 

38  51  03  57 

±0-18 

372 

-06 

+001 

03*52 

Kans. 

I'vSs 

38  43  47  60 

-:0-I3 

470 

-•08 

— 003 

47*49 

Kans. 

1S93 

38  51  22  90 

±006 

559 

-09 

— 008 

22*73 

Kans. 

1885 

385444-38 

=tO-X2 

I  007 

-17 

+004 

44*25 

Colo. 

iSSi 

38  40  37  '53 

±0*07 

1576 

-•26 

+0-I5 

37*42 

Colo. 

IS79 

38  57  16  90 

±0*10 

1  994 

-•34 

— o-o6 

16-50 
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H.  SYNOPSIS  OF  RESULTS  FOR  LATITUDE  OF  STATIONS,  ETC.— Cont'd. 


No. 


51 
5a 
53 
54 
55 
56 
57 
58 

59 
60 

61 

6a 

63 

64 

65 
66 

67 
68 

69 

70 

71 
72 

73 
74 
75 
76 
77 
78 

79 
80 
81 
82 

83 


84 

85 
86 

87 
88 

89 
90 
91 

92 

93 
94 
95 
96 
97 
98 


99 


Name  of  station. 


Colorado  Springs 
Pikes  Peak 
Mount  Ouray 

Treasury  Mountain 

Gunnison 
Uncompahgre 
Grand  Junction 
Tavaputs 

Mount  Waas 

Green  River 
Patmoa  Head 
Mount  EUeu 
Wasatch 

Mount  Nebo 

Gunnison 
Ogden  Peak 
Salt  I^ake  City 

Ogden  Observatory,  United  States  En- 
gineers 

Waddoup 

Antelope 

Promontory 

Deaeret 

Beaver 

Oasis 

Ibepah 

Pilot  Peak 

Pioche 

Pioche,  United  States  Engineer  Station 

Diamond  Peak 

Mount  Callahan 

Toiyabe  Dome 

Carson  Sink 

Observatory,  Carson  City 

Observatory,  Carson  City 

Adopted  value 

Verdi 

I«ake  Tahoe  Southeast 

Mount  Conness 

Round  Top 

Mount  I«ola 

Mocho 

Marysville 

Mount  Hamilton,  Lick  Observatory, 
Coast  and  Geodetic  Survey  Station 

Yolo  Southeast  Base 

Yolo  Northwest  Base 

Mount  Diablo 

Vaca 

Monticello 

San  Francisco,  Washington  square.. . 

San  Francisco,  I<afayette  Park 

San  Francisco,  Lafayette  Park 
San  Praudsoo,  Presidio,  old  station 


SUte.     Y( 

ear. 

Observed 
latitude. 

Approzi- 
Probable  matealti- 
error.       tude  of 
station. 

Reduc- 
tion 
to  sea 
level. 

COITCC* 

tion  for 

variation 

of  pole. 

Final 
seconds 

of 
latitude. 

Colo. 

1873 

0    /       // 
38  49  60 '34 

// 

±0*12 

m. 

I  822 

-•31 

ft 
— 0-Q5 

*f 

59*98 

Colo. 

1895 

38  50  2789 

±009 

4  301 

-•7a 

+0-11 

27*28 

Colo. 

1894 

38  25  18  65 

±0-08 

4  254 

-•71 

+006 

18*00 

Colo.        ] 

t893 

39  00  48-01 

±o*o8 

4098 

-•69 

-0-07 

47*25 

Colo. 

1893 

383244-86 

±0-10 

2  343 

-•39 

— o'o8 

44  39 

Colo. 

1895 

38  04  16-39 

±0-08 

4  356 

-73 

+o-o8 

15*74 

Colo. 

1886 

39  03  59 '39 

±0*07 

I  406 

-•24 

— 0*11 

59 'Q* 

Colo. 

1891 

39  32  »7*35 

±0-03 

2  680 

-•45 

+0-22 

17*12 

Utah 

i893 

38  32  29  -70 

±0-I2 

3  755 

-•63 

— 0^07 

29*00 

Utah 

1898 

3859  23  89 

±0-06 

X  250 

—  •21 
1 

--0-05 

23-63 

Utah 

1890 

39  39  57  15 

±0-06 

3  003 

-•51 

+0*22 

5686 

Utah 

189X 

38  07  24  '66 

±0-06 

3501 

-•58 

+0-09 

24-17 

Utah 

1890 

39  06  54  32 

±o*o6 

3398 

-•57 

+0-08 

53  83 

Utah 

1887 

30  48  32  90 

±0-12 

3  624 

-•61 

+0-02 

32  31 

Utah 

1872 

39  09  25  -62 

±0-05 

I  568 

-•26 

+0-10 

25*46 

Utah 

1888 

41  11  59  60 

±0-07 

2924 

-•50 

+0-I2 

59*22 

Utah 

1869 

40  46  03  78 

dbo-Q5 

1  328 

-  "22 

— o'ao 

03*36 

Utah      1 

1874/ 

41  13  08-56 

±0-03 

I  338 

-•23 

0*00 

0833 

Utah 

1892 

40  54   22-11 

±0-13 

1  308 

-•22 

-o*i6 

2173 

Utah 

1S92 

40  57  40  "49 

±0-07 

2  016 

-•34 

+0-0I 

40  16 

Utah 

1892 

41  17  48  28 

io'oB 

2  014 

-•34 

-0-17 

47  77 

Utah 

1892 

40  27  31  -93 

±o-o8 

3  367 

-•57 

— o-ii 

31-25 

Utah 

1872 

38  16  23  28 

±o-o6 

I  803 

-•30 

-0-08 

27-90 

Utah 

189S 

39  17  35  *47 

±008 

I  435 

--24 

+O-06 

35  29 

Utah 

1889 

39  49  39  35 

±007 

3689 

-•6a 

+0-24 

3897 

Nev. 

18S9 

41  01  08-26 

±0-09 

3  268 

-•56 

+0-13 

0783 

Nev. 

1883 

37  59  06-98 

±0-09 

2679 

-•45 

+0-27 

06 -80 

Nev. 

1872 

37  55  26-07 

±0-07 

I  811 

-•30 

+003 

25 '80 

Nev. 

1S81 

39  35  04  13 

±0-07 

3  242 

-•55 

+0-07 

<Q*65 

Nev. 

1881 

394a  32  32 

±0-08 

3  I" 

-•53 

+0-13 

31-92 

Nev. 

1880 

384954-55 

±o-ii 

3  591 

-•60 

—0-04 

53  ^J 

Nev. 

1880 

39  34  58-15 

±o-o8 

2  681 

-,•45 

—0-03 

57-67 

Nev. 

[S89 

39  09  47  19 

:»:OI3 

1  421 

-■24 

-f-o-i6 

47-11 

Nev. 

»893 

47  60 

±0-07 

I  421 

-•24 

—0-07 

47-29 

•  ■  «  • 

•  •  ■  ■ 

•  *••         •••• 

±o-o6 

•  •  •  • 

•  •  •  • 

■  ■  *  ■ 

47  25 

Nev. 

1872 

39  31  04  70 

±0-07 

I  480 

-•25 

— o'i6 

04-29 

Cal. 

'893 

38  57  19-76 

io-o6 

1  895 

-•32 

—0-07 

19-37 

Cal. 

1890 

37  57  56  -44 

±0-06 

3830 

-•64 

+0-I8 

55*98 

Cal. 

1879 

38  3946-89 

±0*08 

3  166 

-•53 

— 0^09 

46-27 

Cal. 

1879 

39  25  58  00 

ioo7 

2  788 

-•47 

— o"i6 

57*37 

Cal. 

1887 

37  28  36  9i 

d:0-05 

I  248 

—  •21 

—©•oa 

36-71 

Cal. 

1898 

39  08  12-48 

±0-06 

24 

0 

— ©•ai 

12*27 

Cal. 

18S8 

37  20  29  10 

±017 

1  286 

—  •21 

—0*04 

a8*$5 

Cal. 

1880 

f 

38  31  34  -58 

±007 

22 

0 

-0-03 

34*55 

Cal. 

18S0 

38  40  37 '29 

±0-07 

47 

-■01 

—0-03 

37*25 

Cal. 

1876 

37  52  49-63 

±0*06 

1  173 

—  •20 

•fo-17 

49*60 

Cal. 

1880 

38  22  23-43 

±o*o6 

730 

-•12 

-0-04 

23*27 

Cal. 

18S0 

38  39  46-46 

±009 

932 

-•16 

— 004 

46-26 

Cal. 

1873 

37  47  56  -97 

4:0-66 

25 

0 

-0-07 

56  90 

Cal. 

[888 

37  47  28  -08 

±004 

116 

-•02 

— o*o6 

28-00 

Ca..       { 

1891! 
[692/ 

....  28-33 

±0-01 

116 

-•02 

•  •  ■  « 

28  31 

Cal. 

[852 

37  47  35  '^ 

±0-04 

ZI8 

-•02 

0 

3596 
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H.  SYNOPSIS  OF  RESULTS  FOR  LATITUDE  OF  STATIONS,  ETC.— Comprtd. 


No. 


xoo 

lOI 

102 

103 

104 

105 
106 
107 
108 
109 


Name  of  station. 


San  Francisco,  Presidio,  new  station 

Mount  Tamalpais 

Mount  Helena 


Ross  Mountain 

Sulphur  Peak 
Ukiah 

Point  Reyes 

Bodega 

Mendocino  City 
Point  Arena 


State. 

Year. 

Observed 
latitude. 

Probable 
error. 

Approxi- 
mate alti- 
tude of 
station. 

Reduc- 
tion 
to  sea 
level. 

Correc- 
tion for 
variation 
of  pole. 

Final 
seconds 

of 
latitude. 

Cal. 

1896 

0     /        n 
374748-22 

:*:0*05 

130 

—  •02 

+0-I5 

48-35 

Cal. 

1S82 

37  55  1908 

±008 

791 

-•13 

+0  -23 

19-18 

Cal. 

1876 

38  40  01  -05 

±007 

I  322 

—  -22 

+0-22 

01-05 

Cal. 

/1S59I 
ti86o/ 

38  30  10  00 

±0-04 

672 

—  •11 

+0-07 

0996 

Cal. 

1859 

38  45  44  '57 

±0-04 

I  055 

-•18 

+0-03 

44  42 

Cal. 

1897 

39  aS  54  40 

±0-05 

260 

-04 

+©•23 

54-59 

Cal. 

1S.S3 

37  59  33  "6^ 

±0-13 

430 

—•07 

+0-07 

33-62 

Cal. 

1853 

38  18  20 '21 

±0-2I 

26^ 

-•04 

— o'o6 

20*11 

Cal. 

1853 

39  18  05 -56 

±OI2 

18 

0 

—0*06 

05  50 

Cal. 

1870 

3855  10 '34 

±0-19 

7 

0 

— o'i8 

10-16 

18732 — No.  4 ^47 
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V.  THE  RESULTS  OF  THE  ASTRONOMIC  DETERMINA- 
TIONS OF  AZIMUTH. 


A.  INTRODUCTION. 

The  azimuth,  like  the  latitude  determinations,  antedate  the  time  of  the  conception 
of  the  Transcontinental  Triangulation,  but  thej^  differ  from  them  in  the  variety  of  instru- 
ments and  methods  used.  This  might  have  been  anticipated  from  the  fact  that  the 
proper  selection  of  the  method  depends  largel}^  upon  the  kind  of  instrument  the  observer 
has  at  his  disposal,  as  well  as  upon  the  season  and  time  of  day  at  which  the  obser- 
vations are  to  be  made.  The  relative  advantages  and  disadvantages,  or  adaptability, 
of  various  methods  and  their  respective  instrumental  requirements,  together  with 
formulae  and  examples,  are  set  forth  in  Appendix  No.  14,  Coast  and  Geodetic  Survey 
Report  for  1880,  pp.  263  to  286.*  Under  the  title  **0n  the  determination  of  an  azimuth 
from  micrometric  observations  of  a  close  circumpolar  star  near  elongation  by  means  of 
a  meridian  transit  or  by  means  of  a  theodolite  with  eyepiece  micrometer, ' '  Appendix 
No.  2,  Part  II,  of  the  Coast  and  Geodetic  Survey  Report  for  1891,  pp.  15-19,  contains 
an  account  of  a  method  capable  of  great  accuracy,  w^hich  was  first  published  as  Bulletin 
No.  21  in  December,  1890.  In  the  great  majority  of  cases  the  azimuth  at  a  station  was 
determined  during  its  occupation  for  the  measures  of  horizontal  directions  and  the  same 
instrument  was  used  for  both  purposes.  The  following  table  gives  the  principal 
dimensions  of  the  various  instruments  used : 


Coast  and 

Geodetic 

Sur\ey 

number. 

Kind  of  instrument. 

t  Number 
of  micro- 
scopes. 

Name  of  maker. 

When 

made. 

i/miii- 

eter  of 
hori- 
zontal 
circle. 

cm. 

Focal 
length. 

cm. 

Clear 
aper- 
ture. 

cm. 

Magni- 
fying 
lK>wer. 

I 

Direction  theodolite 

3 

Troughton  &  Simms 

TS36 

75 

115 

7  "5 

(?i 

2 

Direction  theodolite 

3 

Troughlon 

1S17 

60 

7^ 

5 -2 

30-40 

5 

Direction  theodolite 

3 

Oertling 

1873 

50 

9S 

7  4 

80 

"3 

Direction  the<xlolite 

3 

Lingke  &  Co. 

1876 

50 

90 

7 

75 

114 

Direction  theodolite 

3 

Lingke  &  Co. 

1S76 

50 

\^7 

7 
5 

{75 
I32 

115 

Direction  theodolite 

3 

Ungke  &  Co. 

1876 

50 

100 

7 '4 

40-95 

10 

Direction  theodolite 

1  after  is.%1 

W.  Wilrdemann  (?) 

1S74 

35 

62 

5-6 

36 

r.s. 

Lake  Survey 

Direction  theodolite 

3 

Troughton  &  Simms 

1S71 

35 

60 

5 

(?) 

16 

Repeating  theodolite 

.... 

Gambey 

1848  (?) 

30 

75 

5 '3 

48 

32 

Repeating  theodolite 

•  •  •  > 

Gambcy 

(?) 

30 

{56 

153 

4  7 
5-3 

25 
2S-48 

118 

Direction  theodolite 

3 

Fauth  &  Co. 

1R78 

30 

5*^ 

6 

25-50 

135 

Direction  theodolite 

2, 
•  after  iSS; 

3 
2 

Fauth  &  Co. 

l8'^o(?) 

30 

49 

6-5 

25 

147 

Direction  theodolite 

Fauth  &  Co. 

ISS6(?) 

3C 

6-2 

28-37 

3 

Meridian  telescope 

.... 

E.  Kubel 

1S76 

•  •  •   • 

So 

7 

72 

7 

Meridian  tele.scoi)e 

... 

W.  Wiirdemann 

tS7o 

•    ■    ■    a 

66 

5 

35-67 

9 

Meridian  telescope 

a    .    «     • 

W.  Wiirdemann 

1870 

.    .     . 

65 

5  "2 

43 

13 

Meridian  telescope 

.... 

W.  Wiirdemann 

1S71 

66 

5  "5 

.     70 

•••V  new  edition  of  this  Appendix  has  appeared  in  the  Annual  Report  of  the  Suj)crintendent  for  1S97-9.S.    Appendix 
No.  7  by  J.  F.  Hayford,  assistant. 

t  Equidistant  reading-microscopes. 
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For  each  azimuth  station  the  following  abstracts  contain  the  individual  results  and 
all  information  needed  to  judge  of  the  value  of  the  determination.  The  apparent  places 
of  the  stars  used  are  taken  directly  from  the  American  Ephemeris  or  derived  from  the 
second  edition  of  Dr.  B.  A.  Gould's  Standard  Places  of  Fundamental  Stars  (Washington, 
1866),  unless  a  statement  is  made  to  the  contrary.  The  column  headed  '* Position"  ia 
the  summaries  of  results  refers  to  the  different  positions  of  the  horizontal  circle  of  the 
theodolite  during  the  observations,  so  distributed  as  to  eliminate  so  far  as  possible  system- 
atic errors  of  graduation.  The  probable  error  of  a  resulting  azimuth  is  determined  from 
the  differences  between  the  resulting  azimuth  and  the  individual  results  from  which  it  is 
derived,  but  no  account  has  been  taken  of  the  probable  error  of  the  star's  place,  which  is 
usually  much  smaller  than  the  obser\4ng  error.  At  a  majority  of  the  stations  the  effect  of 
an  uncertainty  in  the  star's  place  as  well  as  in  the  latitude  has  been  practically  eliminated 
by  observing  at  hour  angles  about  twelve  hours  apart.  For  stations  at  high  altitudes 
(west  of  the  Salina  Base),  where  the  azimuth  mark  was  at  a  triangulation  station,  a 
correction  for  reduction  to  sea  level  has  been  applied,  just  as  in  the  abstract  of  horizontal 
directions.  Where  the  azimuth  mark  was  used  simply  to  connect  the  azimuth  with  the 
horizontal  direction  measures,  no  such  correction  was  needed.  A  correction  has  been 
applied  to  the  azimuths  for  variation  of  latitude  and  is  given  in  the  summary  of  results; 
for  explanation  and  remarks  see  a  similar  correction  to  the  latitude  results  in  preceding 
part.  At  each  station  the  azimuth  of  the  mark  is  referred  to  a  line  of  the  triangulation 
for  convenience  in  comparing  with  the  corresponding  geodetic-  azimuth.  The  stations 
are  arranged  in  the  order  of  longitude  beginning  with  the  easternmost. 

B.  ABSTRACT  OF  RESULTING  AZIMUTHS. 

I.    EASTERN   SHORE   SERIES. 
(l)    CAPE   HENLOPKN    LIGHT-HOUSE,  SUSSEX   COUNTY,    DELAWARE. 

<p  =  38°  46' 7.  A  =  75°  o5''o  West  of  Greenwich. 

Results  for  azimuth  from  obscrvatio7is  of  a  UrscB  Minoris  afid  A.  Ursa  Minoris  at 
various  hour  angles. — The  30-centimetre  direction  theodoUte  No.  135  was  mounted  on  a 
brick  pier,  about  15  metres  north  of  the  light-house  tower.  Brandy  wine  Shoal  Light- 
House  was  used  as  azimuth  mark,  but  the  light,  which  was  usually  observed  upon,  was 
large  and  unsteady.  A  single  result  for  azimuth  is  derived  from  a  set  of  observ-ations 
consisting  of  pointing  on  mark,  pointing  on  star,  reversal  of  instrument,  pointing  on  star 
and  pointing  on  mark,  with  noting  of  time  and  level  readings  for  the  star  observ-ations. 
The  observations  and  field  computation  were  made  by  O.  B.  French;  the  oflSce  computa- 
tion by  D.  L.  Hazard  and  C.  C.  Yates.  The  probable  error  of  a  single  result  for  azimuth 
was  found  to  be  i:  i"76  for  a  Ursae  Minoris  and  ±  o"*97  for  A.  Ursae  Minoris. 
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Sumtnary  of  results  for  azimuth  at 

a  Ursse  Minoris. 


Cape  Henlopen  Light-House^  eccentric statioft^  Delaware. 

A  Ursae  Minoris. 


Date, 
1897. 

Position. 

Series. 

Mark 
W.  of  N. 

0  '       " 

A 

Sept.  5 

I 

r  I 
I  2 

6  14  23  97 
23  32 

+0-76 

+0-11 

m 

II 

r  I 
I  2 

2661 

+3-40 

5 

28-32 

+5-11 

5 

III 

r  I 
I  2 

23-12 
21-28 

-009 

-1-93 

6 

IV 

I  2 

25-38 
28-47 

+  2-17 

+  5-26 

6 

V 

I  2 

25  83 
25  46 

+  2-62 
+  2-25 

6 

VI 

I 
2 

24  90 

22 -08 

+  1-69 

-1-13 

6 

1 

VII 

J  I 
I  2 

24-46 

23-27 

4-1-25 
+006 

6 

VIII 

1  I 
I  2 

19-50 
21  70 

-3-71 
-1-51 

T 

IX 

r  I 
I  2 

23-41 
23  09 

+0-20 

—  0-12 

^ 

X 

J  I 
I  2 

25-66 

-f2-45 

7 

24  09 

+0-88 

7 

XI 

f  I 
\  2 

20-15 
21-13 

-3 -06 
—2 -08 

7 

XII 

r  I 
I  2 

17-98 
21-77 

-5  -23 
-1-44 

7 

XIII 

1  I 
I  2 

19-89 
19-70 

-3  -32 
-3-51 

8 

XIV 
an 

f  1 
l  2 

23-38 
21-99 

-fo-17 

—  I  "22 

Mei 

6  14  23-21 

±0-33 

^l^'?'        Position.     Series. 


Mark 
W.  of  N. 


o     I 


n 


Sept.  9 


ID 


ID 


10 


10 


10 


XV 

XVI 
XVII 

I 

II 

lii 

IV 

VI 

VIII 

XII 

XIII 


I  4 
I  4 
I  4 
1  4 


6  14  23-14 
22-73 

23-53 
21  -72 

24-79 
22-22 

[16-28] 

23-01 

21-99 
20-67 
22-24 
24-05 

21  -92 
20-83 
22 '22 

24 -55 
22-16 

23-14 
20-59 
20-51 
19  18 

20-84 


+0-95 

+0-54 
+  134 
-0-47 
+2 -60 
+0-03 
Rejected. 
+0-82 

— 0-20 

-1-52 

+0-05 

-fi-86 
—0-27 

-1-36 
+003 
+2-36 
-003 
+095 
-i-6o 
-1-68 
-3"oi 
-1-35 


Mean 


6  14  22*19 


±o-2i 


There  is  not  sufficient  evidence  of  position  errors  to  warrant  a  combination  of  the 
results  by  positions.  The  mean  of  the  separate  results  for  the  two  stars,  weighted  accord- 
ing to  their  probable  errors,  is  6°  14'  22"  48  rt  o"*i8;  the  indiscriminate  mean  of  the  49 
values,  6°  14'  22" 77.  The  true  value  probably  lies  between  these  two,  say  their  mean, 
6°  14'  22"'62  dio"*2i,  of  which  the  probable  error  is  obtained  from  the  differences 
between  it  and  the  individual  results.  Applying  the  correction  for  diurnal  aberration 
— o"*32,  we  have  mark  west  of  north  6^  14'  22"*3o  =b  o"'2i,  and  azimuth  of  Brandywine 
Shoal  Light-House  from  eccentric  station — 

o         /  //  // 

173  45  37  70  ±0 -21 
Reduction  to  center  of  Hght-house  —  20  -37 

Azimuth,  Cape  Henlopen  Light-House  to  Brandywine  Shoal  Light-House        173  45  17  "33  dr  o  *2i 

(2)    PRINCIPIO,  MARVI^ANI). 

(p  =  390  35''6.  A  =  76°  00^*3  West  of  Greenwich. 

Results  for  azimuth  Jrom  observations  of  a  Ursce  Minoris  near  Eastern  Elonga- 
tion,— The  6ocentimetre  direction  theodolite  No.  2  was  mounted  over  the  triangulation 
station.  The  mark  was  at  Carpenters  Point,  about  3J^  miles  south  of  the  station,  and 
consisted  of  the  usual  lamp,  of  which  the  light   showed    through  an  aperture  in  its 
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protecting  box.  A  single  result  for  azimuth  is  derived  from  a  set  of  observations  con- 
sisting of  3  pointings  on  the  mark,  reversal  of  instrument,  3  pointings  on  the  mark, 
4  to  6  pointings  on  the  star,  reversal  of  the  instrument,  followed  by  the  same  operations 
in  the  reverse  order,  with  the  necessary  time  and  level  readings.  The  obser\'ations  were 
made  by  R.  D.  Cutts;  computation  by  J.  Main.    Probable  error  of  a  single  result  di  i"*75. 


DHwC, 

1866. 


Aug.    15 

16 

17 
18 
20 
22 

23 
24 
25 
26 


Suffimaty  0/  results  for  azimuth  at  Pp-incipio^  Maryland. 
Position.         ^""^K  A  ?5i?'  Position. 


Mark 
W.  of  S. 


II 
II 
II 
II 
III 
III 
III 
IV 
IV 
IV 


o    /      /' 
3  05  08  -47 
03-68 
0S74 

02  39 
07  50 
07*hk> 
09  49 
07*26 
05  92 
03 '35 


+  1*27 

-3  "52 
+  1-54 

-  4 '81 
+030 
+o"6o 
+  2  29 
+o*o6 

—  I -28 
-5-85 


Aug.  27    ' 


Sept. 


29 

31 

I 

•  4 
4 
5 
5 
6 
6 


II 

+  1*15 

+  2-82 

+  173 
-1-99 

-4 '30 
+2*93 

+  1-28 


Mean,  Mark  West  of  South 

Diurnal  aberration 

Azimutli  of  Mark 

Angle  between  Turkey  Point  and  Mark 

Azimuth  of  Turkey  Point 


V  3  05  08 '35 

V  10  "02 

V  08  93 
I  05-21 
I  02  "90 
I  xo'i3 
I  oS-48 
I  [04  58  'Si]  Rejected. 
I  07*06  — 0*14 
I  II -oS            +3  SB 

0  /          //  // 

3  05  07  "20  zh  O  '40 

^0-32 

3  05  07   52 

1  30  24  'OI 

I  34  43*51 


(3)    CAIA'ERT,  MARVI,AND. 

(p  =  38°  21^-6.  A  =  76°  23^6  West  of  Greenwich. 

Results  for  azimuth  from  obsoi'atioyis  of  a  Ursce  Minoris  near  Easterri  Elojigation, — 
The  30-centimetre  Ganibey  theodolite  No.  1 6  was  mounted  on  a  3^ellow  pine  block  over 
the  triangulation  station.  The  mark  was  across  the  bay  at  Meekins  Neck,  about  6  miles 
distant.  A  single  result  for  azimuth  is  derived  from  a  set  of  obser\'ations  consisting  of 
12  repetitions  of  the  angle  between  the  mark  and  the  star,  6  wuth  telescoj^e  direct  and  6 
with  telescope  reversed,  the  star  being  observed  alternately  direct  and  reflected  in 
mercury.  Observer,  A.  T.  Mosman;  computer,  James  Main.  Probable  error  of  a  single 
result  zfco"7i. 

Summary  of  results  for  azimuth  at  Calvert,  Matyland. 


Date. 

1S71. 

M 
E. 

ark 
of  N. 

.^ 

Date, 

is-i. 

Mark 
K.  of  N. 

^ 

C       ' 

// 

n 

C       f         n 

II 

Aug.  25 

72  06 

>  09-30 

+  0-69 

Sept.  I 

11  06  09  74 

+  I-I3 

25 

07  23 

-I  -.vs 

I 

10  '83 

+  2-22 

-?5 

OS  42 

—0-19 

2 

o^•24 

-0  '37 

25 

"7  -54 

-I  07 

2 

07  45 

-I -16 

31 

oS  85 

+0-24 

2 

07  73 

-0  -SH 

31 

07-46 

-J    15 

2 

07-92 

—  0-69 

31 

oH-74 

+0-13 

3 

07  ^S 

-0-83 

31 

09  44 

4-0  -^3 

3 

08  49 

—  0-I2 

Sept  I 

09-69 

+  1  -oS 

3 

10-10 

+  I-49 

0 

/         // 

// 

MeJ 

in 

72 

06  08  -61  :t 

0 

•17 

Diu 

rnal  a]>erration 

-f  0-32 

Azi 

tnuth 

of  Meekins  Neck 

252 

06  08  -93  4- 

0 

17 
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(4)    MARRIOTT,  MAR\XAND. 

(p  =  38°  52-' -4.  X  =  76°  36^*6  West  of  Greenwich. 

Results  for  azimuth  from  observations  of  a^  6^  afid  X  tlrscs  Mitioris  near  Eastern 
Elongation^  and  ot^fi^  6^  and  Z  Ursce  Minoris  and  a  Ursce  Majoris,  7iear  Western  Eio7iga- 
tion. — The  6ocentimetre  direction  theodolite  No.  2  was  mounted  over  the  triangulation 
station.  Observers,  A.  D.  Bache  and  J.  Hewston,  jr.;  G.  Davidson  and  J.  Main,  com- 
puters. A  single  result  for  azimuth  is  derived  from  a  set  of  observations  consisting  of 
about  a  dozen  pointings  on  the  star,  one-half  with  telescope  direct  and  the  other  half 
with  telescope  reversed,  and  corresponding  pointings  on  the  mark.  Probable  error  of  a 
single  result  ±  i"*92. 

Summary  0/  results  for  azimuth  at  Marriott^  Maryland. 


stars  near  Eastern  Elongation. 


Stars  near  Western  Elongation. 


Date, 

1849. 

Star. 

Position. 

Mark 
W.of  N. 

A 

Date, 
1849. 

Star. 

Position. 

Mark 

W^  of  N. 

A 

0   /       // 

// 

0    /       '/ 

tf 

[ne    4 

«  Urs.Min. 

IV 

0  58  25  -61 

-177 

June  5 

a  Urs.  Min. 

V 

0  5S  23  05 

-5 -51 

4 

A  Urs.  Min. 

III 

25-48 

-I  90 

10 

0  Urs.  Min. 

VII 

29  "M 

+0-98 

5 

8  Urs.  Min. 

II 

3»'37 

+3  99 

IX 

a  Urs.  Maj. 

VI 

29-68 

+  1  "12 

5 

A  Urs.Min. 

I 

25  76 

-1-62 

II 

^  Urs.  Min. 

VI 

29-75 

+  1-19 

5 

tt  Urs.  Min. 

XI 

28  10 

+072 

16 

p  Urs.Min. 

VIII 

2877 

+0-2I 

8 

6  Urs.Min. 

IX 

23 '15 

-4-23 

16 

9  Urs.Min. 

IX 

25-12 

-3*44 

8 

A  Urs.  Min. 

X 

29  09 

4-1  71 

iS 

j8  Urs.  Min. 

X 

30-71 

+2  15 

10 

a  Urs.  Min. 
an 

VIII 

30-50 

+3 '12 
:-o-68 

18 

.  iC 

6  Urs.Min. 
in 

XI 

31  •R4 

+3  -28 

Me 

05S  27  38 

0  5S  28  -56 

±0-71 

0     /         // 

/f 

Mean, 

Mark  West  of  North 

0  58  27  -971 

!rO*48 

Mark  West  of  South 

179  01   32  -03 

Correction  for  diurnal  aberration 

^0-31 

Azimuth  of  Mark 

179  01   32  34 

Angle 

between  Hill  and  Mark 

82   23  48  -98 

Azimuth  of  Hill 

96  37  43  36 

(5)    WEBB,  MARYLAND. 

<^  =  390  o5''*4.  X  =  76°  40^*5  West  of  Greenwich. 

Results  for  azimuth  from  observations  of  a  Ursce  Minoris  fiear  Eastern  aiid  IVestem 
Elongations. — The  7 5 -centimetre  direction  theodolite  No.  i  was  mounted  over  the  tri- 
angulation station.  The  mark  was  about  a  mile  distant.  Observers,  A.  D.  Bache  and 
G.  W.  Dean;  computer,  J.  Main.  A  single  result  for  azimuth  is  derived  from  a  set  of 
observations  consisting  of  6  pointings  on  the  mark,  half  with  telescope  direct  and  half 
with  telescope  reversed,  12  pointings  on  the  star,  half  of  these  being  direct  and  half 
reversed;  finally  6  more  pointings  on  the  mark.     Probable  error  of  a  single  result  db  o'^'dj. 
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Summary  of  results /or  azimuth  at  IVebby  Maryland, 


a-  Ursae  Minoris  near  Eastern 
Elongation. 


a  Ursae  Minoris  near  Western 
Elongation. 


Date, 

1850. 


Oct.  29 

Nov.    I 

10 

14 


Position. 

I 

II 
III 
IV 

V 


Mean 


Mark 
E.  of  N. 

o      '        " 
6  07  45  '46 
46*62 

45  "97 
44  75 
44  "31 

6  07  45  -42 


// 

+0-04 

+  1  '20 
+0-55 

— o"67 
—  I  '11 

±0*28 


Date, 

1850. 


Oct.  29 
Nov.  9 

13 
14 
18 


Position. 

I 

III 
IV 

V 
II 


Mean 


Mean,  Mark  E.  of  N.  6°  of  45^^-56  or  W.  of  S. 

Diurnal  aberration 

Azitnuth  of  Mark 

Angle  between  Soper  and  Mark 

Azimuth  of  Soper 


Mark 
E.  of  N. 

o   /       '/ 
6074545 
4446 

47  "59 
45 '23 
4573 


ft 
— o'li 
-1-23 

+i'90 
— 0-46 

+004 


6  07  45  -69  ±0-35 

o         /         //  // 

186  07  45  -56  ifc  O  '21 
+  032 

186  07  45  -88 
97  07  56  64 
88  59  49  '24 


2.    ALLEGHENY  SERIES. 


(6)    HILL,    MARYLAND. 


0  =  38°  53' •9- 


A  =  76°  52^-8  West  of  Greenwich. 


Results  for  azimuth  from  observations  of  a  Ursce  Minoris  near  Eastern  and  Western 
Elongations  and  \  UrscB  Minoris  near  Upper  Culmijiation. — The  75-centimetre  direction 
theodolite  was  mounted  over  the  triangulation  station.  The  mark  was  in  line  to  station 
Webb.  Observ'^ers,  A.D.  Bache  and  G.  W.  Dean;  computer,  J.  Main.  A  single  result  for 
azimuth  is  derived  from  a  set  of  observations  consisting  of  6  pointings  on  the  mark,  half 
with  telescope  direct  and  half  with  telescope  reversed,  10  pointings  on  the  star,  half  direct 
and  half  reversed,  and  finally  6  more  pointings  on  the  mark.  Probable  error  of  a  single 
result  =  ±0" '83.  The  results  from  A.  Ursae  Minoris  are  considered  inferior  and  are 
therefore  not  used. 

Summary  of  results  for  azimuth  at  Hill,  Maryland. 


a 

Ursae  Minoris  near  Eastern 
Elongation. 

a  Ursa:  Minons  near  Western 
Elongation. 

K  Ursse  Minoris  near 

u.c. 

late, 

1R50. 

Position. 

Mark 

E.  of  N. 

\ 

Date, 

1850. 

Position. 

Mark 
E.  of  N. 

A 

\l^:        Position. 

Mark 
E.ofN. 

0     '        " 

n 

0    /       " 

n 

0    '       " 

Sept.  27 

III 

39  46  56  53 

-0  30 

Sept.  26 

III^ 

39  46  59 '34 

-»-i"57 

Sept.  17    1         V 

39  46  60-22 

28 

II 

54  63 

—  2  "20 

27 

II 

57-38 

-019 

21              I 

59-66 

^ 

' 

IV 

57*07 

+0   24 

2S 

IV 

57  96 

+019 

Oct.     4    1         II 

62  96 

Oct.     3 

5 

1 
ean 

I 
V 

5*^-35 
57  "55 

+  1-52 
+072 

±042 

Oct.      2 
4 
M( 

I 
V 

:an 

56  50 

57  '^7 

-I  27 
—010 

±0-31 

These  results  not 

used. 

M 

39  46  56  83 

39  46  57  77 

0 

/        // 

Mean  39°  46''  57'''*30  E.  of  N.,  or 
Mean  corrected  for  diurnal  aberration 
Angle  between  Mark  and  Webb 
Azimuth  of  Webb 


219  46  57  -30  W.  of  S. 
219  46  57  62  zbo'''*26. 

o  on  00  '27. 
219  46  57  -89. 
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(7)    SOPER,    MARYLAND. 

q)  =  39O  05^*2.  A  =  76®  57' 'o  West  of  Greenwich. 

Results  for  azimuth  from  observations  of  a  Ursa  Minoris  near  Lower  Culmination  ^ 
\  Ursa  Minoris  near  Eastern  Elongation,  and  S  Ursce  Minoris  fiear  Western  Elonga- 
tion.— The  75-centimetre  direction  theodolite  No.  i  was  mounted  over  the  triangulation 
station.  The  mark  was  442  metres  to  the  south  of  the  station.  Obsen^er,  A.  D.  Bache; 
computer,  J.  Main.  A  single  result  for  azimuth  is  derived  from  a  set  of  observations 
consisting  of  6  pointings  on  the  mark,  10  pointings  on  the  star,  half  with  telescope  direct 
and  half  with  telescope  reversed,  6  pointings  on  the  mark,  taken  just  before  culmination, 
followed  by  similar  operations  immediately  after  culmination.  For  the  stars  at 
elongation  the  operations  are  not  repeated.     Probable  error  of  a  single  result  =  dz  o"'92. 

Summary  of  results  for  azimuth  at  Soper^  Maryland. 


Date. 

1850. 

Star. 

Position. 

Mark 

E.  of  N. 

> 
t-i 

Date, 

1850. 

SUr. 

PoMtion. 

Mark 
E.  of  N. 

0       *         n 

// 

0     *        /' 

/• 

July    4 

A  Urs.  Min,  E.  E. 

Ill 

178  19  38  03 

— o'i9 

July  1 1 

a  Urs.  Min.  L.  C. 

IV 

17S  19  37-00 

-I  22 

4 

I  Ure.  Min.  W.  E. 

III 

38-23 

+O-0I 

19 

a  Urs.  Min.  L.  C. 

V 

39  01 

+079 

5 

a  Urs.  Min.  L.  C. 

III 

3858 

+0-36 

23 

a  Urs.  Min.  L.  C. 

V 

40  10 

+  1-88 

8 

a  Urs.  Min.  L.  C. 

III 

3762 

-o-6o 

25 

a  Urs.  Min.  L.  C. 

I 

40  29 

+2-07 

xo 

a  Urs.  Min.  L.  C. 

IV 

37*40 

-o-8a 

29 

aUr8.*Min.  L.  C. 

II 

35-96 

-2-26 

Mean 

0        / 
178   19 

38-22  -^- 

0-29 

Azimuth  of  Mark  (corrected  for  diurnal  aberration)     358  19 

38-54 

Angle  between  Webb  and  Mark 

8930 

15  08 

Azimuth  of  Webb 

268  49  23  -46 

(8)   SEATON,  DISTRICT  OF  COLUMBIA. 


0=38°  53'-4. 


X  =  77°  00^ 'o  West  of  Greenwich. 


Results  for  azimuth  from  observations , of  a  Ursa  Minoris  at  various  hour  angles. — 

The  75-centimetre  direction  theodolite  was  mounted  over  the  triangulation  station. 

The  mark  was  on  the  tower  of  the  Soldiers'  Home,  about  3  J4  miles  distant.     Observer, 

C.  O.  Boutelle;  computer,  James  Main.     A  single  result  for  azimuth  is  derived  from  a 

set  of  observations  consisting  of  8  pointings  on  the  mark  and  8  pointings  on  the  star, 

one-half  of  these  with  telescope  direct  and  one-half  in  the  reversed  position.     The  star 

was  observed  alternately  direct  and  reflected  in  mercury.     Probable  error  of  a  single 
result  =  it  o"72. 
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Summafy  of  results  for  azimuth  at  Seaton,  District  of  Columbia. 


Date. 

Position. 

Scries. 

Mark 
W.of  N. 

Mean  of 
position. 

1868. 

0     '         n 

n 

Dec.   17 

II 

I 

10  01   15  55 

17 

II 

2 

13*50 

17 

II 

3 

13  50 

17 

II 

4 

15  '05 

14  40 

18 

III 

I 

12*40 

18 

III 

2 

13-20 

iS 

III 

3 

13-00 

iS 

III 

4 

13  "55 

18 

III 

5 

13-60 

13 '15 

19 

IV 

I 

13  00 

19 

IV 

2 

II  '40 

19 

IV 

3 

13-90 

21 

IV 

4 

14  '35 

21 

IV 

5 

i3«o 

>3"29 

21 

V 

I 

"•95 

21 

V 

2 

13-20 

21 

V 

3 

13*25 

21 

V 

4 

10-70 

21 

V 

5 

13 '80 

12-58 

n 


+0-67 


-0-58 


-0-44 


Date. 

Position 

Series. 

Mark 
W.of  N. 

Mean  of 
position. 

1868.     I 

0 

t         n 

// 

Dec.   27 

VI 

I             ic 

>  01  14  -65 

27 

VI 

2 

1350 

27 

VI 

3 

13 '30 

27 

VI 

4 

14  10 

27 

VI 

5 

14-70 

U"05. 

1869.     ' 

Jan.     5 

VII 

I 

1575 

5 

VII 

2 

14  85 

5 

VII 

3 

14 '35 

5 

VII 

4 

13  "45 

5 

VII 

5 

13  45 

14*37 

6 

I 

I 

M  05 

6 

I 

2 

14  25 

6 

I 

3 

1415 

6 

I 

4 

15' 10 

6 

I 

5 

13-70 

14*25 

0 

/ 

// 

// 

10 

01  13 

—0 

73 
•32 

d=o-i8 

169  58  46 

•59 

1           95 

34  07 

•17 

265 

32  53 

76 

-l-o*3« 


+0-64 


+0-52 


-I  15 

Mean 

Aberration 

Azimuth  of  Mark 

Angle  between  Mark  and  Hill 

Azimuth  of  Hill 

(9)    CAUSTKN,    DISTRICT   OF   COLUMBIA. 

q)  =  38°  SS^'S'  ^  —  77°  04^*4  West  of  Greenwich. 

Results  for  azimuth  from  observations  on  a  Ursce  Minoris  near  Eastern  Elongation 
and  near  Lower  Culmination. — The  75 -centimetre  direction  theodolite  No.  i  was  mounted 
over  the  triangulation  station.  The  azimuth  mark  was  about  a  quarter  of  a  mile  distant. 
Observer,  G.  W.  Dean;  computer,  James  Main.  A  single  result  for  azimuth  at  elonga- 
tion is  derived  from  a  set  of  observations  consisting  of  6  pointings  on  the  mark,  one-half 
with  telescope  direct  and  the  other  half  in  the  reversed  position,  10  pointings  on  the 
star,  telescope,  half  direct  and  half  reversed,  finally  6  more  pointings  on  the  mark.  At 
culmination  two  such  sets,  one  before  and  the  other  after  culmination,  are  combined  to 
get  a  single  result. 

Summary  of  results  for  azimuth  at  Causten^  District  of  Columbia. 


Star  near  Eastern  Elongation. 


Star  near  I«ower  Culmination. 


Date, 

1851. 

Position. 

Mark 
E.  of  N. 

A 

Date. 

1851. 

Position. 

Mark 
E.  of  N. 

A 

0     /        " 

n 

0    /       '/ 

n 

May     9 
12 

M 

I 

II 
III 

30  52  60  78 

59  25 
61-84 

+0-I6 
-1*37 

+  1  "22 

May  26 

31 
June 

v 

IV 
III 

30  52  57  41 
58  07 
60-44 

-1-88 

—  1-22 

+  i'i5 

on 

±0-51 

4 

7 

Mea 
Abe 

II 

n 
rration 

59*27 
61-27 

30  52  59  29 
+0-31 

--0'02 
+  1-98 

Mean 
Aberrati 

30  52  60  62 
■fo'32 

-0-48 

0 

/ 

// 

Mark  E.  of  N.  30°  53^ 

OC/^'2'J  -^ 

&' 

■37  or 

210 

53 

GO  '27  W. 

ofS. 

Ai 
Az 

igle  between  Mark  a 
iniuth  of  SoDer 

nd 

Soper 

0 
210 

01  41  •5^ 
54  41  7S 
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(10)    SUGAR   LOAF,  MARYLAND. 


c/- 


<P  =  2>r  i5'7. 


A.  =77°  23^*6  West  of  Greenwich. 


Results  for  azimuth  from  observations  of  a  Ursa  Minoris  at  various  hour  angles. — 
The  50-ceiitimetre  direction  theodolite  No.  113  was  mounted  over  the  triangulation 
station.  The  mark  was  near  the  railroad  station  at  Bamesville,  3'8  miles  distant. 
Observers,  C.  O.  Boutelle  and  F.  D.  Granger ;  computer,  James  Main.  A  single  result 
for  azimuth  is  derived  from  a  set  of  observations  consisting  of  a  pointing  on  the  mark 
followed  by  pointings  on  the  star  and  its  image  reflected  in  mercury,  reversal  of  instru- 
ment, pointings  on  the  star  and  its  reflected  image,  concluding  with  a  pointing  on  the 
mark.     Probable  error  of  a  single  result  =  ±  i"*o2. 


Summary  of  results  for  azimuth  at  Sugar  Loaf  Maryland, 


Date. 

1879. 

Position. 

^^^^'         E^oYn. 

Mean  of 
position. 

A 

Date. 

1879. 

Fasition.     Series. 

Mark 
E.  of  N. 

Mean  of 
position. 

0        /           "                     t* 

tt 

0     '       " 

f» 

S«pt.    19 

I 

I          167  01  60 '45  I 

Oct.    16 

VI              3 

167  01  59  90 

19 

I 

2                      58 '39 

60 -30 

-fo-24 

16 

VII                1 

60  95 

19 

I 

3                      61-76 

16 

VII                    2 

5899 

60 -23 

24 

II 

1                      62  50 

16 

VII               3 

60  76 

24 

II 

2                     61  00 

60-34 

+0-38 

x6 

vni          1 

58-39 

25 

II 

3                     57 '51 

16 

VIII               2 

61-37 

59-69 

Oct.      14 

III 

I                     58-50 

16 

VIII              3 

59-32 

III 

2                     5942 

53-46 

-1-50 

3» 

IX                1 

60-07 

III 

3                     57  "47 

31 

IX               2 

59-23 

59-23 

IV 

I                     59  16 

31 

IX               3 

58-39 

IV 

2                      58 '62 

59  05 

— 091 

Nov.    9 

X                I 

60*42 

IV 

3                     59  36 

9 

X                       2 

62-23 

61-58 

V 

I                     60-51 

9 

X            •     3 

62-08 

V 

2                     58  83 

5956 

—0-40 

9 

XI                I 

61-54 

V 

3                      59  "35 

9 

XI                      2 

60-17 

61-63 

Oct.      16 

VI 

J                 •57-58 

9 

XI                3 

63-17 

16 

VI 

2                      61  -25 

59-58 

-0-33 

% 

0        /           // 

ff 

Mean 

167  01  59  96  -^- 

0*20 

Diurnal  aberration 

-0-32 

Azimuth  of  Mark 

347  02  00*28 

Angle  between  Mark  and  Bull  Run 

45  27  16-51 

Azimuth  of  Bui 

1  Run 

32  29  1679 

+0-27 


—0-27 


-0-73 


+  1-62 


4-1-67 
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(ll)    MARYLAND   HEIGHTS,    MARYLAND. 


^  =  39°  20' '4. 


A  =  77°  43' o  West  of  Greenwich. 


Results  for  azimuth  from  observatiojis  of  Polaris  at  various  hour  aiigles.—  The 
7 5 -centimetre  direction  theodolite  No.  i  was  mounted  over  the  triangulation  station. 
The  azimuth  mark  was  on  a  hill  back  of  Knoxville,  about  3^  miles  distant.  Observer, 
C.  O.  Boutelle;  computer,  James  Main.  A  single  result  for  azimuth  is  derived  from  a 
set  of  observations  consisting  of  a  pointing  on  the  mark,  pointings  on  the  star  and  its 
image  reflected  from  mercury,  reversal  of  instrument,  pointings  on  the  star  and  its 
reflected  image,  pointing  on  the  mark.     Probable  error  of  a  single  result  —  =b  i"'io. 

Sufnmary  of  results  for  azimuth  at  Maryland  Heights^  Maryland, 


Date. 

1S70. 

Position. 

*i^r\f^           Mark 
^"^**-        E.  of  N. 

Mean  of 
position.        '-^ 

Date. 

1870. 

Position.     Series. 

Mark 
E.  of  N. 

Mean  of 
position. 

C        '           //                       •/                           " 

0     »       »• 

ct.       9 

Ill 

I          108  14  41  '37 

Oct.    16 

VII               4 

X08  14  45  '63 

9 

III 

2                      42  67 

16 

VII               5 

43  32 

9 

III 

3                      41  -86 

43*10       ^0-36 

21 

I                  I 

45 '45 

9 

III 

4                      44  "85 

21 

I                 2 

4571 

9 

III 

5                      44  75 

21 

I                 3 

4565 

45'i5 

M 

v 

I                       45  92 

21 

I                  4 

42 '55 

'       M 

V 

2                      43  "34 

21 

I                  5 

46  37 

M 

V 

3                      44  "43 

43  "82        +0-36 

22 

II                 I 

42  09 

14 

v 

4                      42 '67 

22 

II                 2 

41-41 

14 

v 

5                      4275 

22 

n            3 

42  90 

42  55 

15 

VI 

1                       41 '5° 

22 

II                  4 

42  48 

»5 

VI 

2                      40  '39 

22 

II            5 

4386 

15 

VI 

3                      40  54 

42  -40         - 1  '06 

23 

IV                 I 

4J'97 

15 

VI 

4                       44  79 

23 

IV                      2 

41  45 

15 

VI 

5                      44-80 

23 

IV                3 

45  32 

43 '33 

16 

VII 

I                       43  "62 

23 

IV                4 

43  95 

16 

VII 

2                      42  '98 

23 

IV                5 

4396 

16 

VII 

3                      43  "67 

43 '84        +0-38 

• 

0       /          // 

// 

Mean 

108   14  43  -46 

From  all  values 

-4- 

o-i8 

And  from  positions 

— 

0*24 

Diurnal  aberration 

-ro'32 

Azimuth  of  Mark 

288  14  43  78-»-o*i8 

Angle  between  Mark  and  Bull  Run 

70  28  23 "lO 

Azimuth  of  Bui 

11  Run 

358  43  06  -88 

ft 


+  1*69 


— 0*91 


-013 


(12)  BUtlv   RUN,  VIRGINIA. 

q>  =t=  38°  52''*9.  A  =  77®  42^-2  West  of  Greenwich. 

Results  for  azimuth  from  observations  of  Polaris  at  various  hour  angles, — ^The 
75 -centimetre  direction  theodolite  No.  i  was  mounted  over  the  triangulation  station. 
The  azimuth  mark  v^'as  on  High  Point  Mountain  about  ij^  miles  distant.  Obser\^er, 
C.  O.  Boutelle;  computer,  James  Main.  A  single  result  for  azimuth  is  derived  from  a 
set  of  observations  consisting  of  a  pointing  on  the  mark,  pointings  on  the  star,  and  its 
image  reflected  in  mercury,  reversal  of  instrument,  pointings  on  the  star,  and  its  reflected 
image,  and  finally  a  pointing  on  the  mark.     Probable  error  of  a  single  result  =  i  i""2o. 
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Sufnmary  of  results  for  azimuth  at  Bull  Run^  Virginia. 


Date. 

1871. 

Position. 

c_.  _           Mark 
bcnes.        w.ofN. 

Mean  of 
position. 

Date. 

X871. 

Position.     Series. 

Mark 
W.  of  N. 

Mean  of 
position. 

0     t      It            ti 

n 

0      f      1' 

n 

Oct.  13 

I 

I          158  36  28  -56 

Oct. 

22 

IV                4 

158  36  29-71 

13 

I 

2                     2878 

22 

IV                5 

28-26 

n 

I 

3                      3263  1     2984 

-0-14 

23 

V                 I 

28-:i 

14 

I 

4                     3057 

23 

V                a 

30-04 

14 

I 

5                      2867 

23 

V              3 

28 '40 

2859 

17 

II 

I                       3363 

23 

V                 4 

28-10 

19 

II 

2                      29-88  1 

23 

V                 5 

28-31 

19 

II 

3                      30  "91  1    32  05 

+2-07 

Nov, 

2 

VI                 I 

33  40 

19 

II 

4                      33  25 

-2 

VI                a 

3306 

»9 

II 

5                      32-56 

2 

VI                3 

^i'32 

3175 

ao 

III 

1                      28-83 

2 

VI                4 

29-48 

30 

III 

2        ^             31-56 

2 

VI                5 

31 '47 

20 

III 

3                      30  '02 

2965 

-033 

3 

VII                1 

28-93 

20 

III 

4                      2872 

3 

VII                    2 

31  06 

20 

III 

5                      29-13 

3 

VII               3 

30*12 

2949 

22 

IV 

I                      28-18 

3 

VII               4 

28-77 

22 

IV 

2                      27  94 

3 

VII               5 

28-58 

22 

IV 

3                       28  -^AS 

28-49 

-.1-49 

• 

0        /         ff 

// 

Mean 

158  36  29  98 

From  all  values 

=fc0-20 

And  from  positions 

-^-0-36 

Mean  corrected  for  diurnal  aberration 

158  36  29  -66 

±0*20 

Azimuth  of  Mark 

21  23  30-34 

Angle  between  Mark  and  Peach  Grove 

242  29  57  -Si 

Azimuth  of  Bead 

I  Grove 

263  53  28-15 

A 


// 


-I  39 


+  177 


-049 


«p;=  38°  18^-7 


(13)  Ci«ARK,  Virginia. 

X  =  78°  00' -2  West  of  Greenwich. 


Results  for  azimuth  from  observatioiis  of  Polaris  at  various  hour  angles. — The  75- 
centimetre  direction  theodolite  No.  i  was  mounted  over  the  triangulation  station.  The 
azimuth  mark  was  at  Rapidan  railroad  station,  nearly  5  540  metres  distant.  Observer, 
C.  O.  Boutelle ;  computer,  James  Main.  A  single  result  for  azimuth  is  derived  from  a 
set  of  observations  consisting  of  a  pointing  on  the  mark,  pointings  on  the  star  and  its 
image  reflected  from  mercury,  reversal  of  instrument,  pointings  on  the  star,  and  its 
reflected  image,  and  finally  a  pointing  on  the  mark.  Probable  error  of  a  single  result 
=  dzi"-09. 
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Summary  of  results  for  azimulh-  at  Clark  ^  Virginia, 


^g**»      Position.     Scries. 


Aug. 


7 

10 
10 
lO 
lO 

II 
II 
II 
II 

IX 

14 
14 
14 
14 
14 
15 
15 
15 


III 

III 

III 

III 

III 

IV 

IV 

IV 

IV 

IV 

V 

V 

V 

V 

V 

VI 

VI 

VI 


I 

2 

3 
4 
5 
I 

2 

3 

4 

5 
I 

2 

3 
4 
5 
I 

2 

3 


Mark 
W.  of  N. 

o      '  '/ 

85  30  57  *o5 
57*79 
58-48 
6o'i2 

59  20 
5889 
58-64 
61-35 

62  73 

63  53 
57-44 
62-33 
63-46 
59-80 
59 '27 

58-43 
58-81 

5970 


Mean  of 
position. 


// 


58-53 


// 


—I'll 


61  -03        +1  '39 


60  "46        +0  -82 


Date, 

1871. 


Aug.  15 

15 
18 
18 
18 
18 
18 

25 
25 
25 
25 

25 
30 
30 
30 
30 
30 


Position.     Series. 


59-28       -0-36 


Mean 

From  all  values 

And  from  positions 

Diurnal  aberration 

Azimuth  of  Mark 

Angle  between  Mark  and  Bull  Run 

Azimuth  of  Bull  Run 


VI 

VI 

VII 

VII 

VII 

VII 

VII 

I 

I 

I 

I 

I 

II 

II 

II 

II 

II 


4 

5 
I 

2 

3 

4 

5 

I 

2 

3 
4 

5 
I 

2 

3 

4 
5 


// 


o       /         // 

85  30  59  '64 

±o-i8 

it:0*24 
—0*32 

94  29  00  "68  dro  -18 
107  50  27  '09 
202  19  27 '77 


Mark 
W.  of  N. 

Of       n 

85  30  59  "04 
60*41 

59*23 

59-30 
61-51 

59-81 
58-78 
59  57 
61-35 
59 '91 
5965 
59  ^i 
5852 
57  56 
57  "49 
59*41 
59*37 


Mean  of 
position. 


// 


59*73        +0-09 


59*96        +0*32 


5847       -117 


(14)  Long  Mount,  Virginia. 


<?>  =  37°  17^ '4. 


A  =  79°  05^*2  West  of  Greenwich. 


Results  for  azimuth  from  observations  of  Polaris  at  various  hour  ayigles. — ^The  35- 
centimetre  direction  theodolite  No.  10  was  mounted  over  the  triangulation  station. 
The  mark  was  in  the  belfry  of  the  court-house  at  Lynchburg,  about  10  miles  distant. 
Observer,  A.  T.  Mosman;  computer,  James  Main.  A  single  result  for  azimuth  is 
derived  from  a  set  of  observations  consisting  of  one  reading  of  the  mark,  readings  of 
the  star,  and  its  image  reflected  from  mercury,  reversal  of  the  instrument,  readings  of 
the  star,  and  its  reflected  image,  and  finally  a  reading  of  the  mark.  Probable  error  of 
a  single  result  =  =b  i"'54. 
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Summary  of  results  for  azimuth  at  Long  Mounts  Virginia. 


Date, 

1875. 

Position. 

c^^^.           Mark 
Scncs.        ^  ^f  j^ 

Mean  of 
position. 

A 

Date, 

1875. 

Position.     Series. 

Mark 

W.  of  N. 

Mean  of 
position. 

A 

0    '       tf            » 

n 

0     1       n 

// 

n 

lov.    13 

I 

I           ao  48  1 1  '90 

Nov.  18* 

XIII              I 

20  48  II  -50 

13 

I 

2                     07  92 

09-91 

-3-20 

18 

XIII              2 

10-05 

10-78 

-2  33 

>3 

II 

I                     ii'ii 

iS 

XIV              I 

13-20 

13 

II 

2                     1079 

10-95 

-2 -16 

22 

XIV              2 

15 -18 

14  19 

+  1-08 

»3 

III 

I                      13  '31 

22 

XV                I 

13  01' 

>1 

III 

2                      14  52 

»3'9i 

+o'8o 

22 

XV                    2 

13-25 

13-13 

+0*02 

17 

IV 

1                      16  06 

22 

XVI               1 

12  "61 

17 

IV 

2                      17-51 

16-78 

+3-67 

27 

XVI                   2 

15-90 

14-25 

+  I-I4 

17 

V 

I                               14  '22 

23 

XVII               I 

10-12 

17 

V 

2                      15 '35 

14-78 

+1-67 

23 

XVII                   2 

12-03 

II  08 

-2  03 

»7 

VI 

1                15  0 ; 

23 

XVIII             I 

12-42 

«7 

VI 

2                               14    15 

14*60 

+  1-49 

23 

XVIII                  2 

10  20 

11-31 

-1-80 

17 

VII 

1                               11 '90 

23 

XIX               1 

12-74 

»7 

VII 

2                      15  "35 

13  "63 

+0-52 

23 

XIX                    2 

II  '12 

11-93 

—I  -18 

17 

VIII 

1                      15  93 

23 

XX                I 

n-40 

17 

VIII 

2                      16  79 

16-36 

+3-25 

23 

XX                    2 

13-52 

12-46 

—0-65 

17 

IX 

1                        14-36 

25 

XXI               I 

14-96 

17 

IX 

2                          12  '53 

13 'TO 

+059 

^5 

XXI                    2 

13-08 

14-02 

+0-91 

18 

X 

I                       1677 

25 

XXII              I 

15-26 

18 

X 

2                       14  27 

15-52 

+2-41 

25 

XXII                   2 

12-75 

14  00 

+0-89 

18 

XI 

I                       13-27 

25 

XXIII             I 

0998 

18 

XI 

2                       15  45  1     1436 

-fi-25 

27 

XXIU             2 

10-78 

10-38 

-273 

iH 

XII 

1                      07-98 

18 

XII 

2                       10  -85 

09-42 

-3*69 

0      /         //              // 

Mean 

20  48  13*11 

From  all  values 

±0 

•23 

And  from  positions 

±0 

•28 

Diurnal  aberration 

—0-32 

Azimuth  of  Mark 

159   II   47*21    rbO 

•23 

Angle  between  Mark  and  Spear 

64  16  54  '53 

Azimuth  of  Sp 

ear 

223  28  41  74 

(15)    ELUOTT  KNOB,  VIRGINIA. 


<p  =  38°  lo'-o. 


\  =  790  18' '9  West  of  Greenwich. 


Results  for  azimuth  from  observations  of  Polaris  at  various  hour  angles, — The 
jO-centinietre  direction  theodolite  No.  114  was  mounted  over  the  triangulation  station. 
A  collimator  mounted  on  a  brick  pier  29  feet  distant  was  used  as  a  mark.  Observer, 
A.  T.  Mosman;  computer,  James  Main.  A  single  result  for  azimuth  is  derived  from  a 
set  of  observations  consisting  of  a  pointing  on  the  mark,  pointings  on  the  star  and  its 
itoage  reflected  from  mercury,  then  reversal  of  instruments,  followed  by  similar  obser- 
vations of  star  and  mark.     Probable  error  of  a  single  result  =  =b  i"'50. 
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Summary  of  results  for  azimuth  at  Elliott  Knob^  Virginia. 


Date. 

1878. 


Aug. 


Position. 

Series. 

Mark 
E.  of  N. 

0  /       " 

Mean  of 
position. 

2 

I 

I 

I  41  36  •! 

2 

I 

2 

331 

34 '9 

2 

I 

3 

35  "4 

2 

II 

I 

37 -8 

2 

II 

a 

33-6 

34*5 

2 

II 

3 

32  I 

3 

III 

I 

35  4 

3 

III 

2 

35 '5 

34-1 

3 

III 

3 

31-4 

- 

3 

IV 

I 

35  9 

3 

IV 

2 

38  2 

37*5 

3 

IV 

3 

38-3 

3 

V 

z 

34-1 

3 

V 

2       • 

36-0 

361 

3 

V 

3 

381 

// 


+0-4 


O'O 


•4 


+3*o 


+1-6 


Mean 

From  all  values 

Prom  positions 

Diurnal  aberration 

Azimuth  of  Mark  (collimator) 

Angle  between  Mark  and  Humpback 

Azimuth  of  Humpback 


Date, 

1878. 

Position 

.    Series. 

Mark 
E.of  N. 

Mean  of 
position. 

0   /       tt 

// 

^«g.    3 

VI 

I 

1  41  35*2 

3 

VI 

2 

37  I 

35-8 

3 

VI 

3 

35 -2 

3 

VII 

I 

34*2 

3 

VII 

2 

32-4 

325 

3 

VII 

3 

31  0 

VIII 

I 

33  9 

VIII 

a 

34 '3 

33-6 

VIII 

3 

32-6 

IX 

I 

361 

IX 

2 

324 

34-6 

IX 

3 

35 '3 

X 

I 

32 -6 

X 

a 

30-8 

31-6 

X 

3 

31 '4 

0 

/ 

// 

// 

I 

41 

34-52 

±0*27 
-HO -36 

-rO-32 

181 

41 

34-84 

dbO-27 

pback 

121 

43  49  '53 

303 

25 

24*37 

// 


+  1-3 


—  20 


-0-9 


+01 


-29 


(16)    KEENEV,   WEST  VIRGINIA. 


<?>  =  37**  46^-4. 


X  —  80°  42' -3  West  of  Greenwich. 


Three  separate  determinations  of  azimuth  were  made  at  this  station  by  A.  T.  Mos- 
man  in  September,  1880. 

( I )  /Jesuits  /or  azimuth  from  observations  of  Polaris  at  various  hour  angles  within  one 
hour  of  Eastern  Elongation, — The  50-centimetre  direction  theodolite  No.  11 4  was  mounted 
over  the  triangulation  station.  The  mark  was  on  Little  Sewall  Mountain,  about  9*56 
miles  distant.  Observer,  A.  T.  Mosman;  computers,  A.  S.  Christie  and  A.  Ziwet.  A 
single  result  for  azimuth  is  derived  from  a  set  of  observations  consisting  of  three  point- 
ings on  the  mark,  three  pointings  on  the  star,  followed  by  reversal  of  instrument  and 
similar  pointings  on  star  and  mark.     The  probable  error  of  a  single  result  =  -iz  i""i4. 

( I )  Sutumary  of  results  of  first  detertnination. 


Date. 

1880. 

Position. 

Mark 
E.of  N. 

A 

Date, 

1880. 

Position. 

Mark 
K.  of  N. 

A 

0    / 

n 

// 

0    » 

// 

tf 

Sept.  10 

VIII 

I  41 

4879 

+050 

Sept.  15 

Ill 

1  41 

48  04 

—0-25 

10 

VII 

45  07 

-3  "22 

15 

IV 

49  05 

+0-76 

J3 

IX 

47 '95 

-c-34 

15 

V 

50  "22 

+  i"93 

13 

X 

47  91 

-038 

15 

VI 

46-36 

-I  93 

13 

XI 

47-91 

-038 

19 

VII 

51 29 

+300 

14 

I 

49  60 

+  1-31 

19 

VIII 

48-96 

+0-67 

14 

II 

46  62 

-1-67 
0 

/       // 

// 

Mean         i 

41   48*29 

rbO-3I 
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(2)  Results  for  azimuth  from  micrometric  measures  of  the  angle  between  the  mark  and 
Polaris  at  Eastern  Elongation, — Instrument  and  mark  as  in  the  first  determination.  A 
shorter  telescope  carrying  an  eyepiece  micrometer  was  substituted  for  the  one  ordinarily 
used.     One  turn  of  eyepiece  micrometer  =  77 '"65. 

(3)  Meridian  telescope  No:  13  was  mounted  at  a  distance  of  23*165  metres  from  the 
triangulation  station  and  exactly  in  line  to  the  azimuth  mark.  One  turn  of  eyepiece 
micrometer  =  77 '848.  Observer,  A.  T.  Mosman;  computers,  A.  S.  Christie  and  A. 
Ziwet.  A  single  result  for  azimuth  is  derived  from  a  set  of  observations  consisting  of 
three  bisections  of  the  mark  with  the  micrometer  thread,  three  bisections  of  the  star, 
followed  by  reversal  of  the  telescope  and  similar  readings  of  the  star  and  mark.  The 
probable  error  of  such  a  set  was  found  to  be  rfc  o"'58  for  theodolite  No.  1 14  and  zt  o"*75 
for  meridian  telescope  No.  13. 


(2)  Summary  of  results  of 
second  detemt  (nation. 


(3)  Summary  of  results  of 
third  determination. 


Date, 
1880. 

Mark 
E.ofN. 

A 

Date, 

1880. 

Mark 
Eof  N. 

A 

0    /       tf 

n 

0   /       ft 

n 

Sept.  16 

I  41  48 '36 

—0 

•74 

Sept.  21 

I  41  48  96 

-0-34 

16 

48-14 

—0 

•96 

21 

49  04 

-0-26 

16 

48-84 

—0 

•26 

21 

51*41 

+  2-II 

16 

48- 09 

—  I 

-01 

21 

48-60 

—0-70 

16 

49 '39 

+0 

-29 

2Z 

49 '54 

+0-24 

16 

48-07 

—  I 

•03 

21 

51*17 

+  1-87 

18 

50*62 

+  1 

•52 

22 

48-02 

—  1  -28 

18 

49  55 

+0 

•45 

22 

47-63 

^1-67 

18 

49  26 

+0 

•16 

22 

4975 

+0-45 

iS 

50*35 

+  1 

•25 

22 

4^-95 

-0-35 

18 

49-62 

+0 

•52 

22 

49  29 

— o-oi 

18 

48-89 

—0 
±0" 

-21 

22 

Mean 

49  26 

—0-04 

Mean 

I  41  49-10 

I  41  49-30 

±0"-22 

Summary  of  results  for  azimuth  at  Keeney,  West  Virginia. 


( 1 )  Mark,  East  of  North 

(2)  Mark,  East  of  North 

(3)  Mark,  East  of  North 


// 


// 


41 


48*29  ±0*31 
49 'lo  dbO'i7 
49*30  ±o*22 


Mean,  Mark  East  of  North                       i  41 
Diurnal  aberration 

Azimuth  of  Mark                                     iSi  41 

Angle  between  Mark  and  Bald  Knob    75  22 

Azimuth  of  Bald  Knob                         257  04 


48*90  ±o*2i 
f  0*32 

49*22    d=0*2f 

46*72 

35*94 
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(17)    PINKY,  WEST  VIRGINIA. 


q>  =  38°  26'7 


A.  =  82°  03^*5  West  of  Greenwich. 


Results  for  azimuth  from  observations  of  Polaris  at  various  hour  angles  near  Eastern 
Elongation, — The  50-centimetre  direction  theodolite  No.  1 14  was  mounted  at  the  triangu- 
lation  station.  The  azimuth  mark  was  at  station  Gebhardt,  about  12  miles  distant. 
Observers,  A.  T.  Mosman  and  W.  B.  Fairfield;  computer,  L.  A.  Bauer.  A  single 
result  for  azimuth  is  derived  from  a  set  of  observations  consisting  of  3  pointings  on  the 
mark,  3  pointings  on  the  star,  followed  by  reversal  of  instrument  and  similar  pointings 
on  star  and  mark.  Probable  error  of  a  single  result  =  zfco""94.  The  observations  of 
September  19  are  given  only  one-half  weight  on  account  of  the  extremely  unfavorable 
conditions  of  the  weather. 


Summary  of  results  for  azimuth  at  Pineyy  West  Virginia. 


Date. 

1883. 

Position. 

Mark 
W.  of  N. 

Mean  of 
position. 

Date, 

1883. 

Position. 

Mark 
W.  of  N. 

Mean  of 
position. 

_i 

0       »        fi                       //                    n 

0     1      " 

»< 

n 

pt.     9 

I 

60  55  27 -83 

Sept.  15 

VII 

60  55  29  56 

9 

I 

30-24             29*04          +0-25 

»5 

VII 

29 -88 

2972 

+o*93 

9 

II 

29   22   i 

15 

VIII 

29-21 

10 

II 

28-41    I 

15 

VIII 

29-20 

29*20 

+0*41 

10 

II 

28  20  "         28-61         -o"i8 

15 

IX 

25-72 

10 

III 

28-83 

»5 

IX 

25  90 

10 

III 

27  48           28-16         —0-63 

22 

IX 

27  09 

26*24 

-2 '55 

14 

IV 

29-78 

19 

X 

24 '45 

14 

IV 

30-10           29-94         +1-15 

J9 

X 

26 -66 

14 

v 

28-96 

19 

X 

27-23 

a6*ii 

-2*68 

14 

v 

29-10  .         29-03         +0-24 

22 

XI 

28-58 

14 

VI 

30  "37 

22 

XI 

28 -72 

28*65 

-0-14 

14 

VI 

30-92  I        30-64        +i'85 

0       i 

'         ff 

// 

Weighted  position  mean 

605 

5  2879 

-»-o-26 

Diurnal  aberration 

-0-32 

Azimut 

h  of  Gebhardt 

119   G 

'4  31  '53 

^026 

<P  =  38°  3«'-5. 


3.    OHIO   SERIES. 
(18)    GOUI,D,  OHIO. 

A  =  82®  49'' 9  West  of  Greenwich. 


Results  for  azimuth  from  micrometric  measures  of  the  angle  between  Polaris  near  Eastern 
Elongation  and  an  elo7igation  mark, — Meridian  telescope  No.  7  was  mounted  on  a  wooden 
block  61  '652  metres  from  the  triangulation  station,  but  accurately  in  line  with  the  mark, 
which  was  about  2  miles  distant.  Observer,  A.  T.  Mosman;  computer,  L.  A.  Bauer. 
A  single  result  for  azimuth  is  derived  from  a  set  of  observations  consisting  of  5  bisec- 
tions of  the  mark  with  the  movable  thread  of  the  eyepiece  micrometer,  followed  by  5 
bisections  of  the  star;  then  reversal  of  the  telescope  and  5  more  bisections  of  star  an«l 
mark.     Probable  error  of  the  result  from  one  night  =  3bo"'58. 
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Summary  of  results  for  azimuth  at  Could,  Ohio. 


Date, 

1885. 

Mark 
E.of  N. 

Mean  of 
night. 

0   '       " 

n 

It 

Sept.  14 

I  39  58  77 

U 

59 '39 

14 

58-21 

14 

59  17 

5J^'88 

+0 

72 

15 

59  95 

15 

59  94 

15 

58-57 

15 

5871 

15 

59-16 

59  27 

+  1 

■II 

16 

57 '35 

16 

57 '57 

16 

*57-66 

16 

58  58 

16 

57-38 

5771 

—0 

•45 

Date, 

1885- 

Mark 
E.of  N. 

Mean  of 
night. 

0   /       // 

n 

Sept.  17 

I  3957*89 

17 

57  "06 

»7 

57*50 

17 
x8 

58-23 
57-69 

57-67 

18 

57*33 

18 

57-89 

IS 

56*47 

18 

5690 

57 -36 

A 


// 


•49 


— 0*90 


// 


Mean 

Diurnal  aberration 

Reduction  to  triangulation  station 

Azimuth  of  Mark 

Angle  between  Howland  and  Mark 

Azimuth  of  Howland 


I  39  58  "15 
-f  0*32 

—  0-05 

181  39  58*43 
96  50  45  'o? 
84  49  13  '36 


drO*26 


=bO*26 


(19)    MINERVA,    KENTUCKY. 


q>  =  38°  42^-5. 


X  =  83°  55^*1  West  of  Greenwich. 


Results  for  azimuth  from  observations  of  Polaris  at  various  hour  angles, — The 
30-centimetre  direction  theodolite  No.  118  was  mounted  over  the  triangulation  station. 
The  azimuth  mark  was  on  the  tower  of  the  court-house  at  Georgetown,  about  13  miles 
distant.  Observer,  A.  T.  Mosman ;  computer,  L.  A.  Bauer.  A  single  result  for 
azimuth  is  derived  from  a  set  of  observations  consisting  of  2  pointings  on  the  mark,  i 
pointing  on  the  star,  and  i  on  its  image  reflected  from  mercury,  reversal  of  the  instru- 
ment followed  by  similar  pointings  on  the  star  and  mark.  Probable  error  of  a  single 
result  =  zkz  I  "'54. 
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Sutntnary  of  results  for  azimuth  at  Minerva^  Kentucky, 


Date, 

1887. 

Position. 

Series. 

Mark 
E.  of  N. 

Mean  of 
position. 

0   ^ 

It 

// 

Aug.    10 

I 

I 

4  06 

15 '3 

10 

I 

2 

14-4 

14 '8 

10 

II 

I 

17-2 

10 

11 

2 

16 -6 

16-9 

II 

III 

r 

23  "3 

II 

III 

2 

aa-8 

39 

III 

3 

195 

29 

III 

4 

20  "O 

21-4 

13 

IV 

I 

17-2 

13 

IV 

2 

19-3 

29 

IV 

3 

157 

17 '4 

13 

V 

I 

20'2 

«3 

V 

a 

19 '3 

29 

V 

3 

19-2 

19-6 

>3 

VI 

I 

18  "0 

1^ 

VI 

a 

ao'6 

^9 

VI 

3 

15  "8 

18 'I 

ao 

VII 

I 

14*8 

0 

ao 

VII 

2 

176 

l6-2 

20 

vin 

I 

159 

20 

VIII 

2 

16 'O 

16 'O 

A 


Date, 

18K7. 


// 


-2-5 


-0-4 


+4-1 


+0-I 


+2-3 


+0-8 


—  I 'I 


-1-3 


Aug.  25 

IX 

25 

IX 

29 

IX 

25 

X 

28 

X 

28 

XI 

28 

XI 

28 

XII 

28 

XII 

28 

XIII 

28 

xiii 

28 

XIV 

28 

XIV 

30 

XIV 

28 

XV 

29 

XV 

29 

XVI 

29 

XVI 

29 

XVII 

29 

XVII 

Position.     Series. 


I 

2 

3 
I 

a 

I 

a 

I 

a 

I 

a 

I 

a 

3 
I 

a 

I 

2 
I 
a 


Mean,  of  all  values  4**  06'  17'^ '44,  and  from  positions  4 

Mean  by  positions  corrected  for  diurnal  aberration  4 

Azimuth  of  Mark  184 

Angle  between  Mark  and  Ash  Ridge  26 

Azimuth  of  Ash  Ridge  210 


/        // 
06  17 '26 

06  17-57 
06  17-57 
48  24*90 
54  42  '47 


Mark 

K.  of  N. 

o    /      tt 
4  06  13*4 
13-0 
18 -o 

17  "9 

18  "I 

16 -2 

17  "5 

157 
16 -8 

18 '2 

19 'O 

139 

13 '6 

19  I 
19*6 
16 -8 
16 -a 

17  •! 

18 -2 

177 

// 
=bO-28 

±0*28 


Mean  of 
position. 

n 

14 -8 
18 -o 
x6'9 

16-3 
18 '6 

15*5 
18 -a 

167 
18-0 


-25 
+07 
— o'4 
—  i*o 

+1  3 

-1-8 

+09 
— o'6 

+07 


^  =  39®  02^*9. 


4.    INDIANA  SERIES. 
(20)    REIZIN,    INDIANA. 

\  =  85°  08^ '4  West  of  Greenwich. 


Results  for  azimuth  from  observations  of  Polaris  at  various  hour-angles, — ^The  50- 
centimetre  direction  theodolite  No.  1 14  was  mounted  10*241  metres  from  the  triangulation 
station  and  accurately  in  line  to  station  Tanner.  The  azimuth  mark  was  at  Tanner 
42*6  kilometres  distant.  Observer,  A.  T.  Mosman;  computer,  L.  A.  Bauer.  A  single 
result  for  azimuth  is  derived  from  a  set  of  observations,  consisting  of  i  pointing  on  the 
mark,  pointings  on  the  star,  and  its  image  reflected  from  mercury,  reversal  of  instrument, 
followed  by  similar  observations  of  star  and  mark.     Probable  error  of  a  single  result 


o""9o. 
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Summary  of  results  for  azimuth  at  Reizin^  Indiana. 


Date, 

18S9. 

Position 

.    Series. 

Mark 

E.  of  N. 

Mean  of 
Position. 

A 

Date, 

1889. 

Position 

I.    Scries. 

Mark 

E.  of  N. 

Mean  of 
Position. 

0    /       If 

tt 

// 

0 

#      ti  * 

tt 

rt.       4 

I 

I 

96  5645-8 

Oct.     7 

VI 

I 

965644-6 

5 

I 

a 

46 -6 

7 

VI 

2 

467 

5 

I 

3 

46-8 

9 

VI 

3 

48-4 

46-6 

5 

I 

4 

45 '5 

46-2 

+0-3 

8 

VII 

I 

46-8 

5 

II 

1 

45*8 

8 

VII 

2 

4-7 -I 

5 

II 

2 

44  "9 

8 

VII 

3 

47  7 

47*2 

5 

II 

3 

45*9 

45*5 

-0-4 

8 

vin 

I 

43*2 

5 

III 

I 

45  1 

8 

VIII 

2 

45-8 

5 

III 

2 

48-5 

8 

VIII 

3 

44-6 

44*5 

5 

III 

3 

469 

46-8 

+0*9 

8 

IX 

1 

45*1 

7 

IV 

I 

45  7 

R 

IX 

2 

46*2 

7 

IV 

2 

47-1 

8 

IX 

3 

45-9 

45  7 

m 

1 

IV 

3 

47*4 

467 

+0-8 

9 

X 

I 

440 

7 

V 

X 

44*5 

9 

X 

3 

44-6 

7 

V 

2 

43  0 

9 

X 

3 

45*4 

44  7 

7 

V 

3 

44-6 

44 -o 

-1-9 

9 
9 
9 

XI 
XI 

XI 

I 

2 

3 
0      /        // 

467 
47-6 
46-0 
// 

46-8 

Mean, 

of  all  values 

45^''90. 

and  from 

positio 

ns 

96  56  45 

•88 

-+-0-22 

Diurnal  aberration 

1 

+  0 

•32 

Correction  for  eccentricity  k 

1 

[>f  station 

—  0 

•27 

Azimuth  of  Mark  (Tanner) 

276  56  45 

•93 

±0-22 

// 


+07 


+  1-3 


-1-4 


— 0*2 


—  1*2 


+0*9 


(21)   WEED  PATCH,    INDIANA. 

qi  =  390  lo-'-o.  A  =  86°  i3''o  West  of  Greenwich. 

Results  for  azimuth  from  observations  of  Polaris  at  various  hour  angles. — The 
30-centimetre  direction  theodolite  No.  147  was  mounted  over  the  triangulation  station. 
The  azimuth  mark  was  at  Monroe,  a  State  sun-ey  station,  13 '5  kilometres  distant. 
Observer,  G.  A.  Fairfield;  computer,  L.  A.  Bauer.  A  single  result  for  azimuth  is 
derived  from  a  set  of  observations  consisting  of  2  pointings  on  the  mark,  pointings  on 
the  star  and  its  image  reflected  from  mercury,  reversal  of  the  instrument,  followed  by 
similar  observations  of  star  and  mark.     Probable  error  of  a  single  result  =  ±  2"*i7. 

Summary  of  results  for  azimuth  at  Weed  Patchy  Indiana. 


Date. 

T>^  ^2  *!<..>. 

Mark 

Mean  of 

Date, 

•  ■ 

Mark 

Mean  of 

1889.       '^"»»"""- 

E.  of  N. 

position. 

L 

1889. 

POSltlOU.         g   ^f  ^, 

position. 

A 

0     t          n 

n 

ti 

0    /       // 

n 

It 

Sept.   II 

I 

95  23  53  '5 

Sept.  13 

X 

95  23  44  0 

18 

I 

49  4 

51*4 

+3-8 

19 

X 

440 

440 

-3*6 

II 

II 

45  0 

450 

-2-6 

13 

XI 

48-2 

48*2 

+06 

II 

III 

48 -s 

48-8 

+  1-2 

13 

XII 

47-8 

47-8 

+o*a 

II 

IV 

44  5 

44-5 

-31 

13 

XIII 

424 

12 

V 

451 

45  I 

-25 

19 

XIII 

440 

43  "2 

-4  4 

12 

VI 

48-6 

48-6 

+  1-0 

17 

XIV 

45  "3 

45*3 

-23 

12 

VII 

482 

48-2 

+06 

17 

XV 

51-8 

12 

VIII 

51-2 

19 

XV 

51-6 

517 

+4-1 

19 

VIII 

465 

48-8 

+  1-2 

18 

XVI 

45 '3 

45 '3 

-2 '3 

13 

•  IX 

497 

497 

+  2-1 

18 

XVII 

52  9 

19 

XVII 

53  0 
0       /         // 

529 
/If 

+5-3 

Mean,  of  all  values 

47''-86. 

and  from 

positio 

ns 

95  23  47  '56 

±0*51 

Diurnal  aberration 

4-0-32 

Azimuth  of  Mark 

275  23  47 -88 

-^-o'si 

Angle  between  Mark  and  Fountain 

92  09  33  -26 

J 

\zimuth  of  Fountain 

7  33  21  -14 
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<P  =  38°  51^-4. 


(22)    OSBORN,  INDIANA. 

A.  =  86°  52^-6  West  of  Greenwich. 


Results  for  azimuth  from  observations  of  Polaris  at  various  hour  angles. — The  30 
centimetre  direction  theodolite  No.  147  was  mounted  over  the  triangulation  station. 
The  azimuth  mark  was  in  an  open  field,  about  3  miles  distant.  Observer,  G.  A. 
Fairfield;  computer,  L.  A.  Bauer.  A  single  result  for  azimuth  is  derived  from  a  set  of 
observations  consisting  of  two  pointings  on  the  mark,  pointings  on  the  star  and  its 
image  reflected  from  mercury,  reversal  of  instrument,  followed  by  similar  pointings  on 
star  and  mark.     The  probable  error  of  a  single  result  =  zfc  i"'oo. 

Summary  of  results  for  azimuth  at  Osbom^  Indiana, 


Date, 

1887. 

Position 

Mark 
W.  of  N. 

Mean  of 
position. 

A 

Date, 

1887. 

Position. 

Mark 
W.  of  N. 

Mean  of 
position. 

A 

0    /        n 

n 

tt 

0   /       // 

tt 

ti 

June  23 

I 

4  14  50-4 

50  "4 

-0-5 

June  27 

X 

4  14  50-2 

50 -2 

-07 

23 

II 

53-1 

53*1 

■k-1'1 

27 

XI 

(w=H)55-3 

26 

III 

(a' =5^)46-3 

July    I 

XI 

52  I 

53  "2 

+2-3 

July     I 

III 

50-3 

490 

-1-9 

June  27 

XII 

52  0 

52*0 

+1-1 

June  26 

IV 

48-8 

48-8 

—2-1 

28 

XIII 

49 '9 

49  9 

—I  0 

36 

V  • 

51 -I 

51  I 

-fO'2 

28 

XIV 

51 '2 

51-2 

+03 

26 

VI 

505 

505 

-0-4 

28 

XV 

51-0 

51*0 

+o'r 

26 

VII 

50 '6 

50 '6 

-o'3 

28 

XVI 

52-0 

520 

+1-1 

27 

VIII 

53 '5 

53 '5 

+2-6 

July    I 

XVII 

(w=54)44  7 

27 

IX 

501 

50'i 

-0-8 

2 

XVII 

* 

507 

487 

—  2 '2 

0       /        //               // 

Weij 

B^hted  mean,  of  all  values  sc/^'^s*  and  from  p 

Dsitions 

4  14  50-90  ±0 

■24 

Dim 

nal  aberration 

—0 

•32 

Azin 

luth  of  Mark 

175  45  09-42  ±0 

'24 

Ang 

le  between  Mark  and  Calvary 

16  31  08 

•29 

Azin 

lutli  of 

Calvary 

192  16  17 

71 

5.    ILIvINOIS  SERIES. 

(23)    PARKBRSBURG,  ILLINOIS. 
«p  =  38°  34^-8.  A  =  88°  01^-8  West  of  Greenwich. 

Results  for  azimuth  from,  observations  of  ^i  Cephei  and  a^  6^  and  A.  Ursa  Minoriz. — 
This  azimuth  was  determined  by  A.  R.  Flint,  of  the  United  States  Lake  Survey,  and  a 
full  account  of  it  is  given  in  "  Professional  Papers  of  the  Corps  of  Engineers,  No.  24," 
pages  673-686.  The  35-centimetre  Troughton  and  Simms  theodolite  was  mounted  over 
the  triangulation  station.  Two  azimuth  marks  were  used.  For  night  observations  the 
mark  was  about  2  miles  distant  in  a  westerly  direction.  For  daylight  obser\'^ations  a 
mark  about  1 1  miles  to  the  eastward  was  used.  A  single  result  for  azimuth  is  derived 
from  a  set  of  observations  consisting  of  pointings  on  mark,  star,  star  and  mark,  reversal 
of  instrument  and  again  pointings  on  mark,  star,  star  and  mark;  then  the  same  opera- 
tions in  the  reverse  order,  making  in  all  16  pointings  on  the  mark  and  the  same  number 
on  the  star.  The  star's  places  were  taken  from  the  American  Ephemeris,  but  the 
azimuth  results  were  corrected  for  the  difference  between  the  American  Ephemeris  and 
Auwers'  declinations.  In  two  cases  where  the  number  of  pointings  were  only  half  the 
usual  number,  the  results  are  given  only  half  weight. 
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Summary  of  results  for  azimuth  of  West  Azimuth  Mark. 


Date, 

1879. 


Aug.  9 

10 

II 
12 

13 
16 


Star. 


Polaris  near  £.  E. 


Nov.  23     Polaris  near  W.  K. 
A-ug.  9     51  Cephei  near  E.  B. 


IT 

12 

n 

16 

17 

Nov.  20 

24 

25 

• 

29 

Mark 
W.  of  S. 

o       t       tl 
III  32  32  92 

36-34 
37 '31 

34  92 
33  83 
34-28 

33-05 

(«'=^)33-«9 

35  '27 

35-»7 
34-86 

34-21 
3' -15 
33 '41 
32  45 
3J-6o 

34-41 


Date, 

i'^79- 


Star. 


tt 
-0-83 
+2-59 

+3-58 
+  1-17 
+0-08 

+0-53 
— 070 

+0-I4 
+  i"52 
+  1-42 
+  1  '11 
+046 
—2 -60 

-o  34 
—I  "30 

-2  15 
-fo-66 


Aug.  10     I  l!rs.  Min.  near  W.  E. 


II 
12 

13 
16 

17 
Nov.  20 

23 
24 

25 

29 
Aug.  12 

16  I 


41 
t( 
II 
i( 
II 
11 
l( 
l( 
I. 


A  Urs.  Min.  near  W.  B. 


•/  t 


Nov"  20 

25 
29 


Mark 
W.  of  S. 

^ 

0      '      // 

// 

III  32  33  24 

-0-51 

34-49 

+074 

34-64 

+0S9 

35 '60 

+  1-85 

35  50 

+  1-75 

3»'46 

-2-29 

35-64 

+  1-89 

33 -28 

-0-47 

32-96 

-079 

30-34 

-3  41 

33 '53 

— 022 

(«'=  5^)35-25 

+1-50 

32-50 

-1-25 

31-00 

-275 

34-63 

+0-88 

32  -25 

-I  50 

3308 

—0-67 

o  /  //  // 

Weighted  mean         iii  32  3375^0*19 
Summary  of  results  for  azimuth  of  East  Azimuth  Mark, 


Date, 

1879. 

Star. 

Mark 
W.of  S. 

0     t     ft 

A 
tt 

Date, 

1879. 

Star. 

Mark 
W.  of  S. 

oil' 

A 

Aug.  II 

Polaris 

near  I,.  C. 

290  06  28  -66 

~i-26 

Nov.  20 

Polaris  near  K.  K. 

290  06  29-88 

-006 

12 

11 

29*02 

—0-90 

21 

«k 

29 '15 

-0-77 

17 

II 

29-27 

-0-65 

23 

11 

29-81 

— o"ii 

17 

11 
Mean 

30-98 

+  i'o6 

24 
25 

II 

0        /        // 
290  06  29  '92 

^0 

51  -43 
31-06 

•36 

+  i-5» 
+  1-14 

Angle 

between  Marks 

181    26  03  -51 

A-o 

•32 

Azimuth  of  West  Mark 

"I  32  33 '43 

-+-0 

•44 

Weighted  mean  of  results 

III  32  3370 

-^-o 

•17 

Angle 

between  West  Mark  and  Denver 

31  43  41  74 

Azimuth  of  Denver 

143  16  15  -44 

<?>  =  38°55'-5. 


(24)    NEWTON,    ILLINOIS. 

A.  =  88°  09^-8  West  of  Greenwich. 


Results  for  azimuth  from  observations  of  Polaris  at  various  hour  angles  near  Eastern 
Elongation, — The  30-centimetre  direction  theodolite  No.  135  was  mounted  over  the 
triangulation  station.  The  azimuth  mark  was  at  station  Claremont,  23*6  kilometres 
distant.  Observer,  G.  A.  Fairfield;  computer,  L.  A.  Bauer.  A  single  result  for 
azimuth  is  derived  from  a  set  of  observations  consisting  of  two  pointings  on  the  mark, 
pointings  on  the  star  and  its  image  reflected  from  mercury,  followed  by  reversal  of 
instrument  and  similar  pointings  on  star  and  mark.     Probable  error  of  a  single  result 


=  d=i"-i2. 
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Summary  0/ results  for  azimuth  at  Newton^  Illinois. 


Date, 

1883. 

Position. 

Mark 
E.  of  N. 

A 

Date, 

1883. 

Position. 

Mark 

R.  of  N. 

A 

0 

/     // 

It 

0      f        rt 

It 

Oct.    30 

I 

141 

29  07*2 

+2-3 

Nov.  2 

IX 

141  29  06'0 

+I-I 

30 

II 

02 '3 

-2-6 

2 

X 

04*6 

-03 

3» 

III 

04  3 

-0-6 

2 

XI 

01 -6 

-3*3 

3» 

IV 

075 

+2-6 

2 

XII 

06  0 

+I-I 

Nov.     I 

V 

02*9 

-20 

2 

XIII 

04 '8 

— O'l 

1 

VI 

04  6 

-0-3 

4 

XIV 

065 

+1-6 

I 

VII 

047 

-0-2 

4 

XV     • 

06  0 

+1-1 

I 

VIII 

04-8 

—01 

6 
6 
0        / 

XVI 
XVII 
//            // 

03  I 
057 

-1-8 
+0-8 

Mean 

141  29  04  -86  -4-0  '27 

Diurnal  aberration 

I 

+  0-32 

Azimuth  of  Claremont    321  29  05  'iS 


<P  =  38**  36^-8 


(25)  HORDING,  ILUNOIS. 

A  =  89°  20^*4  West  of  Ore  *nwich. 


Results  for  azimuth  from  observations  of  Polaris  at  various  hour  angles, — The 
30-centimetre  direction  theodolite  No.  135  was  mounted  over  the  triang^lation  station. 
The  mark  was  at  station  GeofiFrey,  11%  kilometres  distant.  Observer,  G.  A.  Fairfield; 
computer,  L.  A.  Bauer.  A  single  result  for  azimuth  is  derived  from  a  set  of  observations 
consisting  of  two  pointings  on  the  mark,  pointings  on  the  star  and  its  image  reflected 
from  mercury,  followed  by  reversal  of  instrument  and  similar  pointings  on  star  and 
mark.     Probable  error  of  a  single  result  =  rt  i"'25. 

Summary  0/  results  for  azimuth  at  Bording^  Illinois. 


Oct. 


Date, 

1882. 

Position.              ^Mark^ 

A 

Date. 

1S82. 

Position 

Mark 
W.  of  N. 

A 

t.     29 

II 

126  34  50 -86 

-1-85 

Nov.     6 

X 

126 

34  50-66 

—2-05 

29 

III 

51  '15 

-1-56 

6 

XI 

52-15 

-0-56 

V.       3 

IV 

•       50  05 

-2-66 

i 

XII 

52  59 

-0"I2 

3 

V 

52  39 

-0-32 

1 

XIII 

52-42 

—  0*29 

3 

VI 

55-28 

+2-57 

/ 

XIV 

53-33 

+0-62 

3 

VII 

55 '49 

+  278 

7 

XV 

56-19 

+3-48 

6 

VIII 

50  07 

-264 

7 

XVI 

53-76 

+  1-05 

6 

IX 

53 '57 

+0-86 

7 

9 
0      / 

XVII 

I 

// 

// 

53-93 
52-26 

+  1*22 
-0-45 

Mean 

126  3 

4  52  71 

-4-0-30 

• 

Diurnal  aberration 

—  0-31 

Azimuth  of  Geoffrey 

53  2 

5  07-60 

6.    MISSOURI   SERIES. 
(26)    KLEINSCHMIDT,  MISSOURI. 

<p  =  38°  30^ "3.  A.  =  90°  19^*5  West  of  Greenwich. 

Results  for  azimuth  from  observations  oj  Polaris  at  various  hour  angles. — The  30- 
centimetre  repeating  theodolite  No.  32  was  mounted  over  the  triangulation  station.  The 
azimuth  mark  was  about  i>^  miles  distant.  Observer,  William  Eimbeck;  computer, 
James  Main.  A  single  result  for  azimuth  is  derived  from  a  set  of  observations  consisting 
of  6  repetitions  of  the  angle  between  the  mark  and  the  star,  one-half  with  telescope  direct 
and  one-half  with  telescope  reversed.     The  first  .set  consisted  of  12  rep)etitions,  one-half 
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of  the  observations  being  on  the  star's  image  reflected  from  mercury.     Probable  error  of 
a  single  result  =  db  3"'o. 

Summary  of  results  for  azimuih  at  Kleinsckmidty  Missouri, 


Date, 

1871. 

Mark 
E.  of  N. 

A 

Date, 

1871. 

] 

Mark 
.  of  N. 

A 

0    •      /' 

// 

0 

(      ti 

f 

Nov.  30 

20  4 1  28  '6 

-0-8 

Dec. 

6 

30 

41  30*2 

+o'8 

Dec.    4 

387 

-07 

8 

29 'O 

-0-4 

4 

32  "5 

+3-1 

34-6 

+5-2 

6 

24-8 

-4-6 

363 

+6-9 

6 

a6-3 

-3 -I 

21-5 

-7 '9 

6 

26-0 

-3 '4 

31*3 

+1-9 

6 

26-1 

-3-3 

36-4 

+7-0 

// 


// 


Mean 


20  41  29*45  ±079 


Azimuth  of  Mark,  corrected  for  diurnal  aberration    200  41  29  77  ifc  o  79 
Angle  between  Insane  Asylum  and  Mark  o  31  58  '15 

Azimuth  of  Insane  Asylum  200  09  31  '62 

(27)    BBRGER,    MISSOURI. 

cp  =  38®  35^  "9.  -^  =  91°  17^*5  West  of  Greenwich. 

Results  for  azimuth  from  observations  of  Polaris  near  Eastern  Elongation, — The 
35-centimetre  direction  theodolite  was  mounted  over  the  triangulation  station.  The  mark 
was  a  little  more  than  a  mile  distant.  Observer,  H.  W.  Blair;  computer,  James  Main. 
A  single  result  for  azimuth  is  derived  from  a  set  of  observations  consisting  of  a  pointing 
on  the  mark,  pointings  on  the  star,  and  its  image  reflected  from  mercury,  followed  by 
reversal  of  the  instrument  and  similar  pointings  on  star  and  mark.  Probable  error  of  a 
single  result  =  db  i"*5i. 


Summary  of  results  for  azimuth  at  Berger^  Missouri. 

Position. 


Date, 

1878. 

Position. 

Mark 
VV.  of  N. 

Mean  of 
position. 

0 

1       II 

// 

tpt.    i6 

I 

148 

10  27-17 

16 

I 

26 -66 

26 -91 

16 

II 

32  65 

16 

II 

27  ^H 

30-06 

16 

III 

2620 

16 

III 

25  80 

26 '00 

18 

IV 

26  21 

18 

IV 

24-18 

25-20 

18 

V 

31-66 

18 

v 

32-80 

32  -23 

18 

VI 

2897 

18 

VI 

30*76 

29-86 

19 

VII 

24  "43 

19 

VII 

2836 

26*40 

19 

VIII 

28-74 

19 

VIII 

26-72 

2773 

19 

IX 

29  09 

Date, 

i»78. 


n 


Sept. 


-0-53 


+2-62 


-I  "44 


•2*24 


•f4  79 


+2  42 


—  1-04 


+0-29 


Mean 

Diurnal  aberration 

Azimuth  of  Mark 

Angle  between  Mark  and  Winter 

Azimuth  of  Winter 


19 
19 
19 
20 
20 
20 
20 

21 
21 
21 
21 
21 
21 
25 
25 
25 
25 


Mark 
W.  of  N. 

c      /        /' 
148  10  27  "74 

24-02 


IX 
X 

X  26  37 

XI  2659 

XI  2867 

XII  27-63 

XII  25-69 

XIII  29-24 

XIII  25-29 

XIV  25-13 

XIV  2604 

XV  26  -98 
XV.  26  74 

XVI  2638 

XVI  28-53 

XVII  28  -89 
XVII  25-37 
o       /         //  // 

148  10  27  '44  ihO'3i 

—  0-32 

31  49  32-88  ±0-31 

7  22  32  -45 
39  12  05-33 


Mean  of 
position. 

II 
2S-41 

25-20 


+0-97 


2 '24 


27-63        +0-19 


26-66        —0-78 


27*27        —0*17 


25 '59        -1*85 


26-86 


-0-58 


27 '45        +0*01 


27-13        —0*31 
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(28)   JEFFERSON  CITY,   MISSOURI. 


9»  =  38°  33^7- 


X  =  92°  09^*8  West  of  Greenwich. 


/Jesuits  for  azimuth  from  observatiofis  of  Polaris  at  various  hour  angles, — The  35- 
centimetre  direction  theodolite  No.  10  was  mounted  over  the  triangulation  station  in 
Jefferson  City.  The  azimuth  mark  was  at  station  Cedar,  about  2*9  miles  distant  across 
the  Missouri  River.  Observer,  H.  W.  Blair;  computers,  A.  Christie  and  A.  Ziwet.  A 
single  result  for  azimuth  is  derived  from  a  set  of  observations  consisting  of  a  pointing  on 
the  mark,  pointings  on  the  star  and  on  its  image  reflected  from  mercury,  followed  by 
reversal  of  instrument  and  similar  pointings  on  image,  star,  and  mark.  Probable  error 
of  a  single  result  =  =t  i"'97. 

Summary  of  results  for  azimuth  atfefferson  City,  Missouri. 


rk«*.^        -D,,^;*;^-         Mark  Mean  of  . 

?8to'       ^*«*^°"-      K.ofN.       position.         ^ 


Nov. 


15 

15 

15 

15 

15 

15 

15 

15 
20 

20 

20 

20 

21 

21 

21 

21 

21 


I 

I 

II 

II 

III 

III 

IV 

IV 

v 
v 

VI 
VI 
VII 
VII 
VIII 
VIII 
IX 


o     / 


// 


/» 


19  55  3271 

3275 

3273 

34-82 

3478 

34-80 

31 '54 

3275 

32 -H 

36-88 

33-38 

35-13 

35-81 

35-84 

35  82 

39-58 

40-94 

40-26 

34  32 

34 -H 

34-23 

3875 

37-58 

38-16 

36-22 

-4-18 

—  2*11 

-4 '77 
-1-78 
-I  -og 

+3-35 
-2-68 
+  1-25 


Mean 

Diurnal  aberration 

Azimuth  of  Cedar 


Date,      PoaitioQ. 

1879. 

Nov.  21  IX 

21  X 

29  X 

29         XI 
29  XI 

29  XII 
29  XII 
29  XIII 
29  XIII 
29  XIV 
29  XIV 
Dec.     1  XV 

XV 
XVI 
XVI 
XVII 
XVII 

o      /  // 

19  55  36  -91  = 
+0-31 

199  55  37  "22 


Mark 
n.  of  N. 


Mean  of 
position. 


o    / 


// 


J9  55  39 -22 
35-83 

33 -59 

36-86 

35-04 

40  45 
4099 

39-41 

38-63 
35-45 
3581 

37-64 
39-07 

41-81 

41-56 

41  09 
39-66. 

ff 
=  0-47 


// 
37*72 

34*71 

35-95 

4072 

3902 

35-63 
38-36 
41-68 
40-38 


-1-0 -81 
— 2'ao 


•96 

■f3-8i 
4-2'ii 

-1-28 

+1-45 

+4*77 
+3-47 


(^  =  38°  25'-8. 


(29)   HUNTER,  MISSOURI. 

A  =  92°  46^*4  West  of  Greenwich. 


Results  for  azimuth  from  observations  of  Polaris  at  various  hour  angles, — ^The  35- 
centimetre  direction  theodolit<i  No.  10  was  mounted  over  the  triangulation  station. 
The  mark  was  at  North  Base,  7*6  kilometres  distant.  Observer,  F.  D.  Granger; 
computers,  A.  S.  Christie  and  A.  Ziwet.  A  single  result  for  azimuth  is  obtained  from 
a  set  of  observations  consisting  of  a  pointing  on  the  mark,  pointings  on  the  star,  and  its 
image  reflected  from  mercury,  then  reversal  of  instrument  and  similar  pointings  on 
star,  reflected  image  and  mark.     Probable  error  of  a  single  result  =  ±  i"*83. 
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Summary  0/ results /or  azimuth  at  Hunter,  Missouri, 

Position. 


Date, 
1880. 

Position. 

Mark 
W.  of  N. 

Mean  of 
position. 

0     /         n 

n 

Aug.    6 

I 

22  09  24  73 

6 

I 

24 '68 

24  70 

6 

II 

17-08 

6 

II 

19-96 

12 

II 

21-48 

12 

II 

21-25 

»9*94 

6 

III 

25 '34 

6 

III 

2575 

25-54 

7 

IV 

25*35 

7 

IV 

25  43 

25 '39 

7 

V 

29-86 

7 

V 

28-92 

29  39 

9 

VI 

24-11 

9 

VI 

23-12 

23-62 

9 

VII 

20  95 

9 

VII 

23  '25 

22- 10 

9 

VIII 

21  07 

9 

VIII 

22-39 

21-73 

Date, 

1880. 


// 


+o-6o 


Aug. 


-4-16 

+  1*44 
+  1  -29 

+5 '29 
-0-48 

—  2-O0 

-2-37 


Mean  by  positions 

Diurnal  aberration 

Azimuth  of  Mark 

Angle  between  Mark  and  Christian 

Azimuth  of  Christian 


9 

9 

II 

II 
II 
II 
II 
II 
II 
II 
12 
12 
12 
12 
12 
12 
12 
12 


IX 

IX 

X 

X 

XI 

XI 
XII 

XII 

XIII 

XIII 

XIV 

XIV 

XV 

XV 
XVI 
XVI 
XVII 
XVII 

o        / 
22   09 

63  57 
221  4S 


Mark 
W.  of  N. 

c     '        n 
22  09  22-83 

21  '92 

19-81 

22-73 

27-28 
26-05 

24 '94 
24-42 

24*18 
25-48 
21 -80 

2572 
22-32 

25 '17 

26-44 

23*04 

24*35 
26-13 


Mean  of 
position. 


n 
22-38 
21  -27 

26 -66 
24-68 

24-83 
23-76 

23-74 
24-74 
25*24 


// 
24*10 
-032 
36-22 
44-40 
20*62 


// 


-bo -36 
i=o*36 


—I  "72 

-2-83 
+2*56 
+0*58 
+o*73 

-o*34 
-0-36 
+0-64 
H-i  *14 


7.    MISSOURI-KANSAS   SERIES. 
(30)    ADAMS,    KANSAS. 


^  =  39®  02^-7. 


X  =  96°  04^^-4  West  of  Greenwich. 


Results  for  azimuth  from  observations  of  Polaris  at  various  hour  angles, — The  35- 
centimetre  direction  theodolite  No.  10  was  mounted  over  the  triangulation  station.  The 
azimuth  mark  was  at  Buffalo  Mound,  about  2  kilometres  distant.  Observer,  F.  D. 
Granger;  computer,  L.  A.  Bauer.  A  single  result  for  azimuth  is  derived  from  a  set  of 
observations  consisting  of  a  pointing  on  the  mark,  pointings  on  the  star,  and  its  image 
reflected  from  mercury,  then  reversal  of  the  instrument  and  similar  pointings  on  star, 
reflected  image  and  mark.     Probable  error  of  a  single  result  =  rt  o"*8o. 
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Summary  of  results /or  azimulh  ai  A  dams  ^  Kansas. 

Position. 


Date, 

Position. 

Mark 

Mean  of 

1888. 

W.of  N. 

position. 

0    /       /' 

ft 

ly   18 

I 

0  II  28*4 

18 

I 

27 '2 

27-8 

18 

H 

302 

18 

II 

26  0 

28-1 

19 

III 

28-8 

19 

III 

29*2 

22 

III 

28*2 

287 

19 

IV 

26-9 

19 

IV 

25-^ 

263 

19 

V 

28  0 

19 

V 

27  7 

27-8 

20 

VI 

303 

20 

VI 

283 

293 

20 

VII 

28-8 

20 

VII 

279 

284 

20 

VIII 

277 

20  ' 

VIII 

29*5 

28-6 

Date, 

1S88. 


Mark 
W.  of  N. 


Mean  of 
position. 


// 


-o'3 


CO 


+06 


-1-8 


-0-3 


+  1-2 


+0-3 


+05 


July  20 
20 
21 
21 
21 
21 

21 
21 
21 
21 
22 
22 
22 
22 
22 
22 
22 
22 


IX 
IX 

X 
X 
XI 

XI 

XII 

XII 

XIII 

XIII 

XIV 

XIV 

XV 

XV 

XVI 

XVI 

XVII 

XVII 

/ 


o 
o 


// 


Mean  by  positions 

Diurnal  aberration 

Azimuth  of  Mark 

Angle  between  Mark  and  Clark 

Azimuth  of  Clark 


o  II  28*06 

-o  -32 

179  48  32 -26 

191  57  39*67 
II  46  II  -93 


/      // 

II   28'I 
28 'O 

29*6 
28-2 

27*8 

27 '9 
26 '8 

27  o 

29*0 

25  8 

25 -8 

27*9 
29*4 
27*6 
28*8 

297 
28*6 

27  9 
// 

to -14 

t  0*14 


rt 


28*1 
28 '9 

27  9 
26 '9 
27-4 

269 

28  s 

29 '2 

a8'2 


O'O 

+0-8 

—  0*2 

—  I  "2 
-07 

—  I  "2 
+0-4 

+  I-I 
+0*1 


(31)    SAUNA  WEST  BASE.  KANSAS. 

(p  =z  38°  5 1  -^  •  I .  X=  97°  36^-2  West  of  Greenwich. 

/Jesuits /or  azimuth  from  observations  of  Polaris  at  various  hour  angles  near  Eastern 
Elongation, — The  30-centimetre  direction  theodolite  No.  118  was  mounted  over  the 
triangulation  station  at  the  west  end  of  the  Salina  Base.  The  mark  was  at  Salina  East 
Base,  distant  6*5  kilometres.  Observer,  P.  D.  Granger;  computer,  C.  H.  Kummell. 
A  single  result  for  azimuth  is  derived  from  a  set  of  observations  consisting  of  a  pointing 
on  the  mark,  pointings  on  the  star,  and  its  image  reflected  from  mercury,  then  reversal 
of  instrument  and  similar  pointings  on  star,  reflected  image  and  mark.  Probable  error 
of  a  single  result  =  iti"*o8. 

Summaty  of  results  for  azimuth  at  Salina  West  Basfy  Kansas. 


Date, 

1896. 

Position. 

Azimuth  of 
mark. 

Date. 

1S96. 

Position. 

Azimuth  of 
mark. 

•       1 

0     / 

// 

n 

0     1      It 

tf 

|Aug.  3 

I 

248  36 

20 '4 

+  2-6 

Aug.  4 

VII 

248  36  14  '4 

-3-4 

3 

I 

19-9 

+  2-1 

4 

VII 

16 -I 

-17 

3 

II 

20  3 

+2-5 

4 

VIII 

18 -8 

+  i'o 

3 

II 

19 '5 

+17 

6 

VIII 

16 -6 

—  1*2 

3 

III 

16 -8 

—  I  -o 

4 

IX 

16 '9 

-09 

3 

III 

17-5 

-0-3 

4 

IX 

14  9 

-29 

3 

iv; 

IS  7 

+09 

6 

IX 

191 

+  1-3 

3 

IV 

iRo 

+0'2 

6 

IX 

16 -8 

—  I'O 

5 

V 

17-2 

-0-6 

4 

X 

15  9 

-1-9 

3 

V 

187 

4-0-9 

4 

X 

17-6 

—0-2 

4 

VI 

18 -5 

+07 

4 

XI 

15 '9 

-19 

4 

VI 

18  0 

-fO"2 

6 
c 

•      /       // 

19-8 

+2*0 

Indiscriminate  mean  248  36  17*76  diO*22. 

Diurnal  aberration  -jo  '32. 

Azimuth  of  Salina  East  Base        248  36  18  "08. 
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8.    KANSAS-COLORADO  SERIES. 
(32)    RUSSELL  SOUTHEAST,    KANSAS. 

<p  =  38°  5 1 ''4.  A.  =  98°  47 '''2  West  of  Greenwich. 

Results  for  azimuth  from  observations  of  Polaris  at  various  hour  angles  not  far  from 

Eastern  Elongation, — The  35 -centimetre  direction  theodolite  No.  10  was  mounted  over 

the  triangulation  station.     The  mark  was  at  Russell  Northwest,  about  3*3  miles  distant. 

Observers,  F.  D.  Granger  and  H.  L.  Stidham:  computer,  D.  L.  Hazard.    A  single  result 

for  azimuth  is  derived  from  a  set  of  observations  consisting  of  a  pointing  on  the  mark, 

pointings  on  the  star,  and  its  image  reflected  from  mercury,  reversal  of  instrument, 

followed  by  pointings  on  star,  image,   and  mark.     Probable  error  of  a  single  result 

=  dco"-89. 

Summary  0/ results /or  azitnuth  at  Russell  Southeast  ^  Kansas. 


Date. 
1893. 

Position.      ^^\ 

Mean  of 
position.        ^ 

Date, 
1893. 

Position. 

Mark 
W.of  N. 

Mean  of 
p<»ition. 

A 

0    '       1'              It                1'  . 

0    /        " 

I* 

// 

:t.       2 

I            39  16  61  '09 

Oct.      4 

IX 

39  16  60  75 

60-4S 

-0-15 

7 

I                      58-22 

5966      -0-97 

X 

61-81 

2 

II                     60-50 

X 

5908 

60-44 

-0-19 

7 

II                     60 '06 

60-28      -0-35 

XI 

5958 

3 

III                    6063 

XI 

5990 

5974 

-0-S9 

3 

III                    62-30 

61-46      +0-83 

5 

XII 

59" 

3 

IV                     61 -i6 

5 

XII 

60-54 

59 '82 

-o-8i 

3 

IV                      5917 

60 -16      -0-47 

5 

XIII 

58-70 

3 

V                      62-63 

6 

XIII 

62-62 

60 -66 

-fo-03 

3 

V                      62-88 

62-76      +2-13 

6 

XIV 

60-19 

3 

VI                 5843 

6 

XIV 

61-10 

60-64 

4-0-01 

3 

VI               5936 

58-90      -173 

6 

XV 

^•37 

3 

VII                      61-26 

6 

XV 

59 '57 

59 '97 

-  0-66 

4 

VII                     6x  -61 

61-44      +0-81 

6 

XVI 

6265 

4 

VIII                    61  -08 

6 

XVI 

6308 

62-% 

+  2 '23 

4 

VIII                    60-51 

60 -So      +0-17 

8 

XVII 

61-54 

4 

IX>                     60 -21 

8 

XVII 

59*79 

60 -66 

+0-03 

0     / 

//             / 

r 

Mean,  Mark  West  of  North 

39  16  60*63  dro- 

15 

Diurnal  aberration 

-032 

Azimuth  of  R 

.ussell  Northwest 

140  42 

59-69  -+-0' 

15 

(33)    OVERLAND,    COLORADO. 

q)  =  39O  o2^'3.  \  103°  09^-8  West  of  Greenwich. 

Results  for  azimuth  from  observations  of  6  Ursce  Minoris  at  Upper  Culmination^  5/ 
Cephei  at  Lower  Culmination  and  \  Ursa  Minoris  at  Upper  Culminatid^i. — Meridian 
telescope  No.  9  was  mounted  on  a  woodeij  pier  4*44  metres  north  of  the  triangulation 
station  and  exactly  in  line  with  the  azimuth  mark,  which  was  about  a  mile  distant. 
The  angle  between  mark  and  star  at  culmination  was  measured  by  means  of  the  eye- 
piece micrometer.  Observer,  O.  H.  Tittmann;  computer,  L.  A.  Bauer.  A  single  result 
for  azimuth  is  derived  from  a  set  of  observations  consisting  generally  of  20  readings  of 
the  mark,  with  reversal  of  the  telescope  in  the  middle,  followed  by  1 1  readings  of  the 
star.  In  observing  A.  Ursae  Minoris  the  telescope  was  reversed  also  during  the  star 
observations  and  the  mark  readings  were  repeated  at  the  close  of  the  set.  Probable 
error  of  a  single  result  =  ±  i"*26. 
18732— No.  4 49 
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Siifnniary  of  results  for  azhnuih  at  Overland  ^  Colorado. 


Date. 

iSSi. 

Star. 

Phase. 

Mark 
W.  of  N. 

•    A 

Date, 
1881. 

Star. 

Phase. 

Mark 
w  of  N. 

A 

•pt.     l.s  1 

I  Urs.  Min. 

r.  C. 

567 

99 

+0-44 

Sept. 

19 

a  Urs.  Min. 

U.  C. 

598 

+0-75 

>5 

51  Cephei 

L.  C. 

RI7 

+2  "94 

19 

51  Cephei 

L.  C 

6-69 

+  1  46 

'6; 

I  Urs.  Mill. 

U.  C. 

»-83 

-3*40 

21 

I  Urs.  Mill. 

U.  C. 

3  17 

-206 

16  ! 

51  Cephei 

L.  C. 

367 

-1-56 

21 

51  Cephei 

L.  C. 

4  97 

-0  26 

16  1 

A  Urs.  Min. 

I'.  C. 
Mean 

^•38 

+  i'i:. 

21 

A  Urs.  Min. 

Of// 

5-23 

U  C. 

// 
0-40 

5-78 

+055 

Diurnal  aberration 

-032 

Azimuth  of  Mark 

179  59  55*09 

-^ 

0-40 

Angle  between  Mark 

anil  Kureka 

104  10  37  -64 

Azimuth  of  Eureka 

284  10  32  73 

(34)    KI*   PASO   E.\ST   BASE,    COI/)RADO. 

<p  =  38°  57' *3.  A  ^104°  27^'* 2  West  of  Greenwich. 

Results  for  azimuth  from  observations  of  X  Ursce  Minoris  and  a  Ursce  Minoris  at 
Upper  Culmination  and  6  Ursa  Minoris  at  Lower  Culminatioyi. — Meridian  telescope 
No.  3  was  mounted  4*76  metres  south  of  the  East  end  of  the  El  Paso  Base  Line  in  the 
prolongation  of  the  line  to  the  mark.  The  azimuth  mark  was  about  3  miles  distant. 
Observer,  O.  H.  Tittmann;  computers,  A.  S.  Christie  and  J.  G.  Porter.  The  angle 
between  mark  and  star  was  measured  by  means  of  the  eyepiece  micrometer.  A  single 
result  for  azimuth  is  derived  from  a  set  of  observations  consisting  of  10  readings  of  the 
mark,  10  bisections  of  the  star  taken  at  equal  inter\^als  of  time,  reversal  of  telescope,  10 
more  bisections  of  star,  and  10  more  readings  of  mark.  Probable  error  of  a  single  result 
at  Upper  Culmination  —  rbo"'83.  On  account  of  the  small  number  of  observations  the 
single  result  for  Lower  Culmination  is  retained,  but  is  given  less  weight. 

Sutnmary  of  results  for  azhnuth  at  El  Paso  East  Base^  Colorado, 


Date, 

1879. 


Star. 


<)ct.      5  I  A  Urs.  Min. 

6  I  A  Urs.  Min. 

8  I  «  Urs.  Min. 

10  '  o  I'rs.  Min. 

11  a  Urs.  Min. 
13  I  a  Ur».  Min. 
16  I  a  Urs.  Min. 


Phaii<r. 

U.  C. 
U.  C. 
L.  C. 
U.  C. 
U.  C. 
U.  C. 
U.  C. 


Mark 

K.  of  N. 

n 

2  84 

4 'SI 
9  76 

220 

0-53 
1-65 

»75 


Weighted  mean 

Diurnal  aberration 

Azimuth  of  Mark 

Angle  between  Mark  and  El  Paso  West  Base 

Azimuth  of  El  Paso  West  Base 


II 
+0  23 

+170 

+7  15    w=>^ 

— 0*41 

-208 

~o  96 

-o  S6 

o        /  //  // 

2  '61    d:0'59 
4-0-32 

180  00  02 '93  d=o*59 
2S2  48  01  '48 
102  48  04  *4i 
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9.    ROCKY    MOUNTAIN   SERIES, 


(35)    PIKES  PEAK,    COI^ORADO. 


^  =  38«  50^-4. 


X  =  105°  oi-^'y  West  of  Greenwich. 


Resiilis  for  azimuth  from  observaitmis  of  Polaris  at  various  hour  angles, — The  50- 
centimetre  direction  theodolite  No.  5  was  mounted  2  jV  inches  south  of  the  triangulation 
station.  The  mark  was  at  Mount  Rosa,  1272  kilometres  distant.  Observer,  R.  L. 
Paris ;  computer,  D.  L.  Hazard.  A  single  result  for  azimuth  is  derived  from  a  set  of 
observations  consisting  of  2  pointings  on  the  mark,  2  pointings  on  the  star,  reversal  of 
instrument,  2  pointings  on  the  star,  2  pointings  on  the  mark.  Probable  error  of  a  single 
result  —  :to"'9i. 

Summary  of  results  for  azimuth  at  Pikes  Peak,  Colorado. 
Hour  angle  of  star  7^  to  lo**.  Hour  angle  of  star  14^  to  l^^, 


Date, 

1895- 

Position. 

Mark 
E.  of  N. 

• 

Date 

1895 

» 

Position. 

Mark 
E.  of  F. 

A 

0     /       '' 

II 

« 

0     '       " 

tt 

let.      I 

I 

>38  53  37  20 

-2-lS 

Oct. 

6 

V 

»3«  53  39  04 

0-34 

4 

III 

39-84 

+046 

6 

VI 

37 '4  > 

-I  97 

4 

IV 

42  19 

+  2 -81 

6 

VII 

39 '^2 

!-o  44 

6 

IX 

39  y 

-007 

(^ 

VIII 

39  90 

rO-52 

6 

X 

ZT15 

1 63 

s 

XV 

39-82 

t-0'44 

6 

XI 

38  ^ji 

-  o^s 

;• 

XVI 

39  43 

roo5 

XII 

38  06 

132 

S 

XVII 

39  la 

026 

7 

XIII 

40*16 

+  078 

S 

I 

4075 

+  1-37 

7 
8 

XIV 

II 

f43  39l  Rejected 
3871          -067 

Mean 

n^  53  39 '4 1 

8 

IV 
Mean 

4177 
«3S  53  39  3^^ 

f2-39 

* 

// 


// 


Mean  of  groups 

Diurnal  aberration 

Reduction  to  center  of  station 

Azimuth  of  Mark 

Angle  between  Mark  and  Mount  Ouray 

Azimuth  of  Mount  Ouray 


I3«  5;>  39  •3«'^    '  <>'22 

-  032 

+0-64 
318  53  40-34   zno'22 

107  II  36-41 

66  05  16  -75 


(36)    MOUNT   OURAY,  COI,ORADO. 


<p=38°  25^-3. 


A  =  106°  13^-6  West  of  Greenwich. 


Results  for  azimuth  from  observations  of  Polaris  at  various  hour  angles. — The  50- 
centimetre  direction  theodolite  No.  5  was  mounted  over  the  triangulation  station.  The 
azimuth  mark  was  about  5  miles  distant.  Observer,  W.  Eimbeck;  computer,  D.  L. 
Hazard.  A  single  result  for  azimuth  is  derived  from  a  set  of  observations  consisting  of 
2  pointings  on  the  mark,  2  pointings  on  the  star,  reversal  of  instrument,  2  pointings  on 
the  star,  2  pointings  on  the  mark.  Probable  error  of  a  single  result  =  dco"'6i  for  star 
near  Upper  Culmination  and  :i:o"'58  near  Lower  Culmination. 
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Summary  of  results  for  azimuih  at  Mount  Ouray  ^  Colorado, 


Near  Upper  Culmination. 


Near  Lower  Culmination. 


Date, 

1894. 

Position. 

Mark 

W.  of  N. 

A 

Date. 

1894. 

Position. 

Marie 
W.  of  N. 

A 

0      /          n 

n 

0 

/     // 

•1 

July  25 

XIV 

178   12    [47-831 

Rejected 

July 

25 

VI 

178 

12  48-63 

-1-95 

25 

XV 

53*19 

+2 -61 

26 

XI 

4849 

-2  09 

25 

XVI 

52  90 

+2  32 

27 

I 

49  "33 

-1-25 

36 

xn 

52   15 

+  1-57 

27 

II 

51  02 

+044 

36 

XIII 

50  "9« 

+033 

27 

VI 

48-60 

-1'9H 

26 

XVII 

52*37 

+  i'79 

27 

VII 

49  20 

-1-38 

27 

III 

5064 

+006 

28 

VIII 

49  "67 

--o'9i 

27 

IV 

52  50 

+  192 

28 

IX 

48-31 

-2-27 

27 

V 
Mean 

51  85 

+1*27 

28 

X 

Mean 

48-58 

-2-0O 

178  12    52*06 

178 

12  49  09 

0       / 

// 

// 

Mean  of 

groups 

178    12 

50 

•58 

-+-0'29 

Diurnal  aberration 

- 

-0 

•32 

Azimuth  of  Mark 

»  47 

09 

74 

-»-  0  "29 

Angle  between  Mark  and  Uncompahgre    68  48  41  '61 
Azimuth  of  Uncompahgre  70  35  51  "35 

(37)    GUNNISON,  COI«ORADO. 

q}  ==  38°  32' '7.  A  =  106**  55' '5  West  of  Greenwich. 

/Jesuits  /or  azimuth  from  observations  of  Polaris  at  various  hour  angles. — ^The  50- 
centimetre  direction  theodolite  No.  5  was  mounted  over  the  triangulation  station. 
The  mark  was  about  2  miles  distant.  Observer,  John  Nelson ;  computer,  D.  L.  Hazard. 
A  single  result  is  derived  from  a  set  of  observations  consisting  of  2  pointings  on  the 
mark,  2  pointings  on  the  star,  reversal  of  instrument,  2  pointings  on  the  star,  2  point- 
ings on  the  mark.     Probable  error  of  a  single  result  =  ±:o"'87. 

Summary  0/ results  for  azimuth  at  Gunnison ^  Colorado. 


Date. 

1893- 


Hour  angle  of  star  6»^  to  &\' 
Position. 


Hour  angle  of  star  15"  to  I7h. 


Mark 
K.  of  N. 


Dale. 

1S9:. 


// 


Oct. 


4 
4 
5 
5 
5 
5 
6 
6 
6 


I 

II 
VI 
VII 

vin 

IX 

XIV 
XV 

XVI 

Mean 


1474506-55  +1-54 

[01  -73]  Rejectecl 


03  82 
06-27 

04  50 

03  "54 

05  19 
05  26 

04-63 
147  45  04  -97 


-1-19 
+  1  26 
-0-51 

-1-47 

•fo-i8 

+0-25 
-038 


Oct.      5 

3 

5 
6 

6 

6 

6 

7 
7 
I 
7 


I'osition. 


Ill 


X 

XI 

XII 

XIII 

XVII 

XVII I 

XIX 

XI 

Mean 
o        / 


Mark 

E.  of  N. 


tt 


147  45  02  85 
03*10 

05  87 

06  95 


-p-i6 

-1-91 

+0-86 

+  194 


[09 '91]  Rejected 

05  39  +-0  -38 

05  85  +0  -84 

05  -95  +0  -94 
0352  -1-49 
04  '32  -o  69 

06  "70  -♦-I"69 


147  45  05  05 


Mean  of  groups 

Diurnal  aberration 

Azimuth  of  Mark 

Angle  between  Mark  and  Uncompahgre 

Azimuth  of  Uncompahgre 


147  45  05  01 
4-0-32 

327  45  05  '33 
74  09  54  '99 
41  55  00-32 


dr0*20 


0'20 
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(38)   TREASURY   MOUNTAIN,  COI<ORADO. 


tp  =  39<>   OC/'S, 


X  =  107®  od^'o  West  of  Greenwich. 


Results  for  azimuth  from  observations  of  Polaris  at  various  hour  angles, — The  50- 
centinietre  direction  theodolite  No.  5  was  mounted  over  the  triangulation  station.  The 
azimuth  mark  was  17  miles  distant.  Observer,  W.  Eimbeck;  computer,  D.  L.  Hazard. 
A  single  result  for  azimuth  is  derived  from  a  set  of  observations  consisting  of  2  pointings 
on  the  mark,  2  pointings  on  the  star,  reversal  oT  instrument,  2  pointings  on  the  star,  2 
pointings  on  the  mark.     Probable  error  of  a  single  result  =  it  o"'59. 

Sufn^nary  of  results  for  azimuth  at  Treasury  Mountain^  Colorado, 


Hour  angle  of  star  \^  to  lyh. 


Hour  angle  of  star  5*»  to  yh. 


Date, 

1893. 

Position. 

Mark 

W.  of  N. 

A 

Date, 

1893- 

Position. 

Mark 
W.  of  N. 

A 

0    1       ti 

n 

0 

/         u 

/» 

Sept  ai 

I 

58  55  02  59 

+0-23 

Sept.  21 

IV 

58  55  02  -85 

+0-49 

31 

II 

03  13 

+077 

21 

V 

02 '22 

-0-14 

21 

III 

01  -70 

-0-66 

21 

VI 

03*03 

+0-67 

22 

VII 

02  96 

+060 

22 

X 

01  '42 

-0-94 

22 

VIII 

03  23 

+0-87 

22 

XI 

01-99 

-0-37 

22 

IX 

02*40 

+004 

22 

XII 

02 -So 

+0-44 

23 

XIII 

03-01 

+065 

23 

XVI 

01-84 

-0-52 

23 

XIV 

0071 

-1-65 

23 

XVII 

02-50 

+0-14 

23 

XV 

01 '60 

--0*76 

23 

XVIII 

01  -72 

— 0-64 

24 

XIX 

02  30 

— o'o6 

24 

XXII 

01 -oi 

-1-35 

34 

XX 

04  29 

+  »-93 

24 

XXIII 

01 '22 

-I -14 

24 

XXI 

Mean 

03  91 

+  »'55 

24 

XIX 

Mean 

58 

02*23 

-0-13 

5S  55  02  65 

55  02  07 

0     / 

n 

ff 

• 

Mean  of 

groups 

58  55  02 

•36 

ibO'I2 

Diurnal  aberration 

—0 

•32 

Azimuth  of  Mark 

121  04  57 

•96 

d=  0'12 

Angle  between  Mount  Waas  and  Mark 

46  19  53  '32 

Azimuth  of  Mount  Waas 

74  45  04  -64 

(39)  UNCOMPAHGRK,  COLORADO. 


q,  =  38<>  04^-3. 


A  =  107®  27' -8  West  of  Greenwich. 


Results  for  azimuth  from  observations  of  Polaris  at  various  hour  angles, — The 
50-centimetre  direction  theodolite  No.  5  was  mounted  over  the  triangulation  station. 
The  azimuth  mark  was  28  miles  distant.  Observer,  W.  Eimbeck;  computer,  D.  L. 
Hazard.  A  single  result  for  azimuth  is  derived  from  a  set  of  observations  consisting  of 
2  pointings  on  the  mark,  2  pointings  on  the  star,  reversal  of  instrument,  2  pointings  on 
the  star,  2  pointings  on  the  mark.     Probable  error  of  a  single  result  =  it  o"77. 
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Summary  of  results  for  azimuth  at  Uncompahgre,  Colorado. 


Hour  angle  of  star  5>>  to  8^. 


Hour  angle  of  star  it^  to  i6t*. 


Date. 
1S95. 

Position. 

Mark 

W.  of  N. 

A 

Date 

1895 

♦ 
• 

Position. 

Mark 
W.of  N. 

t  » 

0     t     t' 

n 

0      /      " 

// 

Pt.     3 

XI 

»Q5  50  59  56 

— 067 

Sept. 

IV 

105  50  61  -55 

+  1*32 

3 

XII 

5892 

-I'll 

VII 

60-20 

-003 

4 

XVII 

59  74 

-049 

4 

XIII 

5856 

-1-67 

4 

I 

59 '42 

— o'8i 

XIV 

60-94 

+0-71 

4 

II 

61  39 

■I-116 

4  i 

XV 

60 'lo 

-0-13 

5 

VI 

62  25 

4-2  02 

III 

61  54 

+  i-3r 

5 

VIII 

59  44 

-079 

5 

IV 

61  "27 

+  104 

5 

IX 

58-16 

-2-07 

5 

V 

61-09 

-f-o-86 

6 

XIII 

59-66 

-0-57 

6 

X 

J 

5975 

-048 

Mean 

6 

XVI 

Mean 

f 

61-23 

+  1-00 

105  50  59  84 

105  50  60  62 

0 

/         ff              ft 

Mes 

in  of  groups 

105  50  60  23    ±:  0 

•18 

Diurnal  aberration 

-0-32 

Azimuth  of  Mark 

74  09  00  '09   d=  0 

•18 

Ang 

[le  between  Mark  and  Treasury 

Mountain 

122 

33  55  75 

Azimuth  of  Treasury  Mountain 

J 

[96  42  55  -84 

(40)    GRAND  JUNCTION,  COLORADO. 


(^  =  390  04' -O. 


X  =  108®  33^*9  West  of  Greenwich. 


Results  for  azimuth  from  observations  of  Polaris  at  various  hour  angles. — The  50 
centimetre  direction  theodolite  No.  5  was  mounted  over  the  triangulation  station.  The 
mark  was  at  Chiquita,  19  6  kilometres  distant.  Observer,  John  Nelson;  computer, 
D.  L.  Hazard.  A  single  result  for  azimuth  is  derived  from  a  set  of  observations  con- 
sisting of  2  pointings  on  the  mark,  2  pointings  on  the  star,  reversal  of  instrument, 
2  pointings  on  the  star,  2  pointings  on  the  mark.  Probable  error  of  a  single  result 
=  dr  i"-83. 

Summary  0/ results  for  azimuth  at  Grand  Junction  ^  Colorado. 


Hour  angle  of  star  8»»  to  ii"*. 


Hour  angle  of  star  2i>>  to  24^. 


Date, 

1895. 

Position. 

Mark 
W.  of  N. 

A 

Date. 

1895. 

Position. 

Mark 
W.  of  N. 

A 

0 

t       $t 

// 

0 

/ 

n 

n 

June  4 

II 

156 

02  3535 

-0-94 

June  3 

I 

156 

oa 

33-96 

-2*33 

4 

III 

34  59 

-1-70 

4 

IV 

3866 

+2*37 

5 

IV 

3^  25 

—0-04 

5 

VI 

1 

3»"94 

-4-35 

5 

V 

43  40 

+  7"" 

5 

viu 

36-93 

+0-64 

6 

VIII 

34*39 

-1-90 

6 

X 

38-28 

+  1-99 

6 

IX 

Mean 

37  •»6 

+0-87 

6 

7 
7 

XI 

I 
'       n 

35  SO 
3675 

34-8- 

-079 

156 

02  36  -86 

+046 
-1-42 

Mean 

»56 

02 

35-86 

Mean  of  all 
Diurnal  aberration 
Azimuth  of  Chiquita 


o         /  ^  // 

156  02  36*29  rfco-49 

— o  32 
23  57  2403  ±0-49 
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(41)  TAVAPUTS,  COLORADO. 

q}  =  39O  32^*3.  \  —  109°  oo'*4  West  of  Greenwich. 

Results  for  azimuth  from  observations  of  Polaris  at  various  hour  angles, — The  50- 
centimetre  direction  theodolite  No.  5  was  mounted  over  the  triang^lation  station.  The 
mark  was  about  3  miles  distant.  Observer,  W.  Eimbeck;  computer,  D.  L.  Hazard.  A 
single  result  for  azimuth  is  derived  from  a  set  of  observations  consisting  of  2  pointings 
on  the  mark,  2  pointings  on  the  star,  reversal  of  instrument  and  similar  pointings  on 
star  and  mark.     Probable  error  of  a  single  result  =  d=o"*84. 

Summary  of  results  for  azimuth  at  Tai'aputs^  Colorado. 


Date, 
1891. 


Oct. 


13 
13 
12 

13 
13 
13 
14 
M 
14 
16 
16 
16 
16 


Near  Caatem  Blongation. 
Position. 


Mark 
E.of  N. 


Date. 

1891. 


Near  Western  Elongation. 
Position. 


I 

II 

lU 

VI 

VII 
VIII 

XII 
XIII 
XIV 
XXI 
XXII 
XXIII 

I 

Mean 


o  /  n 
31  39  o8'ii 
09*02 
10 '13 
08  52 
08-70 
09-29 

II '21 
10 '01 

09 '94 
10 '02 

0938 
"•32 
10-82 


n 

-I '79 
-0-88 
+0-22 

-1-38 
—  I -20 
-o-6i 

+  i'3i 

+0-1 1 

+004 

+0-I2 
-0'52 

+  1*42 

+0-92 


Oct. 


12 
12 

13 
13 
13 

M 
14 
14 
15 
15 

15 
16 
16 
16 


21  39  09  "73 


Mean  of  groups 

Diurnal  aberration 

Azimuth  of  Mark 

Angle  between  Patmos  Head  and  Mark 

Azimuth  of  Patmos  Head 


Mark 
K.  of  N. 


IV 

V 

IX 

X 

XI 

XV 

XVI 

XVII 
XVIII 

XIX 

XX 

VI 

XV 

VIII 

Mean 


o      '  '/ 

21  39  11-72 
12-00 
11-06 
08-96 

0977 
12-41 

10  93 
09-68 

07-76 

10-55 
08-41 
09-00 
08-36 
10*41 

21  39  10 '07 


o      /         //  // 

21  39  09*90  =i=o*i6 

-1-0-32 

201  39  10 '22  d=o*i6 
113  21  29*64 
88  17  40*58 


/» 
+1-82 
+2-10 

+  I-I6 
-0-94 
—0-13 
+2-51 
+  i'03 
—  0-22 
—2-14 
+0  -65 
-1-49 
—0-90 
-I '54 
+0-51 


(42)    MOUNT  WAAS,    UTAH. 

<p  =  38°  32^*5.  A  =  109°  13^7  West  of  Greenwich. 

Results  for  azimuth  from  observations  of  Polaris  at  various  hour  angles, — The  50- 
centimetre  direction  theodolite  No.  5  was  mounted  over  the  triangulation  station.  The 
azimuth  mark  was  about  7*1  miles  distant.  Observers,  W.  Eimbeck  and  J.  Nelson; 
computer,  D.  L.  Hazard.  A  single  result  for  azimuth  is  derived  from  a  set  of  observa- 
tions consisting  of  2  pointings  on  the  mark,  2  pointings  on  the  star,  reversal  of  instru- 
ment, 2  pointings  on  the  star,  2  pointings  on  the  mark.  Probable  error  of  a  single 
result  =  =fco"*9o. 
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Summary  of  results  for  azimuth  at  Mount  IVaas,  Utah. 


Near  Upi>er  Culmination. 


Date, 

»893- 

Position. 

Mark 
W.  of  N. 

A 

Date, 

1893- 

0 

#        // 

// 

Aug.  I 

I 

165 

49  15  98 

-1*65 

Aug.  4 

I 

II 

19-60 

^y^i 

4 

2 

III 

16*92 

—071 

6 

2 

IV 

16  84 

-o*79 

6 

2 

V 

16*41 

—  I  -22 

3 

VI 

16*92 

-071 

3 

VII 

17  "23 

-040 

3 

VIII 

16  2,2 

-I '31 

3 

IX 

16-91 

—0*72 

3 

X 

19-36 

+173 

4 

XII 

16-23 

- 1*40 

4 

XIII 

17  "43 

-0*20 

Mean 

165 

49  17  18 

Near  Lower  Culmination. 
Position. 


Mark 
W.  of  N. 


XI 

XVIII 
XIV 
XV 

Mean 


165  49  16 '81 
18*52 
18*83 
19*04 

165  49  18*30 


n 
-0*82 
+0  89 
+  1*20 

+  1*41 


A 


// 


Mean  of  groups  giving  weights  3  and  2,  165  49  17  '63  =bo  *20 
Diurnal  aberration  — o  '32 

Azimuth  of  Mark  14  10  42-69  dt:0*2o 

Angle  between  Mark  and  Mount  Ellen      57  49  33  "98 
Azimuth  of  Mount  Ellen  72  00  16  '67 

(43)    PATMOS   HEAD,    UTAH. 

q}  =  39°  29^  "9.  A  =  110°  i9^'o  West  of  Greenwich. 

Results  for  azimuth  from  observations  of  Polaris  at  various  hour  angles. — The  50- 
centimetre  direction  theodolite  No.  5  was  mounted  over  the  triangulation  station.  The 
azimuth  mark  was  about  a  mile  distant.  Observer,  W.  Eimbeck;  computer,  D.  L. 
Hazard.  A  single  result  for  azimuth  is  derived  from  a  set  of  observations  consisting  of 
2  pointings  on  the  mark,  2  pointings  on  the  star,  reversal  of  instrument,  2  pointings  on 
the  star,  2  pointings  on  the  mark.     Probable  error  of  a  single  result  =  i:  o"*7i. 

Summary  of  results  for  azimuth  at  Paimos  Head,  Utah. 


Before  I«ower  Culmination. 


After  I«ower  Culmination. 


Date. 

1890. 

Position. 

Mark  of 
W.  of  N. 

/j. 

Date, 

1890. 

Pasition. 

Mark 
W.  of  N. 

A 

0    /      '/ 

0 

/       // 

*t.      15 

XII 

IX  14  2877 

+0-25 

Oct. 

16 

1 

XIII 

II  1 

[4  28-27 

-0-25 

16 

I 

26  85 

-1-67 

16 

1 

1 

XIV 

30-06 

+  1-54 

16 

II 

30-21 

+  1-69 

»7 

V 

as -38 

-014 

16 

III 

28 -88 

+0-36 

17 

VI 

2936 

+0-84 

16 

IV 

28  94 

+0-42 

18 

i 

1 

IX 

27  "44 

—1  -68 

17 

XXII 

27  -85 

-0-67 

18 

1 

X 

29  07 

+055 

17 

XXIII 

30  5 « 

+  1-99 

18 

1 

XI 

27  23 

-129 

17 

VII 

28  27 

025 

18 

XV 

29 '54 

+  i-oa 

17 

VIII 

27-87 

-0-65 

19 

1 

XX 

2812 

-o'40 

iS 

XVI 

27-81 

-0-71 

30 

1 

I 

26  73 

-1-79 

18 

XVII 

27-79 

-0-73 

20 

XII 

2973 

+  1-21 

18 

XVIII 

28-44 

-008 

20 

i 

X 

27-86 

-0-66 

18 
19 

XIX 
XXI 

29-97 

27  44 

+  l"45 
-I'oS 

Mean 

II 

14  28-49 

Mean 

II  14  28-54 

0 

/ 

// 

ff 

Mean  of 

groups 

II 

14  28 

•52 

dbO-I4 

Diurnal  aberration 

-  0 

•32 

Azimuth  of  Mark 

168 

45  3« 

•80 

-»-o*i4 

Angle  between  Wasatch  and  Mark 

102 

04  13 

•12 

Azimuth  of  Wasatch 

66 

41  18 '68 
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(44)    MOUNT  ELLEN,  UTAH. 

(p  =  38®  07'' -4.  A.  =  iio''  48^*9  West  of  Greenwich. 

Results  for  azimuth  from  observations  of  Polaris  at  various  hour  angles. — The  50- 
centimetre  direction  theodolite  No.  5  was  mounted  over  the  triangulation  station.  The 
mark  was  about  2  miles  distant.  Observer,  W.  Eimbeck;  computer,  D.  L.  Hazard. 
A  single  result  for  azimuth  is  derived  from  a  set  of  observations  consi.sting  of  2  pointings 
on  the  mark,  2  pointings  on  the  star,  reversal  of  instrument,  2  pointings  on  the  star,  2 
pointings  on  the  mark.     Probable  error  of  a  single  result  =  dz  o"'64. 

Sutntnary  of  results  for  azimuth  at  Mount  Ellen  ^  Utah, 


Date, 

1891. 

Position. 

Mark 
E.  of  N. 

Date, 
1891. 

Po«tiou.           ^^^^ 

A 

0      /        " 

// 

0 

/     // 

n 

Aug.  18 

XII 

162  18  07-34 

+  i'35 

Aug. 

33 

VII            16a 

18  06 '11 

+0"33 

18 

XIII 

05  "35 

-054 

n 

VIII 

06 -74 

+0-85 

18 

XIV 

05-87 

— 0*03 

23 

IX 

06-67 

+0-78 

18 

XV 

05-60 

—0-39 

23 

X 

03-61 

-2-28 

19 

XVI 

06 '31 

+0-33 

23 

XI 

05-02 

-0-87 

>9 

XVII 

05  24 

-0-65 

23 

XII 

06  85 

+0-96 

19 

XVIII 

06-33 

+0-43 

23 

XX 

05*91 

+0'03 

19 

XIX 

05-83 

-0-07 

24 

\^II 

06  58 

+069 

20 

III 

05  "35 

-0*54 

24 

XXI 

05-36 

-063 

20 

IV 

05-11 

-078 

24 

XXII 

04-99 

—0-90 

30 

V 

06-41 

+  0-53 

24 

XXIII 

04-17 

-1-72 

31 

II 

08-17 

+  3-38 

25 

XIX 

05-61 

-0-28 

32 

I 

07  39 

+  I-50 

25 

XX 

0570 

— o'i9 

33 

VI 

05  65 

—0-34 

25 

II 
0       /        // 

06-04 

+0-15 

Mean  of  all 

162  18  05  '89 

-1-0 '12 

Diurnal  aberration 

+0-32 

Azimuth  of  Mark 

342    18  06 -21 

zbO-I2 

Angle  between  Patmos  Head  and  Mark 

146  42  oS'6o 

Azimuth  of  Patmos  Head 

195  35  57  -61 
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<p=39°  06' 9. 


(45)    WASATCH,  UTAH. 

X  =  111°  27'- 2  West  of  Greenwich. 


Results  for  azimuth  from  observations  of  Polaris  at  various  hour  angles, — The  50- 
centimetre  direction  theodolite  No.  5  was  mounted  over  the  triangulation  station.  The 
azimuth  mark  was  at  Baldy  Peak,  about  4  miles  distant.  Observer,  W.  Eimbeck;  com- 
puter, D.  L.  Hazard.  A  single  result  for  azimuth  is  derived  from  a  set  of  observations 
consisting  of  2  pointings  on  the  mark,  2  pointings  on  the  star,  reversal  of  instrument,  2 
pointings  on  the  star^  2  pointings  on  the  mark.     Probable  error  of  a  single  result 


o"-55. 

' 

Summary  of  results  for  azimuth  at  Wasatch^  Utah, 

Hour  angU 

P  3^  to  5''. 

Hour  angU 

£  I3*»  to  IS**. 

Date, 

1890. 

Position. 

Mark 
W.  of  K. 

A 

Date. 

1890. 

Position. 

Mark 
W.of  N. 

A 

0      t       n 

// 

0    '       " 

tt 

Aug     30 

IV 

75  31  19  84 

+0-83 

Aug.     ao 

I 

75  21  19  "85 

+084 

20 

V 

17   31 

-180 

30 

II 

ao-60 

+159 

ao 

VI 

19  39 

+028 

30 

III 

18 -68 

-033 

ao 

VII 

19  05 

+004 

3a 

VIII 

18-78 

-0-33 

12 

X 

19  03 

-f-0  03 

33 

IX 

1897 

-0-04 

32 

XI 

1977 

+076 

23 

XIV 

30 '43 

4-1-42 

33 

XII 

18-78 

-0-23 

23 

XV 

19*60 

+059 

33 

XIII 

18  03 

-0-99 

23 

XVI 

17*63 

-I '39 

23 

XVIII 

18  64 

-037 

23 

XVII 

18-24 

-0-77 

23 

XIX 

19  03 

+0-01 

24 

XXII 

19  02 

+001 

23 

XX 

18   31 

—070 

24 

XXIII 

1975 

40-74 

23 

XXI 

17-89 

—  r  13 

34 

XXIII 

19-30 

fo-a9 

24 

I 

18-66 

-035 

25 

XIV 

18-94 

-0-07 

24 

XV 

Mean 

19-78 

75  21   iSSi 

+0-77 

Mean 
0      / 

75  21  19-31 

• 

Mean  of 

groups 

75  21  19 

•01   -^-o'li 

Diurnal  aberration 

0 

•32 

Azimuth  of  Mark 

ro4  38  41 

•31    -Oil 

Angle  between  Mark  and  Mount  Nebo 

56  15  21 

•17 

Azitnuth  of  Mount  Nebo 

160  54  02 

•48 

<p  =  39°  48'-5. 


(46)  MOUNT   NEBO,  UTAH. 

A  =  111°  46'' 'o  West  of  Greenwich. 


Results  for  azimuth  from  observations  of  Polaris  near  Upper  and  Lower  Culmina- 
tions.— The  50-centinietre  direction  theodolite  No.  5  was  mounted  over  the  triangulation 
station.  The  azimuth  mark  was  about  5  miles  distant.  Observer,  W.  Eimbeck; 
computer,  D.  L.  Hazard.  A  single  result  for  azimuth  is  derived  from  a  set  of  obser\'ations 
consisting  of  2  pointings  on  the  mark,  2  pointings  on  the  star,  reversal  of  instrument, 
2  pointings  on  the  star,  2  pointings  on  the  mark".  Probable  error  of  a  single  result 
=  dzo"-46. 
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Summary  0/ results  for  azimuth  at  Mount  Nebo^  Utah, 


Near  Upper 

Culmination. 

Near  Lower  Culmination. 

Date, 

1887. 

Position. 

Mark 
E.  of  N. 

A 

Date, 
1887. 

: 

Position. 

Mark 

E.  of  N. 

0    '      1* 

t» 

0    '      »' 

.  1 

ly     ao 

Ill 

5  284334 

+074 

July 

ao 

I 

5  3843-98 

■.-0-4S 

ao 

IV 

43  50 

+  I-0O 

ao 

II 

43*57 

+  1-07 

ao 

V 

43 '47 

-0-03 

21 

VIII 

43  33 

-0  17 

ao 

VI 

41  93 

-o'57 

21 

IX 

43 '15 

+0*65 

ao 

VII 

4x77 

--073 

21 

X 

41-93 

-0-58 

31 

XI 

43-41 

-0*09 

23 

XVII 

42   31 

— 0"29 

21 

XII 

43  "97 

+047 

22 

XVIII 

43  03 

4  0  -52 

21 

XIII 

41 '55 

-o'95 

22 

XIX 

42*20 

-0  -30 

31 

XIV 

41  63 

-0-87 

22 

XX 

43-38 

-0'12 

31 

XV 

43  78 

+o-a8 

33 

XXI 

43  00 

-0-50 

21 

XVI 

4408 

+1-58 

23 

I 

43-45 

—  0*05 

33 

XXI 

43*08 

— 0*43 

33 

III 

4»-3i 

-1-19 

33 

33 

XXII 

XXIII 

43  97 
43-11 

+o'47 
-o"39 

Mean 

5  2S  42  46 

Mean 

5  38  43  -54 

0 

/         // 

// 

Mean  of 

groups 

5 

28  42  -50 

_h  0*09 

Diurnal  aberration 

4-0*32 

Azimuth  of  Miu-k 

1. 

S5 

23  42  82 

-'-o'C)9 

Angle  between  Mark  and  Tushar 

194 

36  40  '39 

Azimuth  of  Tushar 

20 

05  23-21 

(47)    SALT  LAKE  CITY,    UTAH. 

q)  =  40°  46^* I.  A  =  III®  53^ '5  West  of  Greenwich. 

Results  for  azimuth  from  observations  of  Polaris  at  various  hour  angles, — The  50- 
centimetre  theodolite  No.  5  was  mounted  over  the  triangulation  station  in  Temple 
Block,  Salt  Lake  City.  The  azimuth  mark  was  at  City  Creek  station,  about  4*3  kilo- 
metres distant.  Observer,  W.  Eimbeck;  computer,  D.  L.  Hazard.  A  single  result  for 
azimuth  is  derived  from  a  set  of  observations  consisting  of  2  pointings  on  the  mark,  2 
pointings  on  the  star,  reversal  of  instrument,  2  pointings  on  the  star,  2  pointings  on 
the  mark.     Probable  error  of  a  single  result  =  ±  o"*64. 

Summary  of  results  for  azimuth  at  Salt  Lake  City,  Utah. 
Hour  angle  of  star  9^  to  iih.  Hour  angle  of  star  i\^  to  23>i. 


Date, 

1893. 

Position. 

Mark 

E.  of  N. 

A 
■    \ 

Date, 
1893. 

Position. 

Mark 
E.  of  N. 

# 

0 

/           n 

n 

0 

/       tt 

M 

June  2 

I 

12 

02  50-29 

— 008 

June 

3 

Ill 

12 

02  49  74 

-0  -63 

I 

5»-i9 

4-0-82 

3 

IV 

51-55 

+  1-18 

II 

48-68 

-1-69 

4 

VII 

51  -oo 

+0-63 

V 

50  02 

-035 

4 

VIII 

50  40 

-fO-03 

VI 

49*59 

-078 

4 

IX 

50  33 

—0  -05 

5 

X 

49  "34 

-103 

5 

XIII 

50  35 

— 0"02 

5 

XI 

50  34 

-0  03 

5 

XIV 

50 -So 

+0  43 

5 

XII 

50-58 

+0-21 

5 

XV 

50  44 

+007 

6 

XVII 

53  33 

+  1-96 

5 

XVI 

50  94 

+057 

6 

XVIII 

5»-79 

+  1-43 

6 

XX 

51  93 

+  1-56 

6 

XIX 

4964 

-073 

6 

XXI 

4990 

-0  47 

7 

XXIII 

4900 

-J '37 

6 

XXII 

48-75 

-1-62 

7 

XIII 
Mean 

50-38 

— 009 

Mean 

12 

02  50  -51 

12 

03  50*24 

0 

/          // 

ff 

Mean  of 

groups 

12 

02  50  37 

zhO 

•13 

Diurnal  aberration 

+032 

Azimuth  of  Mark 

(City  Creek) 

192 

02  50*69 

d:0 

•13 
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(p  =  40°  54^*4. 


(48)    WADDOUP,  UTAH. 

A.  =  III®  53^*2  West  of  Greenwich. 


Results  for  azimuth  from  observations  of  Polaris  at  various  hour  angles. — The  50 
centimetre  direction  theodolite  was  mounted  over  the  triangulation  station.  Observer, 
W.  Eimbeck;  computer,  D.  L.  Hazard.  A  single  result  for  azimuth  is  derived  from  a 
set  of  observations  consisting  of  2  pointings  on  the  mark,  2  pointings  on  the  star, 
reversal  of  instrument,  2.  pointings  on  the  star,  2  pointings  on  the  mark.  Probable 
error  of  a  single  result  =  ±  o"*98. 

Summary  of  results  for  azimuth  at   Waddoup^   Utah, 


Date. 

1892. 


June  13 

14 


Near  ITpper  Culmination. 


Near  Lower  Culmination. 


Position. 
IV 

vm 

XII 
XVI 


Mark 
E.  of  N. 

o     '       n 

149  14  06-26 

08  03 

07  32 

05  04 


It 

+0-24 

+  2  "01 

+ 1  -30 

-0-98 


Mean  149  14  06 '66 


Date, 
1892. 


June  13 
16 

17 
17 
X7 


Position. 

I 
XIV 
XX 

x"xiii 
III 


Mark 
E.  of  N. 

o      t       n 
149  14  06 '60 
03 -27 
0679 

04 -P* 
05*28 


Mean         149  14  05  -38 


o       /  // 

Mean  of  groups  149  14  06  '02 

Diurnal  aberration  -f  o  '32 

Azimuth  of  Mark  329  14  06  '34 

Angle  between  Ogden  Peak  and  Mark    148  31  33  "66' 
Azimuth  of  Ogden  Peak  180  42  32  '68 


// 


033 
o'33 


+0.58 

-275 
+077 
-I  04 
-074 


(49)    OGDEN   OBSERVATORY,  UTAH. 


<^  =  4I<»  13^-1. 


A  =  111°  59^*7  West  of  Greenwich. 


Results  for  azimuth  from  observations  of  Polaris  at  various  hour  angles. —Th^  50- 
ceutimetre  direction  theodolite  was  mounted  over  the  triangulation  station,  about  4  metres 
south  of  the  longitude  pier  in  the  United  States  Engineers'  Observatory  at  Ogden.  The 
azimuth  mark  was  at  North  Ogden  Peak,  about  10  miles  distant.  Observer,  W.  Eim- 
Ixrck ;  computer,  D.  L.  Hazard.  A  single  result  for  azimuth  is  derived  from  a  set  of 
observations  consisting  of  2  pointings  on  the  mark,  2  pointings  on  the  star,  reversal  of 
instrument,  2  pointings  on  the  star,  2  pointings  on  the  mark.  Probable  error  of  a  single 
result  =  ±o"'45. 
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Date, 

1891. 

Hay  37 

30 

30 

30 

June   4 

4 
4 
5 
•5 
5 
6 

7 
7 
7 


Hour  angle  of  star  9^  to  iti*. 
Position. 


Mark 
B.of  N. 


Date, 
1891. 


Hour  angle  of  star  aoi>  to  24**. 
Position. 


Mark 
E.ofN. 


I 
I 

II 

III 

VII 
VIII 

IX 
XIII 
XIV 

XV 
XIX 

XX 
XXI 
XXII 


o      /         /' 

10  03  56 '47 

56  43 
5677 

57  32 
57  46 
5874 

56  70 

5664 
5606 

57*57 

57  09 
5607 

55  97 
57-66 


-0-49 
-053 
—0*19 
+036 
+050 

+  1-78 
—0-26 

-0-33 
— o"90 
+o-6i 
+013 
-089 
-0-99 
+070 


June 


3 
3 
3 

4 
4 
4 
5 
5 
5 
9 
9 
9 


IV 

V 

VI 

X 

XI 

XII 

XVI 

XVII 

XVIII 

XXIIl 

XXIII 

IX 


o     /         " 

10  03  56  -45 

57  24 

57  05 

56-00 

57  23 
57-83 
56  37 

56  82 

57  24 
56-91 
57  19 
57  75 


n 


--o*5i 
+0*26 
+009 
-096 

+0-27 
-1-0 -87 

-059 

— 014 
-f-o-2R 
— 005 
-Ho  23 

+079 


Mean         10  03  ^7  'oi 


Mean         xo  03  56  '92 


// 


Mean  of  groups 

Diurnal  aberration 

Azimuth  of  Mark 

Angle  between  Mark  and  Ogden  Peak 

Azimuth  of  Ogden  Peak 


10  63  56  96 

i-o-32 
190  03  57  28 

93  04  47  35 
283  08  44  63 


=bO'09 
±:0"09 


^  =  41®  12^-0. 


(50)  OGDEN  PEAK,  UTAH. 

A.  =  III®  53'*o  West  of  Greenwich. 


Results  for  azimuth  from  observations  of  Polaris  near  Eastern  and  Western  Elonga- 
tions,— The  5p-centimetre  direction  theodolite  No.  5  was  mounted  over  the  triangulation 
station.  The  mark  was  at  North  Ogden  Peak,  about  10  miles  distant.  Obser\'er, 
W.  Eimbeck;  computer,  D.  L.  Hazard.  A  single  result  for  azimuth  is  derived  from  a  set 
of  observations  consisting  of  2  pointings  on  the  mark,  2  pointings  on  the  star,  reversal 
of  instrument,  2  pointings  on  the  star,  2  pointings  on  the  mark.  Probable  error  of  a 
single  result  =  ±  o"73. 
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Summafy  of  results /or  azimuth  at  Ogden  Peak,  Utah, 
Near  Eastern  Elongation.  Near  Western  Elongation. 


Date, 

18RR. 

Position. 

Mark 
W.  of  N. 

0    /       ft 

A 

Date, 

1888. 

Position 

•  Mark 
W.  of  N. 

0     /       tf 

A 

Sept.  30 

I 

19  56  58 '66 

—  2-OI 

Oct.  3 

IV 

19  56  60 '00 

—0-07 

Oct.     2 

II 

61  02 

+035 

3 

V 

[56-67] 

Rejected 

2 

11 

61 '57 

+0-90 

3 

VI 

6o-ii 

-0-56 

4 

VIII 

[54  29]  Rejected 

3 

VII 

60-13 

-054 

5 

IX 

60-19 

-048 

5 

XIV 

61 -68 

+  1-01 

5 

X 

63  16 

+  i'49 

5 

XV 

60  01 

-0-66 

5 

XI 

60-39 

-028 

5 

XVI 

58-91 

-1-76 

5 

XII 

60-25 

-042 

5 

XVII 

58-94 

-»73 

5 

XIII 

[67  56]  Rejected 

5 

XVIII 

60-47 

-oao 

6 

XIX 

62-83 

+2  16 

7 

XXII 

60-08 

-0-59 

6 

XX 

61-34 

-fo-67 

7 

XXII 

60  27 

—0-40 

6 

XXI 

62  36 

+  1-69 

8 

XXIII 

59*75 

—0-93 

Mean 

19  56  61  08 

8 
8 
8 
9 
9 
9 

XIII 
XIV 

r 

X 
XI 

XII 

Mean 

0       / 

• 

59  02 
61  07 
61-70 
60-66 

61-53 
60-05 

19  56  60-36 
//              // 

-1-65 
■J-0-40 
+  103 
— o-oi 
+0-86 
—0-62 

Mean  of  two  groups 

19  56 

60 

•67    -^0-14 

Diurnal  aberration 

-0 

•32 

Azimuth  of  Mark 

160  02 

59 

•65  H-0-I4 

Angle  between  Mark  and  Mount  Nebo 

196   16 

30 

•84 

Azimuth  of  Mount  Nebo 

356  19  30  49 

(51)   ANTELOPE,    UTAH. 

q>  =  40°  57^7.  /I  =  1 12°  13'' o  West  of  Greenwich. 

Results  for  azimuth  from  observations  of  Polaris  at  various  liour  angles, — The  50- 
centinietre  direction  theodolite  No.  5  was  mounted  over  the  triangiilation  station.  The 
azimuth  mark  was  about  8  kilometres  distant.  Observer,  P.  A.  Welker;  computer,  D. 
L.  Hazard.  A  single  result  for  azimuth  is  derived  from  a  set  of  observations  consist- 
ing of  2  pointings  on  the  mark,  2  pointings  on  the  star,  reversal  of  instrument,  2  point- 
ings on  the  star,  2  pointings  on  the  mark.     Probable  error  of  a  single  result  =  ±  o"'65. 
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Summary  of  results /or  azimuth  at  Antelope^  Utah. 
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Hour  angle  of  star  7*^  to  9!^ 


Hour  angle  of  star  i6>i  to  i8h. 


Date, 
1892. 

Position. 

Mark 
W.  of  N. 

A 

Date, 

1892. 

Position. 

Mark 
W.  of  N. 

A 

0    /       »/ 

// 

0    '        '/ 

// 

ct.    23 

I 

11  21  45  67 

-1-68 

Oct. 

24 

IV 

II  21  48 -38 

+  103 

23 

II 

47  30 

-005 

24 

V 

47 -82 

+0*47 

23 

III 

46  49 

-086 

24 

VI 

47-66 

+0-31 

24 

VII 

47  17 

-018 

25 

X 

4847 

+  1*12 

24 

VIII 

46-51 

-084 

25 

XI 

47-05 

—0*30 

24 

IX 

46-16 

-I   19 

25 

XII 

47  84 

+o*49 

25 

XIII 

45  24 

-211 

26 

■  XVI 

47-57 

+0*22 

25 

XIV 

4708 

-027 

26 

XVII 

48-49 

+  114 

25 

XV 

47  97 

+062 

26 

XVIII 

4790 

+0-55 

36 

XIX 

4849 

+  114 

27 

XXII 

[45*18]  Rejected. 

36 

XX 

47  52 

+017 

26 

XXI 

Mean 

45-84 

-I  "SI 

Mean 

^ 

II  21  47*91 

II  21  4679 

0      /          > 

f/             // 

Mean  of  groups 

II    21   47 

•35   :^o-i4 

Diurnal  aberration 

-0 

•32 

Azimuth  of  Mark 

168   38    12 

■97    ±:0-I4 

Angle 

between  Deseret  and  Mark 

136  39  09  '^ 

Azimuth  of  Deseret 

31  59  03 

•88 

(52)    PROMONTORY,  UTAH. 

<p  =  41°  ly'S.  A  =  1 12°  25^*2  West  of  Greenwich. 

Results  for  azimuth  from  observations  of  Polaris  at  various  hour  angles. — The 
50-centimetre  direction  theodolite  No.  5  was  mounted  over  the  triangulation  station. 
The  mark  was  about  3  kilometres  distant.  Observer,  W.  Eimbeck;  computer,  D.  L. 
Hazard..  A  single  result  for  azimuth  is  derived  from  a  set  of  observations  consisting  of 
2  pointings  on  the  mark,  2  pointings  on  the  star,  reversal  of  instrument,  2  pointings  on 
the  star,  2  pointings  on  the  mark.     Probable  error  of  a  single  result  —  i  o"'77. 

Summary  of  results  for  azimuth  at  Promontory^  Utah. 
Near  Upper  Culmination. 


Date, 

1892. 


July 


1! 
II 
II 
II 
12 
12 
12 
12 
»3 

»3 
J3 
13 


Position. 


IX 
X 
XI 

XII 
XVI 
XVII 
XIX 

XXIII 
XXIIl 

I 

II 

III 

Mean 


Mark 
W.  of  N. 

o    /       // 
39  09  14  40 

16  25 

14  35 
I4'cx> 
16-32 

17  32 
16-50 

15-95 
»5"3o 
14-43 
17-57 

"'        1575 

39  09  >5  '^ 


Date, 
1892. 


Near  Lower  Culmination. 
Position. 


Mark 
W.  of  N. 


n 
—  I  -21 
+064 

-i-a6 
-i-6i 
+0-71 

-I-I-71 
+089 

+034 
-031 
-I  18 

+  196 

+0*14 


July 


12 
12 

12 

»3 
13 
»3 
14 
14 
14 
14 
15 
15 


XIII 
XIV 

XV 

XX 

XXI 

XXII 

IV 

V 

VI 

VII 

VIII 

XXIII 

Mean 


o     /       " 
39  09  15  -28 
x6'42 

13*79 
13-61 

15-75 
15-75 
16-00 

»4-55 
17-55 

15  96 

16  44 
15-49 

39  09  15 -55 


A 

ft 
-0-33 
+o*8i 
-1-82 
-2-00 
+0*14 
+014 
+039 
-I  06 

+  194 
+035 
+0-83 

-0-I2 


// 


ff 


Mean  of  groups  39  09  15  *6i  ^ 
Diurnal  aberration  —  o  "32 

Azimuth  of  Mark  140  50  44  71  ± 

Angle  between  Mark  and  Ojj^den  Peak  142  33  17  '83 

Azimuth  of  Ogden  P<;ak  283  24  02  '54 


016 

:0"l6 
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9>  =  4o®  27^-5. 


(53)   DKSERET,   UTAH, 

A.=  112°  37'''6  West  of  Greenwich. 


Results  for  azimuth  from  observations  of  Polaris  at  various  hour  angles. — The  50- 
centimetre  direction  theodolite  No.  5  was  mounted  over  the  triangulation  station.  The 
azimuth  mark  was  15  92  kilometres  distant.  Observer,  W.  Eimbeck;  computer,  D.  L. 
Hazard.  A  single  result  for  azimuth  is  derived  from  a  set  of  observations  consisting  of  2 
pointings  on  the  mark,  2  pointings  on  the  star,  reversal  of  instrument,  2  pointings  on 
the  star,  2  pointings  on  the  mark.     Probable  error  of  a  single  result  =  db  o"*86. 

Summary  of  resutts  for  azimuth  at  Deseret^  Utah, 


Date, 
1893. 


Sept. 


7 
7 
8 
8 
8 
9 

9 
10 

10 

10 

II 

II 


Hour  angle  of  star  t^  to  6^. 
Position. 


Mark 
E.  of  N. 


viri 

IX 
XIII 
XIV 
XV 
XIX 
XX 
XXI 

II 
III 

IV 

v 

XVI 

Mean 


3  23  09 "97 
10-47 
09  69 
10*17 

09  40 
II  03 
09*01 
1124 

10  58 
1017 
II '28 
10-51 
09 -88 

3  23  10-26 


It 
+0-69 

+  1  19 
+0-41 
+0-89 
+o-ia 

+  !75 
—0-27 

+  196 
+  i"30 
+0-89 

+  2-0O 

+1  -23 
4-0 -60 


Date. 
1892. 


Sept.    7 

8 
8 
8 

9 

9 

9 
10 

10 

10 

II 

II 

II 


Mean  of  groups 

Diurnal  aberration 

Azimuth  of  Mark 

Angle  between  Mark  and  Mount  Nebo 

Azimuth  of  Mount  Nebo 


Hour  angle  of  star  14b  to  z6t>. 
Position.        ^^\  A 


VIII 

X 

XI 

XII 

XVI 

XVII 

XVIII 

XXII 

XXIII 

I 

V 

VI 

VII 

Mean 


o     '         " 

3  23  08-90 
07 '59 
0757 

08  83 
07  18 
08-06 
09-71 
08-40 

09  77 
08-82 
06-69 
08-24 

0811 


3  23  08  30 

// 
:0*I7 


o     /  // 

5  23  09  28 

-HO  32 

183  23  09*60  ±0*17 

130  50  51  '51 
314  J4  01  11 


It 
-038 

-1-69 
-1-71 

-0*45 

-2-IO 
—  I   22 

+043 
-0S8 
+049 
— 046 

-259 
-1-04 

-I -17 


(54)    IBEPAH,  UTAH. 

<p  =  39°  49''7.  A  =  113°  55'*2  West  of  Greenwich. 

Results  for  azimuth  from  observations  of  Polaris  at  various  hour  angles, — The  50- 
centimetre  direction  theodolite  No.  5  was  mounted  over  the  triangulation  station.  The 
azimuth  mark  was  at  North  Ibepah  Peak,  1*9  miles  distant.  Observers,  W.  Eimbeck 
and  P.  A.  Welker;  computer,  D.  L.  Hazard.  A  single  result  for  azimuth  is  derived 
from  a  set  of  observations  consisting  of  2  pointings  on  the  mark,  2  pointings  on  the  star, 
reversal  of  instrument,  2  pointings  on  the  star,  and  2  pointings  on  the  mark.  Probable 
error  of  a  single  set  =  ±  o"'7o. 
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Summary  of  results  for  azimuth  at  Ibepah^  Utah, 


Date, 

1889 


Sept. 


Hour  angle  of  star  4^1  to  6*1. 


Hour  angle  of  star  14^  to  16^. 


1 

Position. 

Mark 
E.of  N. 

0    /       '/ 

A 
// 

Date 

1889. 

t 

Position. 

Mark 

E.of  N. 

0     /      // 

A 

6 

1 

22  11  53-70 

+043 

Sept 

6 

I 

22  II  54*01 

+0-74 

6 

II 

50  82 

-2  "45 

7 

IV 

53  36 

+009 

6 

III 

54  21 

+094 

7 

V 

51 '51 

-1-76 

VII 

54  67 

+1-40 

7 

VI 

5304 

-0*23 

7 

VIII 

53  28 

+o'oi 

8 

X 

5»'79 

—1*48 

7 

IX 

55»2 

+1-85 

8 

XI 

53*37 

+0*10 

8 

XIII 

52  62 

—0-65 

8 

XII 

5372 

+045 

8 

XIV 

53  97 

+0-70 

9 

XVI 

52  39 

— 0-88 

8 

XV 

53  51 

+024 

9 

XVII 

5348 

+©•21 

9 

XIX 

53  52 

+025 

9 

XII 

54-26 

+099 

9 

XX 

53 '39 

+0-I2 

10 

XVIII 

52*21 

-I  06 

Mean 

M  II  53  53 

10 

VI 
Mean 

[5772I 
22   II   53  01 

Rejected 

// 


// 


Mean  of  groups  22  11  53  '27  d:0  '15 

Diurnal  aberration  -f-  o  '32 

Azimuth  of  Mark  202  11  53*59  d=o'i5 

Angle  between  Diamond  Peak  and  Mark  121  00  25  '13 
Azimuth  of  Diamond  Peak  81  11  28*46 


10.    NEVADA   SERIES. 
(55)  PIOCHK,    NEVADA. 

<jp  =  37°  59'- 1.  A  =  1 14°  03^*2  West  of  Greenwich. 

Results  for  azimuth  from  observations  of  Polaris  at  various  hour  angles. — The  50- 
centiraetre  direction  theodolite  No.  5  was  mounted  over  the  triangulation  station.  The 
azimuth  mark  was  about  a  mile  and  a  half  distant.  Observer, W.  Eimbeck;  computers, 
A.  S.  Christie  and  E.  Smith.  A  single  result  for  azimuth  is  derived  from  a  set  of 
observations  consisting  of  2  pointings  on  the  mark,  2  pointings  on  the  star,  reversal  of 
instrument,  2  pointings  on  the  star,  2  pointing  on  the  mark.  Probable  error  of  a  single 
result  =  zto"*66. 

18732— No.  4 50 
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Summary  of  results  for  azimuth  at  Pioche^  Nevada. 
Near  Eastern  Elongation.  Near  Western  Elongation. 


Date, 
1883. 

Position. 

Mark 
W.  of  N. 

A 

Date, 

1883. 

Position 

• 

Mark 
W.  of  N. 

A 

0     /       1' 

// 

0     /       // 

// 

Sept.    18 

I 

164  31  »5  ^2 

+0-46 

Sept 

18 

III 

'64  31  15 ■71 

+0-35 

18 

" 

15-43 

+0-07 

18 

V 

14-25 

-i-ii 

19 

VII 

1478 

-058 

18 

VI 

15  93 

+057 

19 

VIII 

16 '12 

+0-76 

19 

X 

17-45 

4-2  09 

19 

IX 

1577 

+0-41 

20 

XII 

15-85 

+049 

20 

XI 

1677 

+  1-41 

20 

XIII 

13-47 

-189 

21 

XVI 

14-19 

-1-17 

20 

XIV 

14-99 

-0-37 

21 

XVII 

«3'96 

—  I  -40 

20 

XV 

16-62 

+  1-26 

21 

XVIII 

15-84 

+0-48 

20 

XIX 

14-97 

-0  39 

22 

XIX 

16-25 

+0-89 

20 

XXII 

14-76 

-o-6o 

22 

XXIV 

14-56 

-o'8o 

20 

XXIII 

•       1663 

+  1-27 

22 

XXV 

13-85 

-1-51 

21 

XX 

15-14 

-0-22 

24 

IV 
Mean 

15-31 

-0-05 

21 

XXI 

Mean 

15-04 

-0-32 

164  31  15-28 

[64  31  15-44 

0 

/ 

// 

// 

Mean  of  two  groups 

164 

31  '5 

•36 

:+:0-I3 

Diurnal  aberration 

-0 

•32 

Azimuth  of  Mark 

] 

15 

28  44 

■96 

±013 

Angle  between  Mark  and  Tushar 

235    30    05 

•19 

Azimuth  of  Tushar 

250 

58  50 

■15 

(56)    PII/>T  PEAK,  NEVADA. 

<p  =  41°  oi^'i.  A.  =  114°  04^7  West  of  Greenwich. 

Results  for  azimuth  from  observations  of  Polaris  at  various  hour  angles, — The  50- 
centimetre  direction  theodolite  No.  5  was  mounted  over  the  triangulation  station.  The 
azimuth  mark  was  i^  miles  distant.  Obser\'er,  W.  Eimbeck;  computer,  D.  L. 
Hazard.  A  single  result  for  azimuth  is  derived  from  a  set  of  observations  consisting  of 
2  pointings  on  the  mark,  2  pointings  on  the  star,  reversal  of  instrument,  2  pointings  on 
star,  2  pointings  on  the  mark.     Probable  error  of  a  single  result  =  d=o""8i. 

Summary  of  results  for  azimuth  at  Pilot  Peak^  Nevada, 


Near  Upper  Culmination. 


Near  I«ower  Culmination. 


Date, 

1889. 

Position. 

Mark 

E.  of  N. 

A 

Date. 

1S89. 

Position. 

Mark 

E.  of  N. 

A 

0     '         n 

n 

0    '       n 

ft 

July  18 

Ill 

12  33  36-53 

+013 

Mx 

18 

I 

12  33  36  34 

+0-14 

18 

IV 

35  87 

-033 

18 

II 

34  54 

-1-66 

18 

V 

37  -42 

+  1  -22 

19 

VII 

33  '40 

~2  80 

18 

VI 

36  90 

+070 

19 

VIII 

35  "69 

-0-51 

19 

VIII 

36-51 

+  0-31 

20 

XII 

35  53 

-0  67 

19 

IX 

37  99 

+  1-79 

20 

XIII 

34-90 

-I   30 

19 

X 

36 -KS 

+068 

20 

XIV 

35  -92 

-0  28 

19 

XI 

36 '35 

+015 

20 

XV 

36-91 

+0-71 

20 

XVII 

37-39 

+  1  "19 

20 

XVI 

35  '53 

—0-67 

20 
20 

I 

VI 
Mean 

3864 
36-35 

12  33  36  97 

+2-44 
+0-I5 

Mean 

0      / 

12  33  35  "42 
//               // 

> 

lean  of  two 

groups 

12  33 

36*20  drO 

■18 

I 

)iurnal  aberration 

-+  0  -32 

h 

.zi ninth  of  Mark 

192  33 

36-52    H-O 

•18 

A 

.ngle  between  Mark  and  Mount  Nebo 

III  06 

37  "49 

A 

Lzimuth  of  Mount  Nebo 

303  40 

14*01 
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(57)    DIAMOND    PEAK,  NEVADA. 


«P  =  39°35''i. 


A  =  115®  49'- 1  West  of  Greenwich. 


Results  for  azimuth  from  observations  of  Polaris  near  Eastern  and  Western  Elonga- 
tions,— The  50centimetre  direction  theodolite  No.  5  was  mounted  over  the  triangulation 
station.  The  azimuth  mark  was  about  5  miles  distant.  Observer,  W.  Eimbeck;  com- 
puters, A.  S.  Christie  and  E.  Smith.  A  single  result  for  azimuth  is  derived  from  a  set 
of  observations  consisting  of  2  pointings  on  the  mark,  2  pointings  on  the  star,  reversal  of 
instrument,  2  pointings  on  the  star,  2  pointings  on  the  mark.  Probable  error  of  a  single 
result  near  Eastern  Elongation  =  zfc:o"'54,  and  near  Western  Elongation  =  dbo"'4i. 

Summary  0/ results  for  azimuth  at  Diamond  Peak^  Nez*ada. 


Ncftr  Eastern  Elongation. 


Near  Western  Elongation. 


Date, 
1881. 

Position. 

Mark 
W.  of  N. 

A 

Date, 

1881. 

Position. 

Mark 
W.of  N. 

0    /         It 

1' 

0   /        ti 

// 

pt.    17 

IX 

2  45  32-14 

+002 

Sept.  ai 

XXII 

2  45  30  51 

-047 

18 

X 

3»'47 

-065 

24 

XXV 

29-85 

-113 

18 

XI 

33 '57 

+  1*45 

24 

I 

31-33 

+  0-35 

19 

XII 

32  85 

+073 

24 

II 

3096 

— 0'02 

19 

xiir 

33 -J? 

+  1-05 

26 

VIII 

30-61 

-0-37 

20 

XIV 

32  14 

+002 

26 

XVI 

32  03 

+  1  -05 

.20 

XV 

32-45 

+033 

29 

XIX 

31  20 

+0'22 

24 

XXIII 

3»77 

-0-35 

29 

XX 

3064 

-034 

24 

XXIV 

31-86 

— 0*26 

29 

XXI 

31 -oS 

+0-I0 

25 

III 

32-31 

+019 

30 

XVIII 

30-85 

-013 

25 

IV 

V 

VI 

31-93 
32  01 
30 -22 

--019 

— O'll 

-1-90 

30 

XVII 
Meau 

- 

31  -77 

+079 

25 
26 

2  45  30  '^ 

±012 

26 

VII 
Mean 

31  "77 
2  45  32  12 

-0-35 

+  o'io 

0 

/ 

//                // 

M 

lean  of  two  groups 

2 

45 

31  '55  ±  0 

•13 

D 

iurnal  aberration 

- 

-0*32 

A 

zimuth  of  Mark 

•   177 

14 

2877  "•"O 

•13 

A 

ngle  between  Mount  Callahan  and  Mark 

78 

47 

14-81 

A 

zimuth  of  Mount  Callahan 

98 

27 

13*96 

(58)    MOUNT   CALI«AHAN,  NEVADA. 


<p  =  39°  42^-5. 


A  =  1 16°  57''- 1  West  of  Greenwich. 


Results  for  azimuth  from  observations  of  Polaris  near  Upper  and  Lower  Culnmia- 
tions, — The  50-centimetre  direction  theodolite  No.  5  was  mounted  over  the  triangulation 
station.  The  mark  was  a  little  more  than  6  miles  distant.  Observer,  W.  Eimbeck ; 
computers,  A.  S.  Christie  and  A.  Ziwet.  A  single  result  for  azimuth  is  derived  from  a 
set  of  observations  consisting  of  2  pointings  on  the  mark,  2  pointings  on  the  star,  reversal 
of  instrument,  2  pointings  on  the  star,  2  pointings  on  the  mark.  Probable  error  of  a 
single  result  =  zt.  o"*79  for  Upper  Culmination  and  zfc  o"*6o  for  Lower  Culmination. 
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Summary  of  results  for  azimuth  at  Mount  Callahan,  Nevada. 


Upper  Culmination. 


I/)wer  Culmination. 


Date, 

1881. 

Position. 

Mark 

K.  of  N. 

A 

Date. 

18S1. 

Position. 

Mark 
n.  of  N. 

A 

0    /       // 

// 

0    /       It 

// 

ly     21 

XVIII 

29  39  60-62 

+0-66 

July 

31 

XXI 

2939  58-42 

-013 

21 

XIX 

58  01 

-I '95 

21 

XXII 

59-06 

+0-51 

21 

XX 

5970 

—0-26 

21 

XXIII 

5804 

-0-51 

22 

XXIV 

59-87 

—0*09 

22 

II 

59 -28 

+073 

22 

XXV 

61-52 

+  156 

22 

III 

5895 

+040 

22 

I 

61-98 

+  2-02 

22 

IV 

58-70 

+0-15 

23 

V 

60-84 

+0-88 

23 

vni 

58  92 

+037 

23 

VI 

60-37 

+0-41 

23 

IX 

59-29 

+0-74 

23 

VII 

5984 

—0-12 

28 

XIX 

56-79 

-176 

25 

X 

59-88 

— 008 

28 

XX 

57-13 

-1-43 

25 

XI 

59-58 

-0-38 

28 

XXI 

59-46 

+0-91 

3(5 

XII 

59-76 

—0-30 

27 

XUI 

61-57 

+I-6I 

Mean 

293958*55 

±0*18 

27 

XIV 

5983 

-0-13 

27 

XV 

57-97 

-1-99 

38 

XVI 

57-87 

-2-09 

28 

XVII 

60-45 

+0-49 

28 

XVIII 
Mean 

59-65 
29  39  59  96 

-0-31 
±0-19 

0       / 

//              /f 

Mean  of  two  groups 

29  39  59 

•26  dto*i6 

Diurnal  aberration 

+  0 

•32 

Azimuth  of  Mark 

202  39  59 

•58 

Angle  between  Carson  Sink  and  Mark 

126  30  24*64 

Azimuth  of  Carson  Sink 

83  09  34  '94 

(59)    TOIYABE  DOME,  NEVADA. 

q)  =  38°  49*^ '9.  A.=  117°  2i'*2  West  of  Greenwich. 

Results  for  azimuth  from  observations  of  Polaris  near  Eastern  and  Western  Elongations 
and  6  Ursoe  Minoris  near  Lower  Culmifiation. — The  50-centimetre  direction  theodolite 
No.  5  was  mounted  over  the  triangulation  station.  The  azimuth  mark,  called  Ophir, 
was  about  7  miles  distant.  Observer,  W.  Eimbeck :  computers,  A.  S.  Christie  and 
A.  Ziwet.  A  single  result  for  azimuth  is  derived  from  a  set  of  obser\^ations  consisting 
of  2  pointings  on  the  mark,  3  pointings  on  the  star,  then  reversal  of  instrument  followed 
by  similar  pointings  on  star  and  mark.     Probable  error  of  a  single  result  =  zb  o""62. 

Summary  of  results  for  azimuth  at  Toiyabe  Dome^  Nevada. 


Date, 

1880. 

Position. 

star. 

Phase. 

Mark 
E.  of  N. 

0    '        tt 

A 
// 

Date, 

1880. 

Position 

star. 

Phase. 

Mark 
E.  of  N. 

0    /        // 

A 
tt 

Sept.    20 

I 

a  U.  M. 

W.  E. 

13   31   53-07 

+093 

Sept.  24 

X 

aU.M. 

E.E. 

13  21  51 '51 

+0-37 

31 

XVIII 

a  U.  M. 

L.  C. 

51 '37 

+0-23 

25 

XXIII 

a  U.  M. 

E.E. 

50-89 

-0-25 

21 

II 

a  U.  M. 

W.  E. 

52*18 

+  104 

36 

XI 

«  U.  M. 

L.C. 

51-10 

—0-04 

32 

III 

ttU.  M. 

W.  E. 

50  82 

— 0-32 

26 

XII 

tt  U.  M. 

W.  E. 

50-59 

—0-55 

23 

IV 

«U.  M. 

I..  C. 

51-99 

+0-85 

38 

XIII 

aU.  M. 

E.  E. 

50-79 

-o'aS 

23 

V 

a  U.  M. 

W.  E. 

50-45 

—0-69 

38 

XIII 

aU.  M. 

EE. 

51  -65 

+0-51 

23 

VI 

a  U.  M. 

W.  E. 

5173 

+o'59 

29 

XIV 

aU.  M. 

W.E. 

51-26 

■fO-13 

34 

VII 

«  U.  M. 

L.  C. 

5014 

—  I  "OO 

29 

XV 

aU.  M. 

W.  E. 

50-09 

-1-05 

24 

VII 

I  U.  M. 

L.  C. 

50-21 

-093 

30 

XVI 

aU.  M. 

W.E. 

51 -70 

4-0-56 

24 

VIII 

aU.  M. 

W.  E. 

52*37 

+1-33 

30 

XVII 

aU.  M. 

W.E. 

52  37 

+  1*23 

24 

IX 

a  U.  M. 

Mean 

E.E. 

4871 

-2-43 

0 

13 

/           // 

21  51  -14 

=bo-i3 

Diurnal  aberration 

+  0-32 

Azimuth  of  Mark 

193 

21  51  '46 

=bo-i3 

Angle 

\  between  Mount  Grant  and  Mark 

116 

01  02  '16 

Azimuth  of  Mount  Grant 

77 

20  49  -30 
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(60)    CARSON  SINK,    NEVADA. 

^=390  35' "o.  X  =  118°  I4''2  West  of  Greenwich. 

Results  for  azimuth  from  observations  of  Polaris  near  Upper  and  Lower  Culmina- 
tions,— ^The  5ocentimetre  direction  theodolite  No.  5  was  mounted  over  the  triangulation 
station.  The  mark  was  about  6*4  miles  distant.  Observer,  W.  Eimbeck;  computers, 
A.  S.  Christie  and  A.  Ziwet.  A  single  result  for  azimuth  is  derived  from  a  set  of  obser- 
vations consisting  of  2  pointings  on  the  mark  followed  by  2  pointings  on  the  star,  then 
reversal  of  instrument,  and  similar  pointings  on  star  and  mark.  Probable  error  of  a 
single  result  near  Upper  Culmination  =  ±o"'99,  near  Lower  Culmination  =  ±o"'37. 

Summary  of  results  for  azimuth  at  Carson  Sink^  Nevada. 


Date, 

1880. 


Polaris  near  Upper  Culmination. 
Position.        Jf^^Tt,  A 


Date, 
1880. 


Polaris  near  I«ower  Culmination. 
Position. 


Mark 
W.of  N. 


July  19 

19 
ao 

ao 

21 

21 

21 

22 

22 

22 

23 
24 
26 
26 
26 


xvni 

XIX 

XXI 
XXII 
XXV 

I 
II 

IV 

V 

VI 

IX 

XIII 

XIII 

XXIII 

VII 

Mean 


o    '        '/ 
o  54  32 "97 
33-02 

307^ 
30  ^S 
34  26 
33  05 
32 '47 
29  96 

33  50 
33  74 
33 '25 
33  65 
32  26 

30-84 
2976 

o  54  32  '30 


It 
+0-67 
+072 

-1-58 
-132 

+  1-96 

+075 
+0-I7 
-2-34 
+1  -20 
+  i'44 
+095 

+i'35 
— o'04 
—1-46 
-2-54 

±025 


July  14 

14 
18 
18 
20 
20 
21 
21 
21 
22 
22 

23 
23 
23 
24 
24 
24 


XIV 

XV 

XVI 

XVII 

XX 

XXI 

XXIII 

XXIV 

XXV 

III 
III 

VI 
VII 
VIII 

X 

XI 
XII 

Mean 


o    /       ft 
o  54  32  85 

33  25 

34  01 

32  67 
3286 

33  65 
32-31 

32  15 
32-39 
31-89 
33 -43 

33  34 
32  65 
32  90 

32  55 
32  93 
32-69 


// 

O'OO 

+0-40 
+i'i6 
— o-i8 
+001 
+080 
-054 
—070 
— 046 
— 096 
+0-58 
+049 
— o'ao 
+0-05 
—0-30 
+0-08 
-o*i6 


O.S4  32-85        ±0-09 


Mean  of  two  groups 

Diurnal  aberration 

Azimuth  of  Mark 

Angle  between  Mark  and  Mount  Callahan 

Azimuth  of  Mount  Callahan 


o         /  // 

o  54  32  -58 

—  0-32 

179  05  27  74 

83  M  57*91 
262  20  25  '65 


// 


0-13 
0-13 
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(6l)    MOUNT  CONNESS,  CALIFORNIA. 


<P  =  S?*"  57' '9. 


A.  =  119°  19^*3  West  of  Greenwich. 


Results  for  azimuth  from  observations  of  Polaris  at  various  hour  angles. — ^The  50- 
centimetre  direction  theodolite  was  mounted  over  the  triangulation  station.  Th?? 
azimuth  mark  was  on  Mount  Hoffmann,  about  13^^  miles  distant.  Observer,  G.  Da- 
vidson; computer,  D.  L.  Hazard.  A  single  result  for  azimuth  is  derived  from  a  set  ol 
observations  consisting  of  4  pointings  on  the  mark,  6  pointings  on  the  star,  reversal  of 
instrument,  6  pointings  on  the  star,  4  pointings  on  the  mark.  Probable  error  of  a  single 
result  =  it  i"'oi. 


Sutntnary  0/ results  for  azimuth  at  Mount  Ccmness^  California, 


Date. 
1890. 

Position. 

Mark 
W.  of  N. 

A 

Date. 

1890. 

Position. 

Mark 
W.  of  N. 

A 

0     '       " 

tf 

0 

/       // 

t> 

Aug.    13 

VI 

129  37  01-96 

-099 

Aug.  ao 

XLV 

129  37  05  24 

-f-2-29 

M 

VII 

02  -55 

—0-40 

21 

XI^VII 

02-98 

+003 

M 

VIII 

02 '00 

-0-95 

21 

III 

02*82 

—0*13 

15 

XV 

02  28 

—0-67 

ai 

XXV 

01*41 

-1-54 

16 

XXI 

04-88 

-HI  "93 

22 

.XII 

36  59  16 

-3 '79 

16 

XXII 

02  53 

-0-42 

22 

XL 

37  03*50 

•fo*55 

17 

XXVII 

00 -64 

-2-3> 

23 

XIII 

00  32 

-2*63 

17 

XXVIII 

03  46 

+0-51 

23 

XVII 

04*16 

+1*21 

18 

XXIX 

02-8l 

-0-I4 

23 

XIX 

03  -16 

•fO*2I 

18 

XXXIII 

04- 76 

+  i-8i 

24 

XXXI 

05-34 

+2*39 

18 

XXXIV 

04-81 

+  1-86 

24 

XUI 

02-28 

—0*67 

19 

XXXVI 

o»"95 

—  I  00 

25 

X 

02  35 

—0*60 

19 

XXXIX 

04-11 

+  I-16 

25 

IV 

03-60 

+0-65 

19 

I 

05  14 

+2-19 

26 

XXIII 

02-89 

— o-o6 

20 

XLIV 
Mean 

03  67 

-HO -72 

26 

XXXVIIl 

0      /         , 
129  37  02 

•95 

0173 

ff 
-+-0-19 

— 1*22 

Diurnal  aberration 

—  0 

•32 

Azimuth  of  Mark 

50  22  57  '37 

d=o*l9 

Angle  between  Mark  and  Round  Top 

92  16  21 

•83 

Azimuth  of  Round  1 

'op 

142  39  19 

•20 

(62)    LAKE  TAHOK,    SOUTHEASTERN   END.    CALIFORNIA. 


<P  =  38°57'-3. 


A.  =  1 19°  56^7  West  of  Greenwich, 


Results  for  azimuth  from  obser-vations  of  B,  A,  C.  416^  near  Western  Elongation 
and  Polaris  near  Eastern  Elongatio7i. — The  5ocentimetr(e  direction  theodolite  No.  115 
was  mounted  on  a  brick  and  stone  pier  near  the  California- Nevada  boundary  line,  on 
the  southeastern  shore  of  Lake  Tahoe.  The  azimuth  mark  was  near  the  Tallac  House, 
nearly  6  miles  distant  across  the  lake.  Observer,  G.  Davidson;  computer,  D.  L. 
Hazard.  A  single  result  for  azimuth  is  derived  from  a  set  of  observations  consisting  of 
5  pointings  on  the  mark,  6  pointings  on  the  star,  reversal  of  instrument,  6  pointings  on 
the  star,  5  pointings  on  the  mark.  Probable  error  of  a  single  result  from  B.  A.  C. 
4165  =  =fco"*29,  and  for  Polaris  (rejecting  the  first  set)  =  zbo"*39.  The  apparent 
declinations  of  B.  A.  C.  4165  given  in  the  Connaissance  des  Temps  were  diminished  by 


■v^ 


^r 
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o"*2,  in  accordance  with  a  redetermination  of  the  mean  declination  from  all  available 
catalogues. 

Sumntary  0/  results  for  azimuth  at  Lake  Tahoe^  California. 


B. 

A.  C.  4i'i5. 

• 

I 

'olaris. 

Date. 
1893. 

Position. 

Mark 
W.  of  S. 

A 

Date, 

1893- 

Position. 

Mark 
W.  of  S. 

A 

0     '       /' 

// 

0    / 

// 

»/ 

Aug     32 

I 

71  33  59  "22 

-014 

Aug. 

22 

I 

71  33 

[62  -81] 

Rejected 

23 

II 

59 -28 

-008 

23 

III 

59  53 

+017 

24 

IV 

59  92 

+056 

24 

V 

58-83 

-053 

27 

VI 

5982 

+0-46 

27 

VII 

59-08 

-0-28 

28 

VIII 

5998 

-(-0-62 

28 

IX 

59-38 

+0*02 

29 

X 

59-87 

+0-51 

29 

XI 

57  82 

-1-54 

30 

XII 

60  37 

+  1*01 

30 

XIII 

59-19 

-017 

31 

XIV 

59  63 

+0-27 

31 

XV 

59-59 

+023 

Sept.    I 

XVI 
Mean 

59  05 

-0-31 

Sept 

I 

XVII 
Mean 

71  33 

58-89 
59 -04 

-047 

71  33  59 '68 

0      / 

// 

// 

Mean  of  two  stars 

71  33  59  '36 

-+-o*io 

Diurnal  aberration 

-f  032 

Azimuth  of  Mark 

71  33  59*68 

-+-o*io 

Angle 

between  Mark  and  Folsom  Peak 

106  22 

19-4 

Azimuth  of  Folsom  Peak 

177  56 

19   I 

(63)    ROUND  TOP,    CALIFORNIA. 


<P  =  38^  39^-8. 


X  —  120°  00' •  I  West  of  Greenwich. 


Results  for  azimuth  from  observations  of  B.  A,  C.  4165  near  Western  Elongation  and 
Polaris  near  Eastern  Elongation, — The  50-centinietre  direction  theodolite  No.  115  was 
mounted  over  the  triangulation  station.  The  mark  was  5 '9  miles  distant.  Observer, 
G.  Davidson;  computers,  James  Main  and  A.  Ziwet.  A  single  result  for  azimuth  is 
derived  from  a  set  of  observations  consisting  of  5  or  6  pointings  on  the  mark,  followed 
by  6  pointings  on  the  star,  then  reversal  of  instrument  and  similar  pointings  on  star  and- 
mark.  Probable  error  of  a  single  result — for  B.  A.  C.  4165  =  dzo"*35  and  for  Polaris 
=  ifco"'55.  The  apparent  places  of  Polaris  were  taken  from  the  American  Ephemeris 
and  of  B.  A.  C.  4165  from  the  Connaissance  des  Temps.  A  redetermination  of  the 
declination  of  the  latter  star  from  all  available  catalogues  gave  a  value  o"'32  smaller 
than  the  one  given  in  the  Connaissance  des  Temps.  The  resulting  azimuth  has  been 
corrected  accordingly. 
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Summary  of  results  for  azimuth  at  Round  Top,  California, 


B.  A.C.4165. 


Polaris. 


Date. 

1879. 

Position. 

Mark 
W.  of  N. 

A 

Date, 

1879. 

Position. 

Mark 
W.  of  N. 

A 

0    /      // 

// 

0    /      // 

// 

Aug.  23 

V 

27  33  23-10 

+005 

Aug. 

20 

IV 

27  33  23  34 

+0-59 

24 

II 

23  "14 

+0-09 

23 

VI 

2245 

--0-30 

25 

VII 

23 '57 

+0-52 

24 

III 

22-71 

—0-04 

26 

IX 

22-89 

— o-i6 

25 

VIII 

21*64 

-i-ii 

28 

XI 

23-63 

+0-58 

26 

X 

22-89 

+o'i4 

30 

XVI 

21  79 

-1-26 

28 

XII 

24  23 

+1-48 

31 

XVIII 

22-80 

—0-25 

29 

XIV 

21-18 

-I  57 

Sept.    I 

I 

23  04 

— O'OI 

30 

XV 

22-64 

-o-ii 

2 

XXII 

23-16 

+0-11 

31 

XVII 

22 '06 

-0-69 

3 

XIX 

23-85 

+0-80 

Sept. 

I 

XXIII 

22-54 

—0-21 

4 

11 

22-71 

-0-34 

2 

XXI 

23-85 

+  I-IO 

5 

X 

22-87 

-o'i8 

3 

4 

XX 

IV 

23  23 
22  59 

+0-48 
— o'i6 

Mean 

5 

VI 
Mean 

23-20 

+0-45 

27  33  23-05 

±0-10 

2733  22-75 

±0-15 

Corrected  for  change  in  5,   23*46 

Mean  of  two  stars  27  33  22  "90  ±  o  '09 

Diurnal  aberration  —  o  "32 

Azimuth  of  Mark  152  26  37  "42  ±0  '09 

Angle  between  Mount  Helena  and  Mark  61  27  43  '65 

Azimuth  of  Mount  Helena  90  58  53  77 

(64)    MOUNT  LOLA,  CALIFORNIA. 

(p  =  39O  26'' 'o.  A.  =  120°  2 1 ''•9  West  of  Greenwich. 

Results  for  azimuth  from  obser-oations  of  Polaris  near  Eastern  Elotigation  and  B,  A,  C 
4,165  near  Western  Elongation. — The  50-centimetre  direction  theodolite  No.  115  was 
mounted  over  the  triangulation  station.  The  azimuth  mark  was  on  the  summit  of 
Webber  Hill,  5*3  miles  distant.  Observer,  G.  Davidson;  computers,  James  Main  and 
A.  Ziwet.  A  single  result  for  azimuth  is  derived  from  a  set  of  observations  consisting 
of  4  to  6  pointings  on  the  mark  followed  by  6  or  7  pointings  on  the  star,  then  reversal 
of  instrument  and  similar  pointings  on  .star  and  mark.  Probable  error  of  a  single 
result  for  B.  A.  C.  4165  =  dio"*7i  and  for  Polaris  =  =fco"7o.  The  apparent  places 
for  Polaris  were  taken  from  the  American  Ephemeris,  those  of  B.  A.  C.  4165  from  the 
Connaissance  des  Temps.  A  redetermination  of  the  declination  of  B.  A.  C.  4165  from 
all  available  catalogues  gave  a  value  ©".32  smaller  than  the  one  given  in  Connaissance 
des  Temps.     The  resulting  azimuth  has  been  corrected  accordingly. 


.  K.AXMC3\ 

Summary  of  results  for  azimuth  at  Mount  Lola^ 

1      V        .*\z;.iivj.i 
California, 

u  ixio« 

B.  A. 

C.  4165, 

Polaris. 

Date, 
1879. 

Position. 

Mark 
W.  of  N. 

A 

Date. 
1879. 

Position. 

Mark 

W.  of  N. 

A 

0    '       // 

// 

0    / 

It 

n 

July    9 

XIX 

52  44  59 '83 

—I -18 

July 

9 

XVIII 

5244 

61  00 

—0-52 

13 

XXI 

60-50 

-0-5T 

13 

XX 

59  "51 

—  2-01 

14 

XXII 

60  "17 

-0-84 

14 

I 

60-31 

—  I    21 

15 

XXIII 

61  15 

+0-14 

15 

II 

62  37 

+085 

16 

XI 

61  06 

+0-05 

16 

III 

61-46 

-006 

17 

IV 

5956 

-I '45 

17 

V 

62  06 

+0-54 

18 

XV 

62  05 

+104 

18 

XIV 

60-85 

-0-67 

19 

XVII 

60  39 

— 0*62 

19 

XVI 

62*04 

+0-52 

ao 

XIII 

59*97 

-104 

20 

XII 

60-77 

-0-75 

21 

X 

63  10 

+2  09 

21 

IX 

61*19 

-033 

22 

VlII 

61-17 

+o-i6 

22 

VII 

6269 

+  I-I7 

23 

VI 

62 -26 

+  I'25 

23 

XIX 

63  14 

+  1-62 

24 

XXI 

Mean 

61-88 

+0-87 

d-0"20 

24 

XXII 
Mean 

62-34 

+0-82 

52  44  61  -oi 

52  M 

\  61  -52 

±0-19 

0      / 

// 

// 

0       / 

ff 

// 

793 


Correction  for  change  in  d  +0*41 

52  44  61  "42   ±0*20 
Mean  of  two  stars 
Diurnal  aberration 
Azimuth  of  Mark 

Angle  between  Mount  Helena  and  Mark 
Azimuth  of  Mount  Helena 


52  45  01  '47   d:OT4 

—0-32 
127  14  58-85  dbo-i4 

59  52  56  45 
67  22  02  -40 


(65)  MOCHO,  CALIFORNIA. 

(p  =  370  28' '6.  A.  =  121°  33^ '4  West  of  Greenwich. 

Results  for  azimuth  front  observations  of  Polaris  near  Eastern  Elongation  and  6  Ursa 
Minoris  near  Western  Elongation, — ^The  5oceiitimetre  direction  theodolite  No.  115  was 
mounted  over  the  triangulation  station.  The  azimuth  mark  was  at  Livermore  Moun- 
tain, about  9  miles  distant.  Observer,  J.  S.  Lawson;  computer,  D.  L.  Hazard.  A 
single  result  for  azimuth  is  derived  from  a  set  of  observations  consisting  of  5  pointings 
on  the  mark,  6  pointings  on  the  star,  followed  by  reversal  of  instrument  and  then  the 
same  number  of  pointings  on  star  and  mark  in  the  reverse  order.  Probable  error  of  a 
single  result  =  ±  i"o4. 

Summary  of  results  for  azitnuth  at  Mocha ^  California, 


Date, 

1887. 

Position. 

Stor. 

Mark 
W.  of  N. 
0    /       // 

A 
tf 

Date. 

1887. 

Position. 

star. 

Mark 

W.  of  N. 

D      '          tf 

A 

rpt     7 

VI 

Polaris 

20  40  47  -08 

+0-59 

Sept.  20 

XXI 

Polaris 

10  40  46   52 

-I -15 

8 

VII 

47-63 

—0-04 

23 

XXII 

44% 

—2 '81 

9 

VIII 

49 -26 

+i'59 

24 

XXIII 

45  90 

-I '77 

10 

X 

50-26 

+259 

25 

I 

47  96 

+029 

XI 

XI 

44 '95 

-272 

26 

II 

4884 

+  I-I7 

12 

XII 

5089 

+3  "22 

27 

III 

47  36 

-0-31 

13 

IX 

48  54 

+0-87 

28 

IV 

4809 

+042 

14 

XIV 

47  37 

—0-30 

28 

V 

a  Urs.  Min. 

47*45 

—0*22 

15 

XIII 

48-09 

+0-42 

29 

XVII 

Polaris 

4646 

~I*2I 

16 

XVI 

49  oS 

+  1-41 

30 

XVIII 

4708 

^0-59 

18 

XIX 

46 '94 

-073 

30 

XV 

45*75 

-I   92 

19 

XX 

4965 

+  1-98 

Oct.      I 

VI 

0     / 

//            // 

48-07 

+040 

Mean 

20  40  47*67    dzO*2I 

Diurnal  aberration 

-0 

•32 

Azimuth  of  Mark 

159   19 
14   21 

12 

•65    dbO-2I 

•89 

Angle  tietween  Mount  Diablo  and  Mark 

36 

Azimuth  of  Mount  Diablo 

144  57 

35 

76 
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(66)    SOUTHEAST   YOLO   BASE,  CALIFORNIA. 

,^  =  38°  31^-6.  A  =  121°  48^-0  West  of  Greenwich. 

Results  for  azimuth  from  obse9vations  of  B,  A.  C.  4/6^  near  Western  Elongation  and 
Polaris  near  Eastern  Elongation, — The  5ocentimetre  direction  theodolite  No.  115  was 
mounted  over  the  triangulation  station  at  the  southeast  end  of  the  Yolo  Base.  The 
mark  was  at  the  other  end  of  the  base,  nearly  1 1  miles  distant.  Observer,  G.  Davidson; 
computers,  A.  S.  Christie  and  A.  Ziwet.  A  single  result  for  azimuth  is  derived  from  a 
set  of  observations  consisting  of  5  pointings  on  the  mdrk  followed  by  6  pointings  on  the 
star,  then  reversal  of  instrument  and  similar  pointings  on  star  and  mark.  Probable 
error  of  a  single  result  for  B.  A.  C.  4165  =  d=o"*79  and  for  Polaris  =  d=o"*75.  The 
apparent  places  of  Polaris  were  taken  from  the  American  Ephemeris  and  of  B.  A.  C. 
4165  from  the  Connaissance  des  Temps.  A  redetermination  of  the  declination  of  the 
latter  star  from  all  available  catalogues  gave  a  value  o"*33  smaller  than  the  one  given 
in  the  Connaissance  des  Temps.     The  resulting  azimuth  has  been  corrected  accordingly. 

Suvimary  of  results  for  azimuth  at  Southeast  Yolo  Base  ^  California. 


• 

B.  A. 

C.  4165. 

Polaris. 

Date, 

iSSo. 

Position. 

Mark 
W.  of  N. 

.   1 

Date. 

1H80. 

Positioi 

Mark 
'•        W.  ot  N. 

A 

0     /       /' 

0 

/     II 

ti 

July   25 

VI 

16  53  49 '22 

+  I-70 

July 

»5 

VII 

16 

52  47  '61 

+  1-40 

36 

VIII 

48-82 

+  1-30 

26 

IX 

46-71 

+050 

27 

X 

47-81 

+029 

27 

XI 

44  90 

-i"3> 

28 

XII 

46  06 

-I  -46 

28 

XIII 

46  70 

+049 

29 

XIV 

48  02 

-ho  -50 

29 

XV 

46  60 

+0-39 

30 

XVI 

45  63 

-1-89 

30 

XVII 

46-30 

+009 

31 

XIX 

46  92 

— o-6o 

31 

XVIII 

47  '9 

+098 

Aug.     I 

XXI 

48-05 

+o'53 

Aug. 

I 

XX 

45 '34 

-0-87 

3 

XXII 

48-69 

+  I-I7 

2 

XXIII 

44  01 

-2-20 

I 

I 

477S 

-}-o-26 

3 

II 

47-58 

+  1-37 

4 

III 

45  96 

-156 

4 

IV 

45  38 

-0-83 

5 

v 

Mean 

47  "31 
16  52  47  '52 

-0-21 
•  0-23 

5 

VI 
Mean 

46-23 

+0"02 

16 

52  46 -21 

±0-22 

ted  for  cl 

tiange  in  5 

16°  52'  47 

''  "93 

0 

/          // 

// 

Mean  of  two  stars 

16  : 

52  47  -07 

ifco- 

16 

Diurnal  aberration 

I 

032 

Azimuth  of  N.  W. 

Yolo  Base 

163  ( 

07  13*25 

-1-0 

16 

(67)    NORTHWEST   VOLO   BASE,    CAUFORNIA. 

cp  =  38°  40^*6.  A  =  121°  5 1^*5  West  of  Greenwich. 

Results  for  azimuth  from  observations  of  B,  A.  C.  4.165  near  Western  Elofigatian  ana 
Polaris  near  Eastern  Elo?igation.  The  50-centimetre  direction  theodolite  No.  115  was 
mounted  over  the  triangulation  station  at  the  northwest  end  of  the  Yolo  Base.  The 
azimuth  mark  was  at  the  other  end  of  the  base,  nearly  1 1  miles  distant.  Observer, 
G.  Davidson;  computers,  A.  S.  Christie  and  A.  Ziwet.  A  single  result  for  azimuth  is 
derived  from  a  set  of  observations  consisting  of  5  pointings  on  the  mark  followed  by  6 
pointings  on  the  star,  then  reversal  of  instrument  and  similar  pointings  on  star  and 
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mark.  Probable  error  of  a  single  result  from  B.  A.  C.  4i65  =  ifco*"66  and  from 
Polaris  =  it  o"  '63.  The  apparent  places  of  Polaris  are  taken  from  the  American 
Ephemeris;  those  of  B.  A.  C.  4165  from  the  Connaissance  des  Temps.  A  redetermina- 
tion of  the  declination  of  the  latter  star  from  all  available  catalogues  gave  a  value  of 
o"'33  smaller  than  the  one  given  in  the  Connaissance  des  Temps.  The  resulting 
azimuth  has  been  corrected  accordingly. 

Summary  0/ results  for  azimuth  at  Northwest  Yolo  Base^  California. 

B.  A.  C.  4165.  Polaris. 


Date, 

1880. 

I'ositton. 

Mark 
E.of  N. 

A 

Date, 

1880. 

Position. 

Mark, 
E.  of  N. 

A 

0     /       // 

tt 

u 

1 

// 

// 

Aug.  19 

I 

:63  05  00  72 

—0*96 

Aug.  19 

II 

163 

05 

00*71 

-1*70 

20 

IV 

00  "02 

-1*66 

-20 

V 

03*16 

+0*75 

21 

VI 

01  "02 

-0-66 

21 

VII 

03  60 

+1-19 

22 

viii 

02 '91 

+  I'23 

22 

IX 

03  52 

4-1  "11 

23 

X 

02 '12 

+o*44 

23 

XI 

02*95 

+0*54 

24 

XII 

02*28 

+o*6o 

24 

XIII 

02*50 

+009 

25 

XIV 

01  99 

+0*31 

25 

XV 

02*07 

-034 

26 

XVII 

01*09 

-o"59 

26 

XVI 

02*39 

— 0*02 

27 

XIX 

02*96 

+  1-28 

27 

XVIII 

01  *69 

-072 

28 

XX 

02 -88 

+  i'2o 

28 

XXI 

03 '33 

+0*92 

29 

XXII 

00  84 

-0*84 

29 

XXIII 

01*56 

-0-85 

30 

III 

Mean 

01  '29 

-039 

drO*19 

30 

VII 
Mean 

01  *42 

-o*99 

163  05  01  '68 

163 

05 

02*41 

±0*18 

^d  for  ch 

ange  in  6 

163°  05' 

01'"  -27 

0       / 

// 

/f 

Mean  of  two  stars 

163  05 

01  -84 

±0' 

13 

Diurnal  aberration 

r  0  -32 

Azimuth  of  S.  E.  Yolo  Rase 

343  05 

02  -16 

dio 

•13 

II.    WESTERN  OR   COAST   RANGE  SERIES. 


(68)    MOUNT   DIABU),  CALIFORNIA. 


<P  =  37°  52^*8. 


A  =  121°  54'' '9  West  of  Greenwich. 


Results  for  azimuth  from  observations  0/  Polaris  near  Easlem  Elongation  and  B,A,  C 
4165  near  Western  Elongation. — The  5ocentinietre  direction  theodolite .  No.  5  was 
mounted  over  the  triangulation  station.  The  azimuth  mark  was  6^'  miles  distant. 
Observer,  G.  Davidson;  computers,  James  Main  and  A.  Ziwet.  A  single  result  for 
azimuth  is  derived  from  a  set  of  observations  consisting  of  4  pointings  on  the  mark, 
4  pointings  on  the  star,  then  reversal  of  instrument  and  4  more  pointings  on  the  star, 
concluding  with  4  pointings  on  the  mark.  Probable  error  of  a  single  result  for  B.  A.  C. 
4165  =  rt:  o"*59  and  for  Polaris  =  ±  o"*38.  The  apparent  places  for  Polaris  were  taken 
from  the  American  Ephemeris  as  usual.  For  B.  A.  C.  4165  recourse  was  had  to  the 
Connaissance  des  Temps.  Subsequently  the  mean  declination  of  the  latter  star  was 
determined  from  all  available  catalogues  and  a  result  obtained  which  was  o"*29  smaller 
than  that  given  in  the  Connaissance  des  Temps.  A  correction  corresponding  to  this 
difference  was  applied  to  the  azimuth  deduced  from  the  observations  on  B.  A.  C.  4165. 
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Summary  of  results  for  azimuth  at  Mount  Diablo  y  California, 


Date, 

1876. 


B.  A.  C.  4165  near  Western  Elongation. 
Position. 


Mark 
W.  of  N. 


July 

28 

XI 

Aug. 

I 

I 

3 

IV 

4 

XXI 

5 

V 

7 

XIII 

8 

XIX 

9 

II 

10 

XIV 

II 

X 

12 

XXIII 

15 

XVII 

15 

XVI 

o     /  // 

9  42  25  20 

27-40 
26-51 
26-87 
24-61 
26-78 
26-52 
27*21 

2575 
26-60 
27-10 

26  45 
25  18 


Mean 


9  42  26  -32 


—  1  -12 

+  i"o8 
+0-19 
+0-55 
-I -71 
+0-46 

4-0  "20 
+0-89 

-O57 
+  0-28 

+0-78 

+0-13 

-I'M 
-to -17 


// 


Polaris  near  Eastern  Elongation. 


Date, 

1876. 


July  27 

28 

Aug.     I 

3 
4 
5 
7 
8 

9 
10 

II 

12 

15 


Correction  for  change  in  5  -^  o  '43 

9  42  26  75 
Mean  of  two  stars 
Diurnal  aberration 
Azimuth  of  Mark 

Angle  between  Mount  Helena  and  Mark 
Azimuth  of  Mount  Helena 


Position. 

IX 
XI 

I 

V 
XXII 

VI 

VII 

XX 

III 

XII 

VIII 

XVIII 

XV 

Mean 


Mark 
W.  of  N. 

o     /         " 
9  42  27-41 

25 '91 
26  20 

25*64 
26-68 
25-72 

25  64 
26-70 

25  84 

25  43 
26-44 

45  90 

26-36 


0    / 

. 

ff 

// 

9  42 

26 

•44 

d=o 

•10 

-0 

•32 

170  17  33 

•88 

25  49 

18 

•02 

144  28 

15 

•86 

It 

+  I'27 

-0-23 
+006 
-o  50 

+o'54 
-0-42 
-050 
+0-56 
-0-30 
-0-71 
+0-30 
—0-24 
+0-22 


9  42  26  •r4  ±0-10 


<p  =  38°  22'''4. 


(69)    VACA,  CAWFORNIA. 

A  =  122°  05'T  West  of  Greenwich, 


Results  for  azimuth  from  observations  of  d  Ursis  Minoris  near  Western  Elongation  and 
5/  Cephei  near  Eastern  Elongation. — The  50centinietre  direction  theodolite  No.  15  was 
mounted  over  the  triangulation  station.  The  azimuth  mark  was  at  Southeast  Yolo  Base, 
about  1 8 '6  miles  distant.  Observer,  G.  Davidson;  computers,  A.  S.  Christie  and  A. 
Ziwet.  A  single  result  for  azimuth  is  derived  from  a  set  of  observations  consisting  of  5 
pointings  on  the  mark,  6  pointings  on  the  star,  reversal  of  instrument,  6  pointings  on 
the  star,  5  pointings  on  the  mark.  Probable  error  of  a  single  result  =  it  i"*37  for  6 
Ursae  Minoris  and  it  i" '35  for  51  Cephei. 
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Summary  of  results  for  azimuth  at  Vaca,  California, 


» 

<  Ursse  Minons. 

51  Cephei. 

Date, 
x88o. 

Position. 

Mark 

E.  of  N. 

A 

Date, 
1890. 

Position. 

Mark 
K.of  N. 

A 

o     /         ft 

// 

0     /      /' 

// 

JV.         I 

II 

55  38  39 "26 

+2  98 

Nov. 

I 

Ill 

55  38  38  05 

+2  08 

3 

IV 

3575 

-0-53 

3 

V 

36*29 

+032 

5 

VI 

37-" 

+083 

5 

VII 

35*13 

-0-84 

7 

X 

36  05 

— 0-23 

6 

IX 

34-56 

-1*41 

8 

XII 

37 '34 

+  i-o6 

7 

XI 

35-15 

—0-82 

9 

XIV 

38 '43 

+2  15 

8 

XIII 

36  39 

+0-42 

lO 

XVI 

34-58 

-170 

9 

XV 

35*67 

—030 

II 

XVIII 

35  32 

— 0*96 

10 

XVII 

32  34 

-3-63 

13 

XX 

35*99 

--0'29 

II 

XIX 

37*13 

+  I-16 

'3 

XXII 

3809 

+  i'8i 

12 

XXI 

35*55 

-042 

H 

VIII 

35  95 

-0-33 

13 

XXIII 

36-74 

+077 

24 

XVII 
Mean 

31*55 

-4  73 

14 
24 

I 

XIX 

4058 
34*03 

+4*61 

55  38  36*28 

±039 

-1-94 

Mean 

55  38  35  -97 

:to-38 

0 

/         // 

ff 

Mean  of  two  stars 

55  38  36  -12 

±0*27 

Diurnal  aberration 

-:-o  -32 

Azimuth  of  Southeast  Yolo  Base 

235  38  36  '44 

rbO-27 

(70)    MONTlCKI*I.O,    CAWFORNIA, 

<p=z  38°  39' '8.  X  =  122°  II ''•4  West  of  Greenwich, 

/Results  for  azimuth  from  observations  of  d  Ursa  Minoris  near  Western  Elongation 
and ^i  Cephei  near  Eastetn  Elongation, — The  50centimetre  direction  theodolite  No.  115 
was  mounted  over  the  triangulation  station.  The  mark  was  at  Mount  Helena,  about 
24  miles  distant.  Observer,  G.  Davidson ;  computers,  A.  S.  Christie  and  A.  Ziwet.  A 
single  result  for  azimuth  is  derived  from  a  set  of  observations  consisting  of  5  pointings 
on  the  mark,  6  pointings  on  the  star,  reversal  of  instrument,  6  pointings  on  the  star,  5 
pointings  on  the  mark.  Probable  error  of  a  single  result  =  it  i"-2i  for  (^  Ursae  Minoris 
and  rto"*77  for  51  Cephei. 

Summary  0/  results  for  azimuth  at  Monticello^  California, 


I  Ursa: 

Minoris. 

51  Cephei. 

Date, 
1880. 

Position. 

Mark 
W.  of  N. 

A 

i.     » 

Date, 

1880. 

Position. 

w 

Mark 
'.  of  N. 

A 

0     /       ti 

If 

0 

/       // 

It 

Sept. 

27 

VII 

8«  55  35  37 

+067 

Sept.  27 

VIII 

as 

55  35*53 

+015 

28 

IX 

34  89 

+0-19 

28 

X 

35 'lo 

— 0-28 

29 

XI 

32  60 

—2   ID 

29 

XII 

34*91 

-0-47 

30 

XIII 

33-2' 

-1*49 

30 

XIV 

36  06 

+068 

Oct. 

I 

XV 

34-76 

+006 

Oct.      I 

XVI 

36-33 

+095 

3 

XVIII 

35  74 

+104 

3 

XVII 

35-01 

-037 

5 

XX 

37-46 

+2-76 

5 

XIX 

37-54 

+2 -16 

6 

XXI 

38  06   • 

+3-36 

6 

XXII 

35-93 

+o*55 

8 

XXIII 

32  10 

—  2  60 

8 

I 

34*46 

—0*92 

9 

II 

34*17 

-053 

9 

III 

33*07 

-2-31 

10 

IV 

33-73 

-0-97 

10 

V 

36-08 

+070 

12 

VI 
Mean 

34  SI 
8S  55  34  -70 

-039 

12 

VII 
Mean 

88 

34*52 

-086 

-HO -35 

55  35*38 

dbO*22 

0      / 

//             // 

Mean  of  two  stars 

8855 

35  "04  ±0 

•21 

Diurnal  aberration 

—  0-32 

Azimuth  of  Mount  Helena      91  04  25  -28 


798 


UNITED  STATES  COAST  AND  GEODETIC  SURVEY, 


(71)    MOUNT  TAMAI.PAIS,    CAWFORNIA. 

tp  =  370  55^*3.  X  =  122°  35'' -8  West  of  Greenwich. 

Restdts  for  azimuth  from  obsefvations  of  B,  A,  C,  416^  near  Western  Elongation  and 
Polaris  near  Eastern  Elongation. — The  50centimetre  direction  theodolite  No.  115  was 
mounted  over  the  triangulation  station.  The  mark  was  at  Mount  Diablo,  37*3  miles 
distant.  Observer,  G.  Davidson ;  computers,  A.  S.  Christie  and  A.  Ziwet.  A  single 
result  for  azimuth  is  derived  from  a  set  of  observations  consisting  of  5  pointings  on  the 
mark,  6  pointings  on  the  star,  reversal  of  instrument,  6  pointings  on  the  star,  5  pointings 
on  the  mark.  Probable  error  of  a  single  result  =  ±o"*6i  for  B.  A.  C.  4165  and  zfco"*56 
for  Polaris.  The  apparent  places  of  Polaris  were  taken  from  the  American  Ephemeris 
and  of  B.  A.  C.  4165  from  the  Connaissance  des  Temps.  A  redetermination  of  the 
declination  of  the  latter  star  from  all  available  catalogues  gave  a  value  o"'35  smaller 
than  the  one  given  in  the  Connaisance  des  Temps.  The  resulting  azimuth  has  been 
corrected  accordingly. 

Summary  of  results  for  azimuth  at  Mount  TatnaJpais^  California, 


B.  A.  C.  4165. 


Polaris. 


Date, 

1882. 

Position. 

Mark 
U.  of  N. 

0    /        /' 

Pt.      5 

XI 

94  15  H"44 

6 

XIII 

13  71 

12 

XVII 

13-38 

13 

XIX 

13 -88 

19 

XXII 

15  "35 

20 

XVI 

15 '44 

21 

I 

16  23 

22 

V 

1470 

26 

IX 

16 '10 

t.        4 

VIII 

14-90 

7 

II 

14*25 

8 

VI 

14  71 

Mean 


94  15  1476 


--0-32 

-I -05 

-1-38 
-088 

+0-59 
4-o'68 

+  i"47 
— 006 

+  1*34 
+0-14 

-0-51 
-0-05 

4:Ol8 


Date, 

1SS2. 


Sept.    5 

6 

12 

13 
19 
20 
21 
22 
26 
4 

7 
8 


Oct. 


Position. 

XII 
XVIII 

XIV 

XX 

XXI 

XV 
XXIII 

IV 
X 

VII 

III 

IV 
Mean 
// 


Mark 
E.  of  N. 

O      I  It 

94  15  13  98 
15 '62 

15  64 
15  "37 
15 '21 
16-50 
15  26 
15  "44 

15  36 
16 -89 

1574 
14-01 


94  15  15  "42 


// 
-I '44 

+0-20 
+0-22 
— 0-05 
— 0"2I 

+i*o8 
— 0*16 

+0'02 
-0*06 

+1*47 
+0*32 

-1-41 

±o-i6 


// 


Corrected  for  change  in  S  14  '25 

Mean  of  two  stars  94  15  14  '84 

Diurnal  aberration  -f  o  "32 

Azimuth  of  Mount  Diablo  274  15  15  '14 


±0-15 


(72)    MOUNT  HELENA,  CAUFORNI.\. 


<p  =  38°  40^*0. 


X  =  122°  38^  o  West  of  Greenwich. 


Results  for  azimuth  from  observations  of  S  Ursce  Minoris  near  Western  Elongation  ana 
^i  Cephci  near  Eastern  Elongatiofz.—T\iQ  50-centimetre  direction  theodolite  No.  5  was 
mounted  over  the  triangulation  station.  The  azimuth  mark  was  about  'jYi  miles  distant 
in  the  direction  of  Middleton.  The  Hassler  telescope  was  also  mounted  as  a  collimator 
for  experimental  purposes,  but  it  did  not  give  results  as  satisfactory  as  the  ordinary 
mark.  Observ^er,  G.  Davidson;  computers,  James  Main  and  A.  Ziwet.  A  single  result 
for  azimuth  is  derived  from  a  set  of  observ'ations  consisting  of  4  to  6  pointings  on  the 
mark,  4  pointings  on  the  star,  then  reversal  of  instrument  followed  by  similar  pointings 
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on  star  and  mark.  Probable  error  of  a  single  result  from  S  Ursae  Minoris  =  d=o"'5i 
and  from  51  Cephei  =  zfc  o"'68.  The  apparent  places  of  the  stars  were  taken  from  the 
American  Ephemeris,  with  corrections  to  the  right  ascensions  and  with  a  correction  to 
the  declination  of  51  Cephei  derived  from  a  redetermination  from  the  best  available 
catalogues. 

Summary  of  results  for  azimuth  at  Mount  Heletta^  California. 


h  Ursse  Minoris  near  Western  Elongation. 


51  Cephei  near  Eastern  Elongation. 


Date, 

1876. 

Position. 

Mark 
E.  of  N. 

A 

Date, 

1876. 

Position. 

Mark 
B.  of  N. 

A 

0  /      // 

// 

0 

/       // 

n 

5ct.    12 

XIII 

9  18  13 '85 

+0-I7 

Oct. 

13 

XIV 

9 

18  15-24 

+0-51 

13 

XV 

13 '95 

+0-27 

14 

XI 

14-19 

-0-54 

14 

XII 

14-52 

-fo-S4 

18 

XVII 

16-59 

+1-86 

18 

XVI 

14*15 

+0-47 

22 

XXII 

13*17 

-156 

23 

XXI 

14' 10 

-1-0-42 

23 

I 

13-98 

-075 

23 

XXIII 

1377 

+0-09 

29 

IX 

16 -16 

+  1-43 

29 

X 

12-22 

-I  46 

31 

VII 

14-72 

— C-QI 

3» 

VIII 

12-50 

-I -18 

Nov. 

1 

V 

14-91 

+0-I8 

•^OV.      I 

VI 

13 '51 

-0-17 

2 

III 

14-77 

-fo-04 

2 

IV 

12-99 

— 069 

5 

XX 

14-51 

— 022 

5 

II 

1398 

+0-33 

6 

XIX 

13-78 

-0-95 

6 

XVIII 
Mean 

14  63 

+0-9S 
±0-15 

Mean 

9 

9  18  13-68 

i'^  14-73 

±0'20 

0       / 

ff              // 

f 

IM 

lean  of  two 

stars 

9  18 

14 

•20   ztO 

•13 

D 

iunial  aberration 

4-0 

•32 

A 

ziniuth  of  Mark 

189   18 

14-52  -<-o 

■13 

A 

ngle  between  Mark  and  Mount  Diablo 

134  43 

10 

•54 

A 

zimuth  of  Mount  Diablo 

324  01 

25 

•06 

<p 


(73)    PAXTON,    CAWPORNIA. 

39°  08'' -o.  A  =  123°  ly -8  West  of  Greenwich. 


.  Results  for  azimuth  from  observations  of  Polaris  at  variotis  hour  angles. — ^The  50- 
centimetre  direction  theodolite  No.  115  was  mounted  over  the  triangulation  station. 
The  mark  was  about  i^  miles  distant.  Observer,  C.  H.  Sinclair;  computer,  D.  L. 
Hazard.  A  single  result  for  azimuth  is  derived  from  a  set  of  observations  consisting  of 
2  pointings  on  the  mark,  3  pointings  on  the  star,  reversal  of  instrument,  3  pointings  on 
the  star,  2  pointings  on  the  mark.     Probable  error  of  a  single  result  =  dc  o"79. 
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Date, 

1897. 


Nov.  3 

3 

Oct.  28 

28 

Nov.  3 

5 
Oct.  28 

28 

Nov.  5 

5 
Oct.  29 

29 
29 

29 

29 
29 
30 

30 
30 
30 


Sutntnary  0/ results  for  azimuth  at  Paxton^  California. 


Position. 

I 

I 

II 

II 

II 

II 

III 

III 

III 

III 

IV 

IV 

V 

V 

VI 

VI 

VII 

VII 
VIII 
VIII 


Mark 
W.  of  N. 

o     /        " 
37  47  09 '8 

II  '2 
10-3 

10-5 

14-8 

12*2 
107 
10 '6 
12 '6 
10 '3 
10  4 

"•3 
12 '6 

09 '4 
10*9 

08-5 
08 -8 
09  3 
09  3 


Mean  of        . 
position.       ^ 


// 


10  "2 


"•5 
xo-3 
12  "o 

10*2 

oS-6 
09 '3 


tr 


O'O 


117  +i'5 


+  i'3 
+0-I 

+  1-8 

o"o 

-  1-6 

-  09 


Mean 

Diurnal  aberration 

Azimuth  of  Mark 

Angle  between  Mark  and  Mount 

Azimuth  of  Mount  Sanhedrin 


?^7^'      Position. 

Oct.  30  IX 

30  IX 

31  X 
31  X 

31  XI 

3:  XI 

31  XII 

31  XII 

Nov.  I  XIII 

I  XIII 

I  XIV 

I  XIV 
I  XV 

I  XV 

Nov.  3  XVI 

3  XVI 

3  XVII 

3  XVII 

o 

37 

142 

Sanhedrin      61 

203 


Mark 
W.  of  N. 

o      '  ft 

37  47  10 -I 

10 '2 
107 

08  5 
10*8 
10*4 
06-8 
097 
087 
091 
"•5 

13*6 
II 'O 

099 

09  3 
09*2 
08-5 
09 '3 


47  10-17 

—  0*32 

12  50  15 

34  15*65 
47  05  -So 


Mean  of 
position. 

// 

IO'2 

09*6 
10 '6 
09*2 
o8'9 
13  *o 
10 '4 
09*3 
06 '9 

ft 
±018 

±o*i8 


CO 

-0-6 
+04 

—  I  'O 

-»3 
+  1*8 

+0'3 

—  fo 
-1-3 


(C)    SYNOPSIS   OF    RESULTS   OF   ASTRONOMIC    DETERMINATIONS   OF 

AZIMUTH. 


•^o. 

Station  occupied. 

State. 

Year. 

Station  referred  to. 

Azimuth 

(west  of 

south). 

0     /       // 

Proba- 
ble 
error.* 

// 

\_oi  !«:«?• 

tion  for 

variation 

of  pole. 

// 

Result- 
ing 
seconds. 

I 

Cape  Henlopen  I^.  H, 

Del. 

1S97 

Brandywine  Shoal  L.  H. 

»73  45  17-33 

r>:0-21 

+0-31 

17*64 

2 

Principio 

Md. 

1866 

Turkey  Point 

I  34  43  5' 

040 

— o*oi 

43 '50 

3 

Calvert 

Md. 

187 1 

Meekin  Neck 

252  06  08  93 

0-I7 

+0-25 

0918 

4 

Marriott 

Md. 

1R49 

Hill 

96  37  43  36 

0-48 

+004 

43*40 

5 

Webb 

Md. 

1850 

Soper 

88  59  49  24 

0  21 

+014 

49 -3** 

6 

Hill 

Md. 

1850 

Webb 

219  46  57  89 

o'26 

+0'22 

58-11 

•9 

Soper 

Md. 

1850 

Webb 

268  49  23  '46 

029 

+014 

23  60 

S 

Seaton 

D.  C. 

i86fe-6Q 

Hill 

265  32  53  76 

o'i8 

~oi5 

53 'fi* 

9 

Causten 

DC. 

1851 

Soper 

210  54  41  78 

0-37 

-013 

41 '6> 

10 

Siig^ar  Ivoaf 

Md 

1S79 

Bull  Run 

33  29  1679 

0"20 

+o-i8 

16-97 

II 

Maryland  Heights 

Md. 

1870 

Bull  Run 

358430688 

o-i8 

+0-30 

07  18 

12 

Bull  Run 

Va. 

1871 

Peach  Grove 

263  53  2S15 

0'20 

+0-34 

28  49 

13 

Clark  Mount 

Va. 

1S71 

Bull  Run 

202  19  27  77 

018 

+021 

27-98 

'4 

IX)ng  Mount 

Va. 

1S75 

Spear 

223  28  41  74 

023 

—  O'lO 

41-64 

'5 

Elliott  Knob 

Va. 

1S78 

Humpback 

303  25  24  37 

027 

+009 

24  46 

16 

Keeney 

W.Va. 

1880 

Bald  Knob 

257  04  35 '94 

0-21 

-005 

35->*9 

>7 

Piney 

W.  Va. 

1R83 

Gebhardt 

"9  04  31 '53 

0*26 

+0-31 

31-^4 

18 

Gould 

Ohio 

1885 

Howland 

84  49  13  36 

026 

+0-25 

13  "61 

19 

Minerva 

Ky. 

1887 

Ash  Ridge 

210  54  42  47 

028 

—0*09 

42-38 

20 

Reizin 

Ind. 

1889 

Tanner 

276  56  45 "93 

0*32 

+0-09 

46*02 

21 

Weed  Patch 

Ind. 

1RS9 

Fountain 

7  33  21  -14 

0-51 

+0-14 

21    2< 

*  This  dcK's  not  include  the  prol>able  error  of  the  angle  connecting  the  azimuth  mark  with  the  triangulation  station. 
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(C)  SYNOPSIS  OF  RESULTS,   ETC.— Continued. 


No. 


Station  occupied. 


Bute. 


Year. 


Station  referred  to. 


22 

Osborn 

Ind.            1 

1887 

Calvary 

23 

ParkersbuTK 

ni.           1 

1879 

Denver 

24 

Newton 

ni           ] 

t883 

Claremont 

2!> 

Hording 

ni.          ] 

1882 

Geoffrey 

36 

Kleinschmidt 

Mo.              1 

871 

Insane  Asylum 

27 

Bcrger 

Mo. 

1878 

Winter 

28 

Jefferson  City 

Mo.              ] 

1879 

Cedar 

29 

Hunter 

Mo. 

t88o 

Christian 

30 

AdamK 

Kans. 

188S 

Clark 

3» 

Salina  West  Base 

Kans.         ] 

[896 

Salina  East  Base 

32 

Russell  Southeast 

Kans.         ] 

1893 

Ru&sell  North v/est 

33 

Overland 

Colo.           ] 

[88 1 

Eureka 

34 

El  Paso  East  Base 

Colo.           : 

1879 

El  Paso  West  Ba.se 

35 

Pikes  Peak 

Colo.           ] 

'*^5 

Mount  Ouray 

36 

Mount  Ouray 

Colo. 

1894 

Uncompahgre 

37 

Gunnison 

Colo.           1 

>«93 

Uncompahgre 

38 

Treasury  Mountain 

Colo. 

'^3 

Mount  Waas 

39 

Uncompahgre 

Colo.           ] 

1895 

Treasury  Mountain 

40 

Grand  Junction 

Colo.            1 

S95 

Chiquita 

41 

Tavaputs 

Colo.           1 

891 

Patmos  Head 

42 

Mount  Waas 

Utah 

'893 

Mount  Ellen 

43 

Patmos  Head 

Utah           : 

[N90 

Wasatch 

44 

Mount  Ellen 

Utah           1 

.89, 

Patmos  Head 

45 

Wasatch 

Utah 

1890 

Mount  Nebo 

46 

Mount  Nebo 

Utah 

1887 

Tushar 

47 

Salt  I^ke  City 

Utah 

'893 

City  Creek 

48 

Waddoup 

Utah 

1892 

Ogden  Peak 

49 

Ogden  Observatory 

Utah 

1S91 

Ogden  Peak 

50 

Ogden  Peak 

Utah 

l8R<i 

Mount  Nebo 

51 

Antelope 

Utah 

1892 

Deseret 

52 

Promontory 

Utah 

1892 

Ogden  Peak 

53 

Deseret 

Utah 

1892 

Mount  Nebo 

54 

Ibepah 

Utah 

1SS9 

Diamond  Peak 

55 

Pioche 

Nev. 

1KS3 

Tushar 

56 

Pilot  Peak 

Nev. 

1889 

Mount  Nebo 

57 

Diamond  Peak 

Nev. 

1881 

Mount  Callahan 

58 

Mount  Callahan 

Nev. 

18S1 

Carson  Sink 

59 

Toiyabe  Dome 

Nev.            J 

1S80 

Mount  Grant 

60 

Carson  Sink 

Nev. 

t8So 

Mount  Callahan 

61 

Mount  Conness 

Cal.             1 

K90 

Round  Top 

62 

I^ke  Tahoe  Southeast 

Cal. 

r893 

Folsom  Peak 

^^ 

Round  Top 

Cal. 

'879 

Mount  Helena 

64 

Mount  Loin 

Cal. 

1S79 

Mount  Helena 

65 

Mocho 

Cal. 

SS7 

Mount  Diablo 

66 

Southeast  Yolo  Base 

Cal. 

880 

Northwest  Yolo  Base 

67 

Northwest  Yolo  Ba.sc 

Cal.             1 

8S0 

Southeast  Yolo  Ba.se 

68 

Mount  Diablo 

Cal.             1 

876 

Mount  Helena 

69 

Vaca 

Cal. 

1880 

Southeast  Yolo  Base 

70 

Monticello 

Cal. 

1880 

Mount  Helena 

71 

Mount  Tamalpais 

Cal. 

t882 

Mount  Diablo 

72 

Mount  Helena 

Cal. 

1876 

Mount  Diablo 

73 

Paxton 

Cal. 

1897 

Mount  Sanhedriu 

Azimuth 
(west  of 
south). 

Proba- 
ble 
error. 

tion  for 

variation 

of  pole. 

Result- 
ing 
seconds. 

0     '       " 

11 

// 

n 

192  16  1771 

0*24 

—0-12 

17  "59 

143  16  15-44 

017 

+0-II 

15 '55 

321  29  05  18 

0-27 

+012 

05  30 

53  25  07  60 

0-30 

-0-07 

07 '53 

200  09  31  '62 

079 

+0-19 

31 -81 

39  12  05-33 

031 

+0-31 

0564 

199  55  37  22 

0-47 

+025 

37 '47 

221   48   20-62 

0-36 

-013 

20-49 

11  46  II -93 

0-14 

+001 

II  94 

248  36  18-08 

022 

+0-24 

18-32 

140  42  59  69 

015 

+0-I0 

5979 

284  10  32  73 

0-40 

— o"ii 

32  62 

I03  48  04 '41 

059 

fO-2I 

04 '62 

66  05  i6  75 

022 

-005 

16  70 

70  35  5t  "35 

029 

o-u8 

51  27 

41  55  00  32 

0-20 

■f  0  -07 

00  39 

74  45  04  "64 

0'12 

f  0  07 

04  71 

»96  42  55  84 

o-iS 

0  00 

55-84 

23  57  24  03 

0-49 

-  0  05 

23-98 

88  17  40-58 

016 

+0-27 

40-85 

72  00  16*67 

0-20 

-00; 

16  62 

66  41  18-68 

0-14 

+0-0B 

1870 

195  .V  57 '61 

012 

+0-28 

57  89 

160  54  02  •4S 

o-ii 

-fo  -25 

02-73 

20  05    23 '21 

0*09 

-015 

23  06 

192  02   50 '69 

0  13 

-019 

50  50 

180  42  32  68 

o'.^3 

—0-13 

32  55 

283  08  44 -63 

0*09 

+0*07 

44  70 

356  19  30  49 

014 

-0-12 

30  37 

31  59  03  -88 

0-14 

+0-26 

04-14 

283  24  02  54 

0*16 

+0-10 

02 -64 

314  14  01   11 

0-17 

+0-27 

01  38 

81   II   28-46 

o'i5 

+0-03 

28-49 

250  58  50-15 

o'i3 

-1-0-14 

50  29 

303  40  14  01 

018 

TO -14 

I4'«5 

98  27  13-96 

0-13 

-0-14 

13  "82 

83  09  34  94 

016 

— o-io 

34-84 

77  »  4930 

013 

-001 

49-29 

262  20  25  65 

0-13 

-015 

25  50 

142  39  19-20 

019 

+0-26 

19-46 

177  56  19" 

010 

+0  03 

I9»3 

90  58  53  77 

0*09 

+012 

5389 

67  22  02-40 

0*14 

—0-04 

02  36 

144  57  35 '76 

021 

-0  05 

35-71 

163  07  13-25 

o-i6 

-014 

13-11 

343  05  02 -16 

013 

-o'09 

02  07 

144  28  15 -86 

O'lO 

+  017 

16  03 

235  38  36  44 

0-27 

-fo  11 

36 -.55 

91  04  25 -28 

0'2I 

4-0*02 

25  30 

274  15  15  "M 

015 

— O'lO 

15  04 

324  01  25  -06 

013 

— O'lO 

24  96 

203  47  05  -So 

±0-18 

-0-03 

05  77 
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VI.  THE  RESULTS  OF  THE  ASTRONOMIC  DETERMI- 
NATIONS OF  LONGITUDE. 

A.  INTRODUCTION. 

The  results  of  the  telegraphic  longitude  determinations  at  stations  distributed  over 
or  near  the  parallel  of  39^  and  geodetically  connected  with  the  transcontinental  triangu- 
lation  are  given  in  the  following  pages. 

The  longitudes  of  the  stations  in  connection  with  the  measurement  of  the  arc  of  the 
parallel  depend  wholly  upon  the  results  of  the  adjustment  of  the  general  longitude 
system  of  the  United  States,  a  full  account  of  which  is  contained  in  Appendix  No.  2, 
Report  of  the  Coast  and  Geodetic  Survey  for  the  fiscal  year  ending  June  30,  1897.* 
Several  of  the  stations  are  common  to  both  systems,  and  the  abstracts  of  individual 
values  for  difference  of  longitude  for  these  stations  will  be  found  in  the  above  Appendix. 

A  few  of  the  arc  stations  are  connected  with  more  than  one  fixed  longitude  station. 
For  these  the  results  of  the  simple  adjustment  are  given. f 

For  particulars  respecting  methods  of  arrangements  in  the  field,  of  instruments, 
observing  and  deducing  individual  and  final  results  the  reader  may  consult  Appendix 
No.  14,  Coast  and  Geodetic  Survey  Report  for  1880,  pages  231-241;!  also  (for  reduction) 
Appendix  No.  8,  Coast  and  Geodetic  Survey  Report  for  1889,  pages  209-212,  and  (for 
latest  instruments)  Appendix  No.  9,  same  report,  pages  213-216. 

B.  ABSTRACTS  OF  RESULTS  AT  TELEGRAPHIC  LONGITUDE  STATIONS. 

[The  tabular  results  are  fi:iven  in  chronologrical  order  of  the  execution  of  the  work.] 

Contents,  dijfference  of  tongitude  between — 

No.  Date. 

1.  Parkersburg,  Illinois,  and  Detroit,  Michigan  (Lake  Survey)  1879 

2.  Strasburg,  Virginia,  and  Washington,  District  of  Columbia  1881 

3.  Vincennes,  Indiana,  and  Nashville,  Tennessee  1881 

4.  St.  Louis,  MiSvSouri,  and  Vincenne-^,  Indiana  1881 

5.  Charlottesville,  Virginia,  and  Washington,  District  of  Columbia 1882 

6.  Louisville,  Kentucky,  and  Charleston,  West  Virginia  1883 

7.  Ellsworth,  Kansas,  and  Kansas  City,  Missouri  1885 

8.  Wallace,  Kansas,  and  Ellsworth,  Kansas  1885 

9.  Colorado  Springs,  Colorado,  and  Wallace,  Kansas  1885 
10.  Gunnison,  Colorado,  and  Colorado  Springs,  Colorado .          1886 


*  An  abstract  of  this  paper  appeared  in  No.  413  (September  14,  1897)  of  Gould*s  Astronomical  Journal. 
fNo  use  was  made  of  any  longitude  work  by  the  United  States  Bngineers  within  the  region  of  the  arc  unless  the 
observers  exchanged  places  for  the  purpose  of  eliminating  personal  equation. 

X  A  revision  of  this  app>endix  was  published  as  Appendix  No.  7.  C.  &  G.  S.  Report,  i897--9S. 
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Contents,  difference  of  longitude  between — 

No. 

1 1 .  Grand  Junction,  Colorado,  and  Colorado  Springs,  Colorado 

12.  San  Francisco  (Lafayette  Park  and  Washington  square),  California 

13.  San  Francisco  (Lafayette  Park)  and  Mount. Hamilton  (Lick  Observatory),  California 

14.  Point  Arena,  California,  and  San  Francisco  (Lafayette  Park),  California 

15.  Point  Arena,  California,  and  Sacramento,  California        ...... 

16.  Marysville,  California,  and  Sacramento,  California 

17.  Sacramento,  California,  and  Verdi,  Nevada 

18.  Verdi,  Nevada,  and  Carson  City,  Nevada 

19.  Carson  City,  Nevada,  and  Virginia  City,  Nevada 

20.  Genoa,  Nevada,  and  Carson  City,  Nevada 

21.  Carson  City,  Nevada,  and  Austin,  Nevada 

22.  Austin,  Nevada,  and  Eureka,  Nevada 

23.  Eureka,  Nevada,  and  Salt  Lake  City,  Utah 

24.  Lake  Tahoe,  California,  and  Carson  Cit}',  Nevada 

25.  San  Francisco  (Presidio  and  Lafayette  Park),  California         ..... 

26.  Washington,  District  of  Columbia,  and  Dover,  Delaware 

27.  Ukiah,  California,  and  San  Francisco  (Presidio),  California 

28.  Salt  Lake  City,  Utah,  and  Green  River,  Utah 

29.  Oasis,  Utah,  and  Salt  Lake  City,  Utah 


Ilate. 
1886 
1887 
1888 
1889 
1889 
1889 
1889 
1889 
1889 
1889 
1889 
1889 
1889 

1893 
1896 

1897 
1897 
1898 
1898 


(l)    DIFFERENCE  OF   LONGITUDE  BHITWEEN   PARKERSBURG,  ILLINOIS,  AND   DETROIT.  MICHIGAN. 

[petermined   by  the   United   States   Lake  Survey.     For  particulars  see  Professional    Papers  No.  24  of  the  Corps  of 

Engineers  of  the  United  States  Army,  Washington,  1882;  pp.  725-727.] 


Date, 
1879. 


July  26 

28 

29 
30 


Observer  at — 
Olney.  Detroit. 


From 
Western  or 


01  ne 
signa 


I. 


•  P.  M.  Price      D.  W.  Lock- 
wood 


h.m.     5. 

o  20  08  582 

08  602 
08-645 
aS-498 


From 
Eastern  or 

Detroit 
'signals. 

h.  M.    s. 

O  20  08*404 
08 '409 
08  •410 
08  308 

Mean 


W.-E. 


s. 
0*178 

•193 
■235 
■190 

0199 


Mean  of 

West  and     Personal   ^»  i«„«^»..^^ 
East        equation.   <>' ^on^^tudc 

signals. 


Difference 
git 
.A. 


h.  m.      5.  s. 

o  20  08 '493    +o'oo3 

•5<>5 
•527 
•403 


o  20  08*482 


A.m.      s. 
o  20  08*496 

•508 

•530 
'406 

o  20  08*485 


s. 
-h*oix 

r   023 

+  045 
-079 


Transmission  time  =  o**ioo  -t  c/*oo4. 

Personal  equation  Lock  wood-Price  =  -}-o*'0O3  zho'"036  from  direct  observations  on  2  days  before 
and  2  days  after  the  longitude  work. 

Buff  and  Berger  transit.  No.  2  of  the  Lake  Survey,  was  mounted  on  the  East  pier  in  the  Lake 
Survey  Observatory  at  Detroit.  By  direct  measurement  in  1891  this  pier  was  found  to  be  o"366  west 
of  the  Coast  and  Geodetic  Survey  station. 

Wiirdemann  transit,  No.  i  of  the  Lake  Survey,  was  mounted  at  Olney,  about  10  miles  north  of 
the  trigonometrical  station  Parkersburg.  By  a  local  triangulation  the  transit  post  was  found  to  be 
13**461  west  of  Parkersburg. 

^X  Parkersburg  A  —  Detroit  (  T^^y)  =  o»  19*  55**39o±:0^04a 
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(2)   DIFFERENCE  OF  LONGITUDE  BETWEEN  STRASBURG,  VIRGINIA.  AND  WASHINGTON,  DISTRICT 

OF  COLUMBIA. 


Date, 

18H1. 


Observer  at— 


Btra»- 
burg. 


Wash- 
ington. 


From 

Western  or 

Strasburg 

signals. 


G.  W.  Dean 


From 

Eastern  or 

Washington 

signals. 

m.     s. 

5  M"249 

•263 

•2C9 


W.-E. 


s. 
0-003 

on 

•012 


18 

19  ^  G.  W.  Dean    E.  Smith 

21 


Mean 


'014 


Mean  of 
West  and 

East 
signals. 

m.     5. 
5  14 '250 

■268 
•235 


Personal 
equation. 


s. 

— 0'142 


Difference 
of  longitude 


m.     s. 

5  14  108 

•126 


P- 


■093 


2 

2 
5 


J. 
+    '005 

+    023 

—    010 


Mean 

•009 

•251 

5  13  930 

5  13  •913 

•017 

5  13-922 

+  •142 

•064 

2 

-    039 

13960 

•952 

•008 

13  956 

'098 

3 

-    005 

14  014 

•998 

016 

14  006 

•148 

2 

+    "045 

13  961 

Weighted  mean 


5  14  106 
5  14  "103 


±0008 


Transmission  time  =  cf'ooS  dr  o**oor. 

Personal  equation  D.  -Sra.  =  —  o'"i45  dzo^oio;  same  from  weighted  means  =  —  o"i42. 

At  Strasburg,  transit  No.  4  was  mounted  on  a  brick  pier  within  the  old  earthworks  to  the  north 
of  the  town. 

At  Washington,  transit  No.  8  was  mounted  over  the  old  station  of  1878  in  the  grounds  of  the 
United  States  Naval  Observatory,  old  site,  now  the  Museum  of  Hygiene.  The  station  is  44714  metres 
or  o"  1 24  wesl  of  the  center  of  the  small  central  dome  of  the  building. 

A^  Strasburg  (  T'isgi)— Washington,  United  States  Naval  Observatory,  old  site  (D)  =5"  14* '227 
±:0"oo8. 


(3)  DIFFERENCE    OF    LONGITUDE  BETWEEN    VINCENNES,    INDIANA,   AND    NASHVILLE,    TENNESSEE. 


Date. 

1881. 

Observer  at— 
Vincennes.    Nashville. 

From 

Western  or 

Vincennes 

signals. 

From 

Eastern  or 

Nashville 

signals. 

W.-E. 

Mean  of 
West  and 

East 
signals. 

Personal 
equation. 

Difference 
of  longitude 

/. 

V. 

m.      s. 

m.    s. 

s. 

m.      s. 

s. 

m.    s. 

J. 

Nov.  12 

2  58119 

2  58111 

0008 

2  58"5 

— o-aoo 

2  57  915 

6 

• 

+  •024 

»3 

E.  Smith       G.  W.  Dean 

•123 

III 

•012 

•117 

•917 

4 

+  026 

14 

9 

073 

•048 

•o;5 

060 

• 

-860 

8 

-  031 

Mean 

•015 

•097 

16 
19 

G.W.Dean    E.Smith 

2  57  782 
•571 

2  57  762 
•548 

020 
•023 

2  57  772 
•560 

+O-200 

972 
•760 

5 

3 

+  081 
-•131 

24 

•691 

•686 
Mean 

•005 
016 

*688 
•t>73 

•888 

8 

-003 

257885 

Weighted  mean 

2  57  891 

±o-oi8 

Transmission  time  =  o»*oo8  ±  o**ooi. 

Personal  equation  D.— Sm.=  —  o"2i2  ±:o**o22;  same  from  weighted  means  =  —0^*200. 

At  Vincennes,  transit  No.  4  was  mounted  in  the  Court-Hpuse  yard,  northeast  of  the  Court-House. 

At  Nashville,  transit  No.  8  was  mounted  over  the  station  of  1877,  east  of  the  Capitol  or  State  House. 

AA  Vincennes  (  Tmi )  -Nashville  ( Ta„^)  =  2*  57"^i  ±  0-018. 
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(4)  DIFFERENCE  OF  LONGITUDE   BETWEEN  ST.  I«OUIS,  MISSOURI,  AND  VINCENNES,  INDIANA. 


Date, 

1881. 

Prom 
Observer  at—             Western  or 

St.  I.ouis.        Vincennes.       •'^t-  Louis 

signals. 

From 

Eastern  or 

Vincennes 

signals. 

W.-E. 

Mean  of 
West  and 

East 
signal.H. 

Personal 
equation. 

Difference 
of  longitude 

/. 

1'. 

Nov.  28 

m.      s. 
10  43  366 

m.      s. 

JO  43  ■35i 

5. 
o"oi5 

m.       s. 

»o  43  "358 

s. 

-0-087 

m.      s. 
10  43  "271 

5 

J. 
+  036 

Dec.   7 

8 

E.  Smith          C.  H.  Sinclair 

•338 
•328 

■300 
•273 

•038 
•055 

•319 
•300 

•232 
•213 

2 
5 

-  003 

—  "022 

9) 

309 

.  "275 
Mean 

•034 
•035 

•292 

•317 

•205 

2 

-   030 

Dec.  14 

10  43*162 

10  43'"i 

•051 

10  43'»36 

+0087 

•223 

4 

—   012 

16 

C.H.Sinclair   K.Smith 

•187 

•142 

•045 

•164 

■251 

6 

+  •016 

23 

166 

•120 

'046 

•143 

•230 

9 

—  •005 

Mean 

•047 

"14H 

10  43*232 

Weighted  mean 

10  43  235 

±o-oo6 

Transmission  time  =  0*020  ±  o'"oo2. 

Personal  equation  Sm. — Sin.  =  -\-  &'6^$  =b  o"'oo6;  same  from  weighted  means  =  -f  cf'dSy. 
At  St.  Louis,  transit  No.  6  was  mounted  over  the  station  of  1881 ,  in  the  east  end  of  the  small  brick 
observatory  attached  to  Washington  University. 

At  Vincennes,  transit  No.  4  was  mounted  in  the  Court- House  yard,  northeast  of  the  Court-House. 
AA  St.  Ivouis  (  T.  x88i-te)   -Vincennes  (  T.  ,881)=  10*  43*235  r+r  o"oo6. 

(5)    DIFFERENCE  OF   LONGITUDE    BETWEEN   CHARLOTTESVILLE,   VIRGINIA,    AND  WASHINGTON, 

DISTRICT   OF  COLUMBIA. 


Date, 

1882, 

nK«<>».-^  «♦                       From               From 
Observer  at—                 Western  or    Eastern  or 

Charlottes-          Washing-       Charlottes-  Washington 
ville.                      ton.           ville  signals.      signals. 

W.-E. 

Mean  of 
We.st  and 

Ea.st 
signals. 

Personal 
equation. 

Difference 
of  longitude 

P- 

• 

July  15 

W.    "    J. 

5  53' 171 

m.      s. 

5  53-»o6 

J. 
0-063 

m.      s. 

5  53i3'> 

s. 
-0099 

m.      s. 
5  53  039 

3 

-024 

24 

C.H.Sinclair 

F.H.  Parsons 

•loS 

•091 

•017 

100 

■001 

3 

—  '062 

25 

•235 

•219 
Mean 

016 
■033 

•227 
•155 

'138 

4 

+  •065 

July  27 

5  52  -896 

552-882 

•014 

.    5  52-88Q 

+0-099 

52-988 

4 

-  075 

Aug.  7 
10 

■  F.H.  Parsons 

C.H.Sinclair 

53  '005 
52  982 

53"ooo 
52-97' 

005 
on 

53  002 
52  -976 

53  'oi 

•075 

4 
4 

+  038 
+  '012 

II 

52-987 

•9H4 
Mean 

•003 
•cos 

-986 
52  963 

•085 
5  53  o6<) 

5 

+  022 

Weighted  mean 

5  53  -063 

'  0'9^A 

Transmission  time  =  o**oo9  zt  o"oo3. 

Personal  equation  Sin.    -  P.  =  -{-  o**096  rt  o*'oi2;  same  from  weighted  means  =  -  o''099. 

•  At  Charlottesville,  transit  No.  4  was  mounted  on  the  .small  transit  pier  on  the  east  side  of  the  large 
equatorial  of  McCormick  Observatory. 

At  Washington,  transit  No.  8  was  mounted  over  the  old  station  of  1878  in  the  grounds  of  the  United 
States  Naval  Observatory,  old  site,  now  the  Museum  of  Hygiene.  This  station  is  44714  metres  or 
o"i24  west  of  the  center  of  the  small  central  dome  of  the  building. 

AA  Charlottesville  {  T^^^)  Washington,  United  States  Naval  Obser\^atory,  old  site  (/>)  = 
5»  53-187  _- 0-014. 
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(6)   DIFFERBNCB  OF  I«ONGlTUDE  BETWEEN  I/)UISVII^LE,   KKNTUCKY,   AND  CHARLESTON,   WEST 

VIRGINIA. 


Date, 

Observer  at— 

i««,v      Louisville.        Charleston. 

Aug.  t6 

17 

21 

'  C.  Terry             F.  H,  Parsons 

24 

25 

Aug.  39 

30 

31 

-  P.  H. Parsons    C.  Terry 

Sept.  3 

5 

' 

Prom  From 

Western  or  Eastern  or 

Louisville    Charleston 

signals.         signals. 


M.       s. 
16  31  497 

•556 
•517 
'432 
•438 

16  31  -636 
•460 

•583 
•604 
•620 


16  31  -415 

•495 
•450 

•346 
■374 

Mean 
16  31  590 
•412 
•521 
•545 
•564 

Mean 


W.-K. 


s. 

0-082 

061 
•067 
•076 

•054 

•068 
'Q46 
'048 
•062 

•059 
056 

•054 


Mean  of  Ti«#T«r«««» 

West  and  Personal  „V1"^IS?.!h^      a 

East  #.n«fltinn    o''onK^*"de     /. 

signals. 


equation. 


m.      s.  s. 

1631-456      +0-049 

•526 
•483 
•384 
-401 

•450 
1631*613  —0*049 
•436 
•552 
•574 
•592 

."553 
Weighted  meau 


m.      J. 
16  31  505 

•575 

•532 

•433 

•450 


•564 
•387 
•5P3 
•525 
'543 

16  31  -502 
16  31 -506 


3 

4 
3 

25 
3 

5 

4 

I  "5 
2-5 
4 


V. 

s. 
-001 

+  •069 

+  -oa6 

-073 

-  056 

+  •058 
-•119 

-  003 
+  019 

+  037 


:0-0I5 


Transmission  time  =o'*o3i  dro^'ooi. 

Personal  equation  T.      P.  =    -  o"'052  ifco"oi8;  same  from  weighted  means  =  — o''o49. 

At  Louisville,  transit  No.  8  was  mounted  over  the  station  established  in  1879  in -the  grounds  of  the 
Boys'  High  School. 

At  Charleston,  transit  No.  6  was  mounted  on  a  sandstone  pier  in  the  noHhwestern  part  of  the 
State  House  grounds. 

A  A.  Louisville  (  Ti^^ta)  —  Charleston  (  T^ggj)  =  16"*  3i*"5o6  dzCois. 


(7)    DIFFERENCE  OF  LONGITUDK   BETWEEN   ELLSWORTH,  KANSAS,  AND  KANSAS  CITY,  MISSOURI. 

From  From 


Date, 

1C85. 


Sept.  10 

13 
»4 
15 


Observer  at — 

Ellsworth.  Kansas 

City. 


P.H.Parsons      E.Smith 


Western  or    Eastern  or    „,    -, 
Ellsworth    Kansas  City  ^•"**- 
signals.  signals. 


West  and    I'ersonal   „P  ?SL1h5J^    ^ 
East         equation.  °^  longitude    p, 
signals.  ^  '^• 


». 


E.  Smith 


P.H.Parsons 


m.      s. 

14  32  946 

-8H4 
■866 
•927 


«4  33  082 

■053 
-140 

•165 


m.      5.  5. 

14  32-916  0-030 

-871  013 

•833  "033 

•904  023 


Mean 

»4  33  "023 

•034 

•III 

•141 

Mean 


•025 

059 
019 
-029 
024 

•033 


m.     s.  s. 

M  32'93»     +0-108 

•877 
•850 

•915 

•893 
M  33  052    — o-io8 
•044 
•125 

•153 

•094 
Weighted  mean 


m.     s,  s. 

14  33  '039     o  '5    +059 
32  985      3       +005 


32 "958 
33 '023 


7-5     -  -022 
3        +043 


32  944  5  5  -  036 

32  936  6  5  -  044 
33017  4  5  +037 

33  '045  5  +  '065 


14  32  993 
14  32-980 


±0'Qll 


Transmission  time  =  o'oi4  d:  o"oo2. 

Personal  equation  Sm.  —  P.  =4-o"iood=o'*oi2;  same  from  weighted  means  =  4- o''* loS. 

At  Kansas  City,  transit  No.  8  was  mounted  over  the  old  station  established  in  1882  in  the  grounds 
of  the  Franklin  School. 

At  Ellsworth,  transit  No.  4  was  mounted  on  2  limestone  piers  in  the  grounds  of  the  Graded 
School,  near  Douglas  avenue  and  Second  street. 

A^Ellsworth  ( 7\885)  —  Kansas  City  (T^^g^)  —  14*  32-980 d:0"oii. 
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(8)   DIPFBRENCB  OF  I^ONGITUDE  BETWEEN  WAI,I,ACE,   KANSAS,  AND  ELLSWORTH,  KANSAS. 


Date, 

1885. 

Wallace. 

Sept.  24 

25 

26 

P.  H.  Parsons 

29) 

Oct.      I 

3 

4 

E.  Smith 

5 

6 

Observer  at — 

Ellsworth. 


From  Prom 

Western  or    Eastern  or    «»    ^ 
Wallace       Ellsworth     ^•■*' 


E.  Smith 


F.  H.  Parsons ' 


signals. 

ttt,      J. 

13  27-235 
•156 
•253 
•169 


13  27  345 
•337 
•439 
•386 

•369 


signals. 

m.     s. 
13  27  "203 

•135 
•230 

153 

Mean 

13  27-325 
•328 

432 
-374 
•341 

Mean 


Mean  of 
West  and    Personal 

East 
signals. 


Difference 
^iSion.   of  longitude  A 


s. 
0*032 

•021 

•023 

•016 

-023 
•020 
•009 
•007 
•012 
■02S 

•015 


w .     s.  s, 

13  27-219    +0*090 

'I46 

'242 

•161 


'193 

13  27-335 
•332 
■436 
-380 

'355 


A*- 

m.      s. 

13  27-309 
-2316 
•332 
•251 


s. 

25    +  041 


4 

2 

6-5 


-•032 
+  064 
—  •017 


,090 


•245  4  -  023 

•242  6-5  —  026 

■346  2  5  +  078 

•290  4  +  '022 

■265  4  -5  -  ooz 


•368  13  27*280 

Weighted  mean  1327*268  ±0*009 

Transmission  time  =  o*  '009  db  C  -ooi . 

Personal  equation  Sm.  —  P.  =  -I-  o»*o88  ifc  0*009;  same  from  weighted  means  =  -f  C'ogo. 

At  Wallace,  transit  No.  6  was  mounted  on  2  limestone  piers  in  the  northeast  comer  of  the  small 
park  of  the  Union  Pacific  Railroad  Company. 

At  Ellsworth,  transit  No.  4  was  mounted  on  2  limestone  piers  in  the  grounds  of  the  Graded 
School,  near  Douglas  avenue  and  Second  street.* 

A  A  Wallace  (  T^^)  --  Ellsworth  (  T^^)  =  13"  27-268^3  0-009. 


(9)   DIFFERENCE  OF  I^ONGITUDE  BETWEEN  COI^ORADO  SPRINGS,  COLORADO,  AND  WALLACE,  KANSAS. 


Date, 

1885. 


Observer  at — 

SSIh«^°  Wallace. 

Spnngs. 


Oct. 


9 
12 

13 
»4 

15  J 


-  F.  H.  Parsons    E.  Smith 


From  Western 

or  Colo- 
rado Springs 
signals. 


m.      s. 
12  54-721 

•743 
•719 

-685 

•785 


Oct.    ao^ 
21 
22 

23  J 


■  E.  Smith 


F.  H.  Parsons 


From  East- 
ern or 
Wallace 
signals. 

m.     s. 

»2  54-675 
716 

•705 

■668 
•768 

Mean 

12  54*890 

55-133 
54  859 
54  779 

Mean 


W.-K. 


s. 
0*046 

*027 

*oi4 
017 
*oi7 

'024 
'040 
032 

•034 
•027 


-033 


Mean  of 
West  and 

East 
signals. 

m.      s. 
12  54698 

730 
•712 

•676 

•776 

•718 
12  54-910 

55-149 
54  876 
54-792 


o„«rt-,ai      Difference 


•    s. 

+0*I02 


— o'loa 


12  54*800 
•832 
•814 

-778 
•878 


3 

4 
3 
3 
3 


•808  3 

55-047  2 

54  -774  3 

-690  2 


s. 
—  *02a 

+  'OIO 

-008 
-044 
+  056 


-014 

•f- 225 
—  048 
-•132 


54-932  1254*825 

Weighted  mean        1254*822  ±o*oao 

Transmission  time  =  O"'oi4  dh  o"ooi. 

Personal  equation  Sm.  —  P.  =  -\-<f'  107  i  o"02i ;  same  from  weighted  means  =  -f  o'*i02. 

At  Colorado  Springs,  transit  No.  6  was  mounted  over  the  new  or  1885  station  in  the  grounds  of 
the  Colorado  Springs  Land  Company. 

At  Wallace,  transit  No.  4  was  mounted  on  2  limestone  piers  in  the  northeast  comer  of  the 
small  park  of  the  Union  Pacific  Railroad  Company. 

A^  Colorado  Springs  (  T^xass-ee)  —  Wallace  (  Tlaas)  =  12*  54*-822  dbO»*o«). 
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(10)     DIFFERENCE     OF     LONGITUDE     BETWEEN     GUNNISON,   COI«ORADO,    AND     COI«ORAX>0     SPRINGS, 

COLORADO. 


Date, 

1R86.       Gunnison 


Observer  at— 

Colorado 
Springs. 


Prom       From  Eastern  Mean  of  niir-..*.,*** 

Western  01        or  Colo-        ^    «   West  and     Personal    ^fJ"5I5r.!5- 
Gunnison     radp  Springs   ^ '^-        East       equations.  °'  'ongitude 


June  17 

iK 

26 


June  30 
July     2 

3 
8 


H.  Smith 


C.  H.  Sinclair 


C.  H.  Sinclair    B.  Smith 


signals. 

8  25-310 
•355 
"394 
•317 


8  25-341 
•364 
•367 
•376 


signals. 

m.      s. 
8  25-264 

•315 
•347 

•273 

Mean 

8  25 '298 
•32S 
•328 
•334 

Mean 


signals. 


AA. 


P- 


s. 
0-046 

'040 

•047 
•044 

•044 

•043 
•036 

•039 
'042 

*040 


m. 


s. 


m. 


s. 


V. 


s. 


8  25-287      +0-001 
•335 
•370 
'295 

■322 
8  25-320      — 0001 
•346 
•348 
■355 


8  25-288  I  "5  —-047 

■336  50  4- -001 

•371  4 '5  +036 

•296  25  -   039 

•3»9  3  "5  -016 

'345  2-0  4   010 

•347  10  4-012 

•354  1  '5  ■»-  "019 


•342 

Weighted  mean 


8  25  332 
8  25-335 


±  O   CX)' 


Transmission  time  =  o"02i  dr  o*"ooi. 

Personal  equation  Sm.    -  Sin.=  —  o"'oio  in  o"oo6;  same  from  weighted  means  =      o**ooi. 

At  Gunnison,  transit  was  mounted  on  a  sandstone  pier  in  the  northeast  corner  of  the  Court-House 
grounds. 

At  Colorado  Springs,  transit  No.  6  was  mounted  over  the  new  or  1885  station  in  the  grounds  of 
the  Colorado  Springs  Land  Company. 

AA  Gunnison  (  7^886 )  —  Colorado  Springs  (  Tms-^)  =  8"  25* -335  rh  Copy. 


(II)  DIFFEREN'CE  OF  I,ONGlTUDE  BETWEEN  GRAND  JUNCTION,  COLORADO,  AND  COLORADO  SPRINGS, 

COLORADO. 


D.tc.  Observer  at-  ^~™ 

1886.  Grand         Colorado     Grand  June 

Junction.       Springs,      tion  KignalR 


From 
Tv.o*«^  «,.      Eastern  or 
^®^5^  °r       Colorado 


W.-R. 


July 

15 

24 

26 

27 

July 

30 

3» 

Aug. 

4 

5 

C.H.Sinclair 


E.  Smith 


m.     s. 

14  58  948 
•978 

932 
'822 


Springs 
signals. 

m.     s.  s. 

14  58  -892  o  -056 

931  047 

•834  -098 

•721  'lOl 


West  and    Personal  «?i?5IJJ!J!J^       . 
East        equation.  °^  lon8jt"de      p. 

signals. 


K.  Smith 


C.  H  Sinclair 


Mean 

14  58  '875 
'902 

•893 
■873 

Mean 


076 
•088 
084 
084 
■084 

•085 


m.     s.  s. 

14  58.920      +0-039 

'954 

•883 

•772 

•882 
14  58-919      -0039 
•944 
•935 
91- 


m.     s. 

M  5«'959  I 
■993  I 
'922  I 
811 


V. 


s. 

+  068 
+  102 
+  03» 


928 
Weighted  mean 


bSo 

•905 
-896 
•876 

14  58 -905 
14  58  -891 


2-5    -  -  080 

I '5  -oti 
2  +  014 
2        +  cos 

I  "5      -  '015 
±0-023 


Transmission  time  =0"  040  ±0* '002. 

Personal  equation  Sm.       Sin.=  ^  o*o23  Hro"oi2;  same  from  weighted  means  =  r  o"039. 

At  Grand  Junction,  transit  No.  4  was  mounted  on  2  stone  piers  near  the  northwest  corner  of 
Cottonwood  Park. 

At  Colorado  Springs,  transit  No.  6  was  mounted  over  the  new  or  1885  station  in  the  grounds  of  the 
Colorado  Springs  Land  Company. 

^  A  Grand  Junction  (  Ti^)  —  Colorado  Springs  ( Ti^  ^)  =  14*  58"89i  =h  o'oi3. 
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(12)  DIFFERENCE  OP  IX)NGITUDE  BETWEEN  SAN  FRANCISCO,  LAFAYETTE  PARK,  AND  SAN  FRANCISCO, 

WASHINGTON  SQUARE,  CAWFORNIA. 


Date, 
1887. 


May  a6 

27 
June    3 

4 
6 

June    7 

9 
10 

la 
13  J 


Observed  at—  From 

Lafayette       Washing-    ^^kriSiSls 
Parle.  ton  Square.  ^^rKsignais. 

s. 
4-667 

•598 
C.H.Sinclair   P.A.Wclker   |        '618 

•550 
•601 


P.  A.  Welkcr    C.  H.  Sinclair  - 


4-271 
•261 
'229 
'248 
•245 


From 

Eastern  or 

Square 

signals. 

5. 
4 '661 

590 
•617 
*546 
'60a 

Mean 
4  272 
•250 
•223 
'248 
•251 

Mean 


W.-E. 

s. 

+0006 

'008 

•001 

•004 

-  001 

+   '004 

-  -ooi 

+     'Oil 

+   -006 
000 

-  006 


wS*and  Personal  ^P}?;!!Jj;SL      * 
equation.  <>'  longitude      /. 


+    002 


Bast 
signals. 

s. 
4664 

•594 
•617 

■548 
602 

4  605 
4  271 
•256 
•226 
-248 
'248 


V. 


AA 


5. 
>*i7a 


+o'i7a 


jr. 

s. 

4  •49a 

25 

+  •071 

•422 

5  5 

+  *OOI 

445 

3*5 

+  •024 

•376 

7  5 

-045 

•430 

5  5 

+  •009 

•443 

6 

-f  "022 

•428 

4 

+   007 

•398 

6-5 

-023 

■420 

6 

—  001 

•420 

5-5 

—  OOI 

4250  4 '427 

Weighted  mean  4  '421  ±0  '006 

Transmission  time  =  O"ooi4  db  o"ooo5. 

Personal  equation  S.  —  W.  =  -f  C'lyS  d=o"oo6;  same  from  weighted  means  =  -j-o"i72. 

At  the  Lafayette  Park,  San  Francisco,  transit  No.  3  was  mounted  on  the  western  or  standard  pier 
of  1881. 

At  the  Washington  Square,  San  Francisco,  transit  No.  6  was  mounted  on  the  brick  pier  near  the  old 
station  of  1 869,  which  was  marked  by  a  granite  block.  The  use  of  the  pier  of  1 887  became  necessary  since 
the  instrument  could  not  be  put  on  the  block;  it  is  o'""405  or  o"oi7  or  c^'ooi  east  of  the  old  station. 

A  ^  San  Francisco,  Lafayette  Park  (  T^issi-s?)  —  San  Francisco,  Washington  Square  (  Tigsg)  =  4' '420 
rbo'oo6. 

(13)    DIFFERENCE  OF  LONGITUDE   BETWEEN  SAN    FRANCISCO  AND  MOUNT  HAMILTON,  CALIFORNIA.* 


Date, 
1888. 


Observers  at— 


San 
Francisco. 


Mount 
Hamilton. 


From  From 

Western  or      Eastern  or 
San  Francisco  Mount  Ham- 
signals,        ilton  signals. 


Oct. 


Nov 


Nov. 


23 

30 

3» 
I 

2 
5 

231 

24 

a6 

27 
28 


'C.H.Sinclair  R.A.  Marr 


R.  A.  Marr       C.  H.Sinclair  - 


m.    s. 

3  09  099 

180 

•138 

■263 

'221 
'248 

3  08-899 

•885 

'953 
'910 

•875 


3  09076 
148 
'128 
•259 
•213 
•244 

Mean 

3  08  •89* 

•864 

•935 
•902 

•857 
Mean 


s. 
—0*140 


Mean  of 

».    1^  West  and 

^•~**-  East 

signals. 

0*023  3  09*088 

•032  -164 

•010  *I33 

'004  '261 

*oo8  "217 

-004  '246 

•014  3  09*185 

•005  3  08  896 

•021  '874 

•018  944 

*oo8  -906 

•018  -866 


014  3  08  '898 

Weighted  mean 


•>^-__  _  _  _ «     Difference 


+o*X40 


m.    s. 
3  08  948 
09024 

08 '993 
09-121 
09077 
09*106 

09*036 
09  014 
09*084 
09*046 
09*006 

3  09  041 
3  09-047 


P- 


9 

9*5 

6 

I 

6 
12 


2 
2*.«5 

5 

2 

2 


s. 

—  099 

—  023 
-054 
•+  074 

+  030 
+  '059 

—  on 

-033 
+  037 

—  001 
-041 

*:  0*013 


Transmission  time  =  o''oo7  dr  o**ooi. 

Personal  equation  S.  —  M.  =  -f  o*'i44  i:  o"oi  i ;  same  from  weighted  means  =  4-  o'*i4o. 

At  San  Francisco,  transit  No.  18  was  mounted  on  the  eastern  or  small  transit  pier  in  the  Lafayette 
Park  Observatory.     Reduction  to  western  transit  pier  (of  iSSi )  o"oo4. 

At  Mount  Hamilton,  transit  No.  19  was  mounted  about  a  quarter  of  a  mile  to  the  eastward  of  the 
Lick  Observatory.     Reduction  to  meridian  of  transit  house  i6''''28i,  or  i*"o85. 

^\  San  Francisco,  Lafayette  Park  ( T'issx  87 )  — Mount  Hamilton,  Lick  Observatory  (Transit 
house)  3*"  07* '966  ±1  o'*oi3. 


*  For  a  more  detailed  account  of  this  work  see  App>endix  No.  8,  Coast  and  Geodetic  Survey  Report  for  1889,  or 
Rtilletin  No.  13,  1H89;  the  latest  result  is  fj^ven  in  Appendix  No.  2,  Coast  and  Geodetic  Survey  Report  for  1897,  p.  260. 
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(14)    DIPPBRBNCB    OF    LONGITUDE    BETWEEN    POINT    ARENA,    CALIFORNIA,     AND    SAN    FRANCISCO^ 

CALIFORNIA. 


Date, 

1889. 

Ob^jrverat-                westeS  or 
Point           San  Fran-    Point  Arena 
Arena.              dsco.            signals. 

From 
Bastem  or 
San  Fran- 
cisco signals. 

W.-E. 

Mean  of 
West  and 

East 
signals. 

Personal 
equation. 

Diflfercnce 
of  longitude 

• 

V. 

Jan.    16 

m.    s. 
5  04  050 

.    m.    s. 
5  04  016 

s. 
0034 

m.    s.    . 
5  04033 

s. 
+0237 

m.    s, 
5  04  "270 

2 

5. 
+  020 

18 

03 '993 

03935 

•058 

03  964 

*20I 

5-5 

-049 

>9 
»9 

R.  A.  Marr       C.  H.  Sinclair 

04*002 
031 

03  969 
03  990 

■033 
•041 

03  985 
04*010 

*222 
•247 

4 
3 

-028 
-003 

21 

•044 

04  007 

•037 

026 

•263 

5  5 

+  013 

22 ' 

^          '073 

04*027 
Mean 

'046 
'042 

•050 
04  01 1 

•287 

S 

+  037 

Jan.   25 

5  04  470 

5  04-424 

-046 

5  04  447 

-0237 

'2IO 

2 

—  '040 

26 

•456 

•4»5 

•041 

•436 

•199 

5 

-051 

26 

27 

C.  H.  Sinclair  R.  A.  Marr 

•436 
•546 

400 
•5i4 

•036 
•032 

•418 
•530 

•181 

293 

3 
5 

^069 

+  •043 

28 

•53» 

•503 

-028 

•517 

-280 

+  030 

29  J 

^           533 

•489 

■044 

•5" 

•274 

5 

4-  -024 

Mean 


•03S 


•477  I        5  04  "244 

Weighted  mean         504*250  ±0*000 

Transmission  time  =  o»'02o  =h  o"c»i. 

Personal  equation  Sin.    -  M.  =  -f-  o*-233  d=  o"oo5;  same  from  weighted  means  =  -f  o»-237. 

At  Point  Arena,  transit  No.  19  was  mounted  on  a  brick  pier  upon  a  hill  about  200  metres  east  of 
the  Main  street  of  the  town,  between  2  large  water  tanks. 

At  San  Francisco,  transit  No.  18  was  mounted  on  the  eastern  or  small  pier  in  the  Lafayette 
Park  Observatory.     It  was  62  inches  (o*-oo4)  east  of  the  western  or  standiard  pier. 

A^  Point  Arena  (  Tlaaj)  —  San  Francisco,  Lafayette  Park  (  7;88i-87)  =  5*  04-246  ±  o"oo8. 


(15)     DIFFERENCE     OF     I^ONGITUDE     BETWEEN     POINT     ARENA,     CAUFORNIA,     AND     SACRAMENTO, 

CALIFORNIA. 


Date, 

1889. 


Observer  at — 
Point 


Arena. 


Sacramento. 


Jan. 
Feb. 


Feb. 


3» 
I 

2 

2 

3 


7 
8 

8 

9 
12 


C.  H.  Sinclair     R.  A.  Marr 


R.  A.  Marr 


C.  H.  Sinclair  ■ 


From 

Western  or 

Point  Arena 

signals. 


m.    s. 
848*965 

•910 

•977 

•999 

•915 


8  48*510 

-482 

■522 

•483 
•467 


From 

Eastern  or 

Sacramento 

signals. 

m.    s. 

848-856 

•818 
•871 

'932 
•830 

Mean 
8  48  -429 

•419 
•465 
■394 
•394 

Mean 


W.-E. 


s. 
0*109 

'092 

•106 

■067 
•085 

'092 
'081 
•063 

•057 
'0S9 

'073 
■073 


Mean  of 
West  and 

Bast 
signals. 

fU,     St 

8  48  '910 
-864 

924 

•966 

•872 


Personal 
equation. 


J. 

— 0"222 


Difference         • 
of  longitude    p. 
\A. 


•907 
8  48  '470  +0  -222 
•450 
•494 
•43« 
'430 

•456 
Weighted  mean 


8  48-688 
'642 
•702 

•744 
•650 


'692 
•672 
•716 
•660 
•652 


/ 
9 
6 


4 

4 
3 
5 
5 


8  48  -682 
8  48- 675 


s. 
4- -013 

-033 
+  027 
+  069 
-025 


+  -017 
-003 
+  041 

-015 
-023 

±o*oo? 


:  -hO"*222. 

200  metres  east  of 


Transmission  time  =  o"  '04 1  dr  o"  •cx>2 . 

Personal  equation  Sin.  —  M.  =  -f  o"225  d=  Cooy;  same  from  weighted  means  = 

At  Point  Arena,  transit  No.  19  was  mounted  on  a  brick  pier  upon  a  hill  about 
the  main  street  of  the  town,  between  2  large  water  tanks. 

At  Sacramento,  transit  No.  18  was  mounted  on  the  granite  block  pier  of  1888,  in  the  grounds  of 
the  Capitol,  on  the  east  side  of  the  building. 

A  A  Point  Arena  (  T,b»,)  —  Sacramento  (  T^gss  89)  -  S""  48*  "675    ^  o'oo-. 
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(l6)    DIFFERENCE  OF  W>NGITUDE  BETWEEN  MARYSVILLE,   CALIFORNIA,    AND  SACRAMENTO, 

CALIFORNIA. 


Date, 

1889. 

Observer  at—                   From 
im^^r^                co/«««          Western  or 
J^Z                 ^«^:         MarysviUe 
vilfe.                nicnto.           sisals. 

From 

Eastern  or 

Sacramento 

signals. 

W.-E. 

Mean  of 
West  and 

East 
signals. 

Personal 
equation. 

Difference 
of  longitude 

AA. 

/. 

V. 

Feb.  26 

m,    s. 
0  22  621 

m.    s. 
0  22 '621 

s. 

O'OOO 

m.     s. 
0  22-621 

s.           m.       s. 
+0*266           0  22-887 

4 

s. 

+  •088 

27 

•499 

•512 

-•013 

•506 

•77a 

•6 

-027 

28 

28 

R.  A.  Marr 

C.  H.  Sinclair 

•518 
•555 

•5»6 
•554 

+  '002 
+  "OOI 

•517 
•554 

•783 
•8ao 

4 

A 

-  016 
+  •021 

Mar.    1 

•518 

•531 

-•013 

•524 

790 

6 

-  'OOO 

2 

•469. 

•4fia 

-013 

•476 

•742 

3 

-057 

Mean 

-006 

■533 

Mar.    3 

0  23  '062 

0  23-057 

+  •005 

0  23-060 

-0-266 

•794 

4 

-•005 

4 

•062 

•075 

-013 

•069 

■803 

4 

+  •004 

5 

C.  H.  Sinclair 

R.  A.  Marr     • 

-081 

•077 

+  •004 

•079 

;         -813 

2 

+  •014 

5 

•079 

•074 

+  •005 

•077 

■811 

6 

+  012 

6 

•054 

•044 

+  010 

•049 

•783 

6 

—  -016 

Mean 


+  -002 


•067  ,        o  2i*8oo 

Weighted  mean         o  22  -799  -  o  -007 

Transmission  time  very  nearly  zero. 

Personal  equation  Sin.  =  M.  =  j  cf"26j  ±z  o^'ooy;  same  from  weighted  means  =  -+-  o"266. 
At  MarysviUe,  transit  No.  19  was  mounted  on  a  brick  pier  in  Cortez  square,  one  block  east  of  the 
Court-House. 

At  Sacramento,  transit  No.  18  was  mounted  on  the  granite  block  pier  of  1888  in  the  grounds  of  the 
Capitol,  on  the  east  vside  of  the  building. 

A  ^  MarysviUe  (  T'issg)  —  Sacramento  (  'Aiass  89)  =  cy*  22*799  -+-  cfoo-j. 


(17)    DIFFKRKNXK   OF    LONGITUDK    BETWEKN   SACRAMENTO,    CALIFORNIA,  AND   VERDI,    NEVADA. 
Observer  at— 


Date. 

1889. 


June  24 

28 
29 


Sacra- 
mento. 


From 
Western  or 
Verdi.        Sacramento 
signals. 


C.  H.  Sinclair     R.  A.  Marr 


July 


^  R.  A.  3 


Marr 


C.  H.  Sinclair 


m.     s. 
6  03-168 

■137 
105 

6  02  ■62^ 

•645 

•597 
•648 


From 

Eastern  or 

Verdi 

signals. 

m.    s. 
6  03*149 

"5 

■093 
"063 

Mean 

6  02  -618 
•622 
•582 

•634 
Mean 


w.-f:. 


s, 
0-019 

-022 

'012    I 

■020 

018 
•010 
•023 

014 

•016 


Mean  of  ,^.<r 

West  and  Personal    PJ^IJ"^; 

East  equation.  ^'  »onPt"de 

sig^nals.  -^ 

m.    s.  s.              m.    s. 

603-158  -0244           602*914 

•ia6  -882 

099  855 

•073  -829 

6  02  -623  +0  "244     '                  f^- 

•633  ;          -877 

■590  I           834 

•641  I           885 

622  6  02-868 
Weighted  mean         6  02  866 


4 


9 
6 


T'. 


S. 

+    04S 

+    016 

—  -Oil 

-037 


-^    OOT 

-i    -Oil 

-  -ow 
+  *otg 

*  0*007 


Transmission  time  =  c/'oo8  rtr  o*'ooi. 

Personal  equation  Sin.      M.  =  ^  o**246  -jz  cfooj  ;  same  from  weighted  means  =  r  o"244. 

At  Sacramento,  transit  No.  18  was  mounted  on  the  granite  block  pier  of  1888  in  the  grounds  of 
the  Capitol,  on  the  east  side  of  the  building. 

At  Verdi,  transit  No.  18  was  mounted  on  a  brick  pier  built  on  a  slight  elevation  back  of  Mr.  O. 
Lonkey's  residence,  al)out  one-third  of  a  mile  east  of  the  central  part  of  the  town. 

A  ^  Sacramento  (  TIskh  ».,)■-  Verdi  (  T'.gs,)  =  6™  02*-866  =t  o^'ooy. 
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(18)    DIFFERENCE  OF  I.ONGITUDE  BETWEEN  VERDI,  NEVADA,  AND  CARSON  CITY,   NEVADA. 


Date. 

Z889. 

Observer  at—                  prom 

,r  -ji                 Cnraon      Western  or 
Verdi.                  ^^^^      verdi  signals. 

From 

Eastern  or 

Carson  City 

signals. 

W.-E. 

Mean 

of  West 

and  East 

signals. 

Personal 
equation. 

Difference 

of  longitude 

A  A. 

/. 

V. 

fff.     s. 

m.     s. 

s. 

m.     3. 

J. 

m.     s. 

s. 

July    6 

■  0  52  -870 

0  52-858 

0*0I2 

0  52  864 

-0-273 

0  «;2*59i 

4 

+  •031 

7 
9 

.  R.  A.  Marr        C.  H.  Sinclair 

•893 
•828 

•878 
.    -817 

•015 
•Oil 

'886 
•822 

•613 
•549 

i 

7 

+  -053 
—  •on 

10 

•773 

•765 

•noR 

•769 

•496 

3 

—  •064 

Mean 

'012 

*  -835 

July  II 

0  52-236 

0  52  225 

•on 

0  52  -230 

+0-273 

•503 

4 

-•057 

12 

•319 

•304 

•015 

•312 

•585 

3 

+  025 

13 

C.  H.  SincUir    R.  A.  Marr 

•3" 

•297 

•014 

•3«4 

•577 

7 

+  017 

14 

•290 

•2f8 

•022 

•2?J 

•552 

7 

-008 

16 

•308 

•290 

•018 

•299 

■572 

8 

+  •012 

Mean 


•0x6 


•285  I        o  52  -560 

Weighted  mean  o  52  -560  ±0  •ooB 

Transmission  time  =  cf'cxyy  -\-  o'*ooo  4. 

Personal  equation  Sin.  —  M.  =  -f  o"*275  ih  o"*oo8;  same  from  weighted  means  =  +  o''273. 
At  Verdi,  transit  No.  19  was  mounted  on  a  brick  pier  built  on  an  elevation  back  of  Mr.  O.  Lonkey's 
residence,  about  one-third  of  a  mile  east  of  the  central  part  of  the  town. 

At  Carson  City,  transit  No.  18  was  mounted  on  the  transit  pier  in  Mr.  Charles  W.  Friend's  observ- 
atory, near  the  corner  of  King  and  Stewart  streets. 

A'^  Verdi  (  Tissg)  —Carson  City,  Friend's  observatory  (Tissg)  =0*  52"56o=h 0^*008. 
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(19)    DIFFERENCE  OF  I^ONGITUDE  BETWEEN  CARSON  CITY,  NEVADA,  AND  VIRGINIA  CITY,  NEVADA. 


Date. 

1889. 


Observer  at — 


P'rom 
Western  or 


From 
Eastern  or 


Carson  City.      ^Ugl?*"     Ca«?on  J^^y  Virjfinia  City 


W.-E. 


signals.  signals. 


Mean 
of  West      Personal  ^^  i^^„:*.,j^ 
and  East  equation.  °^  lonptude 
signals. 


Difference 
>ngit 


July  19 
20 
21 

22 

July  23 
24 

25 

26 


C.  H.  Sinclair      R.  A.  Marr 


-  R.  A.  Marr 


C.  H.  Sinclair  • 


o  27 '906 

■934 
•871 
•911 


tfl.      s. 
o  28-468 

•423 

•40.S 

•456 

Mean 
o  27*911 
•941 

•869 
•907 

Mean 


s. 
— ©•ooi 

—  '007 

—  '005 

—  *oo7 


—  "005 

—  *oo5 

—  "007 
+  002 
+  "004 


—     *0O2 


o  28-467 

'420 
•406 
•452 


s. 

-0-267 


•436 

o  27-909 

*937 
•870 
•909 


+0-267 


o  28*200 

•153 
•J39 

•I.S5 


•176 
'204 

•137 

•»76 


o  28-171 
o  28-168 


5 
6 
6 

6 


10 

4 
8 


J. 

+  032 

-015 

—  '029 
+  017 

+  008 
+  ■036 

—  031 
+  •008 


•906 
Weighted  mean  028168  ±o'oo5 

Transmission  time  very  nearly  zero. 

Personal  equation  Sin.      M.  =  |-  o*'265  -+-  o**oo5;  same  from  weighted  means  =  -f  cf -267, 

At  Carson  City,  transit  No.  18  w*is  mounted  on  the  transit  pier  in  Mr.  Charles  W.  Friend's  observ- 
atory, near  the  corner  of  King  and  Stewart  streets. 

At  Virginia  City,  the  station  was  located  in  the  office  yard  of  the  "Consolidated  California  and 
Virginia  Mines,"  directly  opposite  the  depot  of  the  Virginia  and  Truckee  Railroad.  Transit  No.  19 
was  used. 

A  ^  Carson  City,  Friend's  Observatory  (  Tlgg,)  —  Virginia  City  (  Tissy)  =  o~  28-168  ±  cf'oo6. 
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(20)   DIFFERENCE  OP  I^ONGITUDE  BETWEEN  GENOA,  NEVADA,  AND  CARSON  CITY,  NEVADA. 


Date, 

1889. 


July  301 

31 
Aug.    I 

2 


Observer  at — 

^__^-  Carson 

Genoa.  ^^^ 


From  From 

Western  or   Eastern  or 


•  C.  H.  Sinclair     R.  A.  Marr 


Genoa 
signals. 

fn,    s. 
o  18*791 
•770 
•687 
•724 


Aug,    3 

4 

5 
ic 


>  R.  A.  Marr        C.  H.  Sinclair  • 


o  18-235 
•280 
•3x0 
•?55 


Carson 
signals. 

m.     s. 

o  18-795 
•765 
•682 

•731 

Mean 

o  18-227 
-267 
271 
•361 


W.-E. 

s. 
—0-004 

+  '005 
+  •005 
—  -007 

O'OOO 

+  -008 

+  -013 

-f-  -039 

-  006 


Mean  of 

West  and     Personal  _r  i«~^*.--i.   a 
East        equation.  °^  loj^tudc  p. 


Mean      +   '014 


signals. 

m.    s. 
o  18-793 
•768 

'684 

•727 


Difference 
ongit 


V. 


s. 

— O  '223 


•743 

o  18  •231 

•274 

-290 

•358 


+0-223 


•28S 

Weighted  mean 


m.    s. 
o  18-570 

•545 
-461 

•504 

•454 
•497 
■513 
•581 

o  18*516 
o  18-516 


1. 

4-    -I- -054 

4  +'029 

5  -'055 
4        —-012 


3 
7 
I 

5 


-062 
— -019 
-003 

+  -065 

±0*0I2 


Transmission  time  variable  on  account  of  changes  in  the  length  of  the  circuit.  For  the  5  days, 
August  I,  2,  3,  4,  5,  it  was  o'-oo6. 

Personal  equation  Sin.  —  M.  =  +  o"228  zfc  o"oi5  ;  same  from  weighted  means  =  -|-  o*'223. 

At  Genoa,  transit  No.  19  was  mounted  on  a  stone  and  brick  pier  in  the  vacant  lot  back  of  the 
store  of  Mr.  Morris  Harris. 

At  Carson  City,  transit  No.  18  was  mounted  on  the  transit  pier  in  Mr.  Charles  W.  Friend's 
observatory,  near  the  corner  of  King  and  Stewart  streets. 

A^Genoa  ( Tigs?)  —  Carson  City,  Friend's  Observatory  ( 7I889)  =0^*  i8"5i6  rbo"oi2. 

(21)   DIFFERENCE  OF  LONGITUDE  BETWEEN  CARSON  CITY,  NEVADA,  AND  AUSTIN,  NEVADA. 


Date, 

1889. 

Observe 

Canson 
City. 

pr  at—                     ^"*™ 
er  ai                   Western  or 

Austin.            S^- 

From 

Eastern  or 

Austin 

signals. 

W.-E. 

Mean  of 
West  and 

East 
signals. 

Personal 
equation. 

DiflFerence 
of  longitude  p. 

V. 

m.     s. 

m.     s. 

s. 

m.     s. 

s. 

m.     s. 

s. 

Aug.  18 

io45'5»2 

10  45  458 

0*054 

10  45  485 

—0*291 

10  45*^94 

13 

+  •026 

19 
20 

'  C.  H.  Sinclair 

R.  A.  Marr 

■503 
•413 

■447 
•363 

•056 
•050 

•475 
•388 

•184 
•097 

7 
6 

+  *oi6 
-071 

21 

• 

496 

*4ii 
Mean 

•085 
*o6i 

'454 
•450 

•163 

5 

-005 

Aug.  24 

10  44*999 

10  44  '928 

*o7i 

10  44^964 

+0*291 

•255 

5 

+  •087 

25 

'  R.  A.  Marr 

C.  H.  Sinclair 

*872 

•804 

*o68 

•838 

•129 

5 

-  039 

26 

•893 

■796 
Mean 

•097 
•079 

•844 

■882 

•»35 
10  45  *i65 

7 

-•033 

Weighted  mean 

10  45  168 

±0*014 

Transmission  time  =  0^*034  ±  o'"oo2. 

Personal  equation  Sin.  —  M.=  -h  o'*284  dr  o'ooS ;  same  from  weighted  means  =  -f  o'"29i. 
At  Carson  City,  transit  No.  18  was  mounted  on  the  transit  pier  in  Mr.  Charles  W.  Friend  \s 
observatory,  near  the  corner  of  King  and  Stewart  streets. 

At  Austin,  transit  No.  19  was  used.     The  station  was  just  west  of  the  Court-House. 
A  ^Carson  City,  Friend's  Observatory  (7^889)  —Austin  (Tlsso)  =  10"  45**i68±o'-oi4. 
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(22)    DIFFERENCE  OF  LONGITUDE  BETWEEN  AUSTIN,   NEVADA,   AND  EUREKA,   NEVADA. 


Date, 

1889. 


Aug.  30 
Sept.    I 

2 

3 


Observer  at — 
Austin.  Eureka. 


From  From 

Western  or  Ea»*em  or 

Austin  Eureka 

signals.         signals. 


Mean  of 


C.H.Sinclair    R.A.Marr 


Sept. 


51 
6 

7 
8 


R.  A.  Marr 


C.H.  Sinclair 


f9€m  Sm 

(  A  27598 
•531 
■561 
•571 


4  27  088 
•085 
•142 

'120 


m.    s. 

4  27 '561 

•501 
■531 
'533 

Mean 

4  27  071 
•058 
•116 
-084 

Mean 


W.-B. 


5. 
0037 

030 

•030 

•038 


DiflFerence 


West  and  Personal  ^ri^^oSJlS.  a 
East      equation.  °'  »onf  t"dc  A 
signals.  '^  ' 


•034 
•017 

*027 

'026 

•036 
026 


m.      s. 

4  27 '579 
■516 
•546 
•552 

•548 

4  27*080 

•072 

129 

•102 


s. 
•0-223 


+0-223 


ttlm  S, 

4  27  356 


2 

•293  7 

•323  6 

•329  6 

•303  8 

•295  6 

•352  7 

•325  6 


V. 


+  038 
-  '025 
+  005 
+  on 


-015 
-023 
+  034 
+  •007 


-096  4  27*322 

Weighted  mean       4  27  -318  ±  0*006 

Transmission  time  =  c/*oi5  dz  o"ooi. 

Personal  equation  Sin.  —  M.  =  -I-  o**226  rb  o"oo6;  same  from  weighted  means  =  -p  c'-223. 
At  Austin,  transit  No.  19  was  mounted  on  a  brick  pier  just  west  of  the  Court-House. 
At  Eureka,  transit  No.  18  wcs  mounted  at  the  station  on  the  east  side  of  the  town,  near  the  east 
end  of  Batenian  street. 

AA.  Austin  (  T,88g)  —  Etu-eka  (  T,t»,)  =  4"  27-318  ±_  cfodS, 


(23)    DIFFF.RENCE  OF  W)NGITUDE  BETWKKN    EUREKA,    NEVADA,    AND  SALT  I^KE  CITY,   UTAH. 


Date, 

1889. 

Observer  at — 
Eureka.          Salt  I«ake. 

From 

Western  or 

Eureka 

signals. 

From 

Kastern  or 

Salt  Lake 

sig^nals. 

W.-E. 

Mean  of 

West  and  Personal 
East       equation, 
signals. 

Difference 
of  longitude  p. 

V. 

Sept.  10 

m,      s. 

r  16  15 '623 

m.    s. 
16  15  565 

J. 

0058 

m.      s.               s. 
»6  15  "594       -0*261 

m.      s. 

16  15-333 

6 

-•C04 

II 
12 

C.H.Sinclair    R.A.Marr 

•694 
•620 

•596 
•530 

•098 
•090 

•645 
•575 

•3'^4 
•314 

4 
6 

-f-c47 
-•C23 

14  1 

•647 

■540 
Mean 

•107 

*o88 

•594 

■333 

5 

-    004 

"602 

Sept.  21 1 

16  15  067 

16  15  004 

•063 

16  15 '035      +0261 

•296 

9 

-*C4I 

23 
24 

R.  A.  Marr         C.  H.  Sinclair 

•167 

*T72 

'083 
-068 

■084 
•104 

•125 
'120 

•386 

•381 

5 

4 

+  •049 
+  •044 

25  J 

•"3 

•017 
Mean 

•096 
*o87 

•065  ' 
-086 

•326 

4 

-  *OII 

»<^  «5*344 

• 

Weighted  mean 

16  15*337 

*-  0*009 

Transmission  time  =  0*044  zfc  o*-oo2. 

Personal  equation  Sin.      M.  =  -f-  o"258  =b  o^ooy;  same  from  weighted  means  =  -f  o*"26i. 
At  Eureka,  transit  No.  18  was  moimted  at  the  station  on  the  east  side  of  the  town,  near  the  east 
end  of  Bateman  street. 

At  Salt  Lake  City,  transit  No.  19  stood  over  the  old  station  pier  established  in  1869  in  Temple  block. 
A^  Eureka  (  Z^sso)  —  Salt  i,ake  City  (  T,s69-sa)  =  16"  15-537  db  0-009. 
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(24)     DIFFERENCE    OF    IX)NGITUDE    BETWEEN    I^AKE    TAHOE,    CAUFORNIA^  AND    CARSON    CITY, 

NEVADA. 


Date, 

1893. 


Aug.     3l 

4 
6 

7 
8 


Observer  at— 


Lake 
Tahoe. 


Carson 
City. 


From 

Western  or 

I<ake  Tahoe 

signals. 


m. 


s. 


C.  H.  Sinclair    G.  Davidson 


Aug.    9 

iz 

13 


>  G.  Davidson      C.  H.  Sinclair  • 


o  44  -432 

•496 

'482 

•476 
•447 

043794 
•739 
•748 


From 

Eastern  or 

Carson  City 

signals. 

o  44  431 
•493 

•473 
•476 
•436 

Mean 

o  43785 

732 

741 

Mean 


W.-E. 


s. 

O'OOI 

'003 
'009 

•000 

•on 


•005 
•009 
•007 
•007 

•008 


Mean  of 
West  and 

East 
signals. 

Iff.       s. 
o  44  '432 

•494 

•478 
•476 

•441 


T>«tHirk«oi     Difference 
Son.  of '"^f""' 


s. 

-0-358 


•464 
043*789 

735 
744 


+0-358 


044  074 

•136 
•120 
•118 

•0833 


3 
3 

7 
4 


•147 
■093 

*I02  9 


J. 
-035 

+   027 

+   011 

+   009 

—  •026 


4      +  "038 

6      —  016 

-•007 


756  o  44  -109 

Weighted  mean        044*109  ±o'oo6 

Transmission  time  =  o"bo3  zt  o"ooo  5. 

Personal  equation  Da.  —  Sin.  =  —  o'*354  =b  o^*oo6;  same  from  weighted  means  =  —  o**358. 

At  Lake  Tahoe,  transit  No.  18  was  mounted  on  a  brick  pier  on  the  east  side  of  the  road  from 
Bijou  to  Glenbrook,  near  the  Lake  Side  Tavern,  at  the  southeast  end  of  the  lake. 

At  Carson  City,  transit  No.  19  was  mounted  on  the  latitude  pier  of  1889  at  Mr.  Friend's  observa- 
tory. This  pier  was  8  01 5  metres  =  o"022  easl  of  the  transit  pier  in  the  observatory,  which  was  used 
for  longitude  work  in  1889. 

A^  Lake  Tahoe,  southeast  end  ( T^s^)  —  Carson  City,  Friend's  Observatory  ( 7^1889)  =  44" '087  rb  o'*oo6. 


(25)    DIFFERENCE    OF  I^ONGITUDE    BETWEEN    SAN    FRANCISCO,   PRESIDIO,    AND    SAN    FRANCISCO, 

I.AFAYETTE  PARK,   CALIFORNIA. 


Date, 
1896. 


Observer  at — 
Presidio. 


I«afayette 
Park. 


Nov, 


II 
12 

13 
14 
20 


Nov.  25 

27 
28 

29 
30 


O.  B.  French     F.  Morse 


>  F.  Morse 


O.  B.  French 


From 

Western  or 

Presidio 

signals. 


o  05-945 

•943 

•877 

■931 

•842 


o  06 -008 

05*964 

05  "984 

06  003 

06  "013 


From 

Eastern  or 

I^afayette 

Park  signals. 

o  05  -946 

■943 
•879 
•929 

•843 

Mean 
o  06 '009 

05  967 
05-987 
05  998 
06 '013 

Mean 


W.-E. 


J. 

— O'OOI 

"000 

—  '002 
+     '002 

—  "OOI 


"OOO 
—     "OOI 

—  '003 

-  -003 

+  '005 
000 

"OOO 


Mean  of 
West  and 

East 
signals. 

ftt.      s. 

o  05  -946 

•943 
•87S 

•930 
-842 

•908 

o  06 '008 

05  966 
05-986 

o6'ooo 
06-013 


Personal  ,?!![S!J!;f^, 
equation.  °^  longitude 


s. 

+0-040 


—0-040 


05  995 
Weighted  mean 


w.      s, 
o  05-986 

•9»3 
•91S 
•970 
•882 


•968 
•926 
•946 
•960 
•973 


o  05  -951 
o  05  -952 


5 
8 

4 
4 
5 


3 

4 

10 

5 
4 


s. 
+  •034 
+  •031 
-034 
+  -01S 
—  •070 


+  -016 
—  •026 
-006 

+  008 

+  -021 

±0*007 


Transmission  time  =  o^ooo  d=  o'"ooo  3. 

Personal  equation  Mo.  —  Fr.  =  +  o"043  =t  o*oo8 ;  same  from  weighted  means  =  -f  «yo4o. 
The  Presidio  station  was  established  in  1896  in  the  Presidio  Military  Reservation.     Transit  No.  3 
was  mounted  on  the  west  pier  in  the  frame  observatory. 

At  Lafayette  Park,  transit  No.  4  was  mounted  on  the  western  or  standard  pier  of  1881. 

A'^  San  Francisco,  Presidio  (Zlsgo^)  —  San  Francisco,  Lafayette  Park  ( T^xsai-e?)  =  5**952  dbo" '007. 


TRANSCONTINENTAL  TRI ANGULATION — PART   VI — LONGITUDES.      821 


(26)   DIFFERENCE  OF  I.ONGITUDE  BETWEEN  WASHINGTON,  DISTRICT  OF  COI.UMBIA,  AND 

DOVER,  DELAWARE. 


Date, 

1897. 


May    7 

8 

9 

15 


Observer  at— 

Coasl  and 
Geodetic  Sur-  Dover. 

vey  Office. 


From 
Western  or       From 
Coast  and     Eastern  or 
Geodetic         Dover 
Survey  Office    signals, 
signals. 


C.  H.  Sinclair    O.  B.  French 


O.  B.  French      C.  H.  Sinclair . 


fff  •      s, 
5  56-818 

•781 

-812 

•683 


5  56-240 
•288 
•240 

•271 


5  56722 
•679 
•710 
•619 

Mean 

5  56  •181 

■209 

•177 
•210 

Mean 


W.-E. 


s. 
0096 

'102 

*I03 
•064 

•091 

•059 
•079 
•063 
•061 


Mean  of 

West  and    Personal  ^*  i«.„^*.,j«    ^ 
East        equation.  °^  1°^?^"<*«    A 
signals. 


Difference 
)ngit 


•065 


m.     s. 
5  56  770 

730 
•761 

;65i 

■728 

5  56 '210 
•249 
•209 
•240 


s. 
— o  '251 


+0-251 


m,      s. 
5  56-519 

•479 
•510 

'400 


*46i 
•500 
'460 

•491 


5 
8 

4 

4 

3 
4 
6 

7 


s. 

+  •040 

•000 
+  •031 
-•079 

—  •018 

+  '021 
— 'OI9 
+  •012 


•227  556-478 

Weighted  mean      5  56  '479  ±0  "009 

Transmission  time  with  repeater  =  o* '047  ±  o"oo2. 

Transmission  time  without  repeater  =  o" '031  d=o"ooi. 

Personal  equation  Sin. — Fr.  =  -f-  o'*25i  ± o"*oi2 ;  same  from  weighted  means  =  -f  o"25i. 

At  Washington,  the  station  of  the  Coast  and  Geodetic  Survey  Office  was  used.  Transit  No.  19 
was  mounted  on  the  east  pier,  in  the  small  wooden  observatory,  in  the  lot  south  of  the  office  building. 

At  Dover,  transit  No.  18  was  mounted  on  a  brick  pier  in  a  lot  just  east  of  and  adjoining  the 
Court-House. 

A^  Washington,  Coast  and  Geodetic  Survey  Office  (  7*1896^ ) —Dover  (  T'lSjy)  =  5*  56* '479 
iho"oo9. 

(27)   DIFFERENCE  OF  IX)NGITUDE  BETWEEN  UKIAH,   CALIFORNIA,    AND  SAN   FRANCISCO,   PRESIDIO, 

CALIFORNIA. 


Date, 

1897. 

Observer  at— 
Ukiah.          San  Francisco. 

From 

Western  or 

Ukiah 

signals. 

From 

Eastern 

or  San 

Francisco 

signals. 

W.-E. 

Mean  of 
West  and 

East 
signals. 

Personal 
equation. 

Difference 
of  longitude 

A 

V. 

Nov.  17 1 

m.      s. 

r  3  01 -725 

m.     s. 
3  01 701 

s. 

0'024 

m.      s. 
3  0i7r3 

s. 
-0-340 

m.     s. 
3  01  373 

z 

s. 

-048 

23 
25 

C.  H.  Sinclair    H.  P.  Ritter 

■870 

•783 

•802 

•757 

068 
•oa6 

•836 
•770 

•496 
•430 

z 
I 

+  •075 
+  •009 

27  J 

i         740 

•705 
Mean 

035 

72a 

•38a 

z 

-•039 

•038 

•760 

Dec.    1 

r  3  01  -084 

3  01  '061 

•023 

3  01  072 

+0-340 

•412 

I 

-009 

2 

H.  P.  Ritter        C  H.  Sinclair 

•137 

•102 

•035 

'120 

•460 

I 

+  •039 

3 

•068 

•034 
Mean 

•034 

•051 

•391 

z 

—  •030 

•031 

•081 

3  01  -421 

Weighted  mean 

3  01  -421 

±0  -ozs 

Transmission  time  =  o»'oi7  dr  o**oo2. 

Personal  equation  Sin. — R.  =  +  o*  '340  ±  o»'oo9 ;  same  from  weighted  means. 

The  Presidio  station  was  established  in  1896  in  the  Presidio  Military  Reservation.  Transit  No.  3 
was  mounted  on  the  west  pier,  in  the  frame  observatory. 

At  Ukiah,  transit  No.  4  was  mounted  on  a  brick  pier,  near  the  southeast  comer  of  the  lumber 
yard  of  F.  M.  Mason.  It  was  io5*'20  south,  and  36'"'99  (or  o"ioo)  west  of  the  flagstaff  on  the  Court- 
House  cupola. 

A^  Ukiah  ( T'xsg?)  —  San  Francisco,  Presidio  ( 7^x896-97)  =  3'"  oi*'42i  dbo"oi3. 
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(28)    DIFFERENCE  OF  I.ONGITUDE  BETWEEN  SALT  LAKE  CITY  AND  GREEN   RIVER,  UTAH. 


Date, 

1898. 

Observer  at—                    From 

Western  or 
Salt  Lake.       Green  River.      Salt  Lake 

signals. 

From 

Eastern  or 

Green  River 

signals. 

W.-E. 

Mean  of 

West  and  Personal 
East       equation, 
signals. 

Difference 
of  longitude 

P- 

V. 

^ug.     I 

m.      s. 
r    6  55  440 

tn.      s. 

6  55*417 

J. 
0-023 

m.      s.              s. 

6  55  428       4-0  -2x3 

m.      J. 
655*641 

3 

s. 

+  007 

2 
8 

.  F.  Morse         C.  H.  Sinclair  < 

•467 
•403 

•426 
•381 

•041 
022 

•447 
•392 

•660 
•605 

4 
5 

+  026 

-029 

9'                                                     ^             447 

'402 
Mean 

*045 
*o33 

•424 
•423 

•637 

6 

+  •003 

vug.  13] 

- 

r  655-866 

6  55  834 

032 

655*850       -0-213 

•637 

6 

+  003 

14 
16 

-  C.  H.  Sinclair          F.  Morse  • 

•845 
•905 

•779 
•863 

•066 
■042 

•812 
•884 

•599 
■671 

* 

4 

-035 
+  •037 

17J 

I            -884 

•838 
Mean 

•046 
047 

-861 

•648 
6  55  -637 

5 

-f-'ot4 

•852 

Weighted  mean 

6  55 '634 

-^o-oo6 

Transmission  time  =o» '020^10" '002. 

Personal  equation  Sin. — Mo.  =  -{  cf'215  =*=  o"oo9;  same  from  weighted  means  =  -f-  o"2r3. 
At  Salt  Lake  City,  transit  No.  18  stood  over  the  old  station  pier  established  in  1869,  in  Temple  block. 
At  Green  River,  transit  No.  19  was  mounted  on  a  brick  pier  west  of  the  depot,  on  land  belonging 
to  the  railroad  company. 

AA.  Salt  Lake  City  (  71869^58)  -  Green  River  (  Tiggs)  =  6'»  55"634  dbo"oo6. 


Date, 

1898. 


Aug.     r 
28 

30 
31 

Sept.    I 

2 

3 
4 


(29)    DIFFERENCE  OF  LONGITUDE  BETWEEN  OASIS  AND  SALT  LAKE  CITY,    I7TAH. 
Observer  at — 


Oasis. 


Salt  Lake. 


F.  Morse 


C.  H.  Sinclair 


C.  H.  Sinclair 


F.  Morse 


From 
Western 
or  Oasis 
signals. 

tn.      s. 
2  56  '330 

327 
•373 
-291 

2  56752 
•756 
*732 
739 


From 

Eastern  or 

Salt  Lake 

signals. 

M.        S. 
2  56  -307 

•295 

"349 
•262 

Mean 

2  56727 

•731 
•706 

-712 
Mean 


W.-E. 

5. 
0023 

*03i 
•024 
•029 

•027 
025 
-025 
•026 
•027 


Wes^"aSd  Personal  ^P;^!!^?,?!^    . 
East      equation.  °^  longitude    /. 

signals.  ^** 


-026 


fft,      s.  s, 

2  56-318         -f0-2II 

•3" 
•361 
•277 

■317 
2  56-740         —0-21 1 

743 
•719 
•726 

*732 
Weighted  mean 


tn.      s. 
2  56  529 
-522 

•572 
•488 


•529 

•532 
•508 

•515 

2  56524 
2  56  -521 


4 

4 
4 
7 

5 
5 
4 
6 


V. 


s. 

+  •008 

+  •001 
+  051 

-*033 


+  ■008 

+  *OII 

-  013 
-006 

:f.o*oo6 


Transmission  time  =  o^'oi3  =t  o^'ooi. 

Personal  equation  Sin.— Mo.  =  -f-o^"2o8d:o'*oo7;  same  from  weighted  means  =  -t-o'*2ii. 
At  Oasis,  transit  No.  19  was  mounted  on  a  brick  pier  southwest  of  the  depot. 

At  Salt  Lake  City,  transit  No.  18  was  mounted  over  the  old  station  in  Temple  block,  established 
in  i869, 

AA.  Oasis  (  T^B9a)  —  Salt  Lake  City  ( 7^869.98)  =  2*"  56-521  ±  o"oo6. 
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C.  SYNOPSIS  OF  OBSERVED  DIFFERENXES  OF  I^ONGITUDE. 


No. 

Year. 

Month. 

Western  station. 

Refer- 
ence. 

Eastern  station. 

Refer- 
ence. 

Observed 
difference 

of 
longitude. 

Proh.    R^> 
able      *^^-^^ 

^»'^^^-  weight 

I 

1879 

July 

Parkersburg,  111. 

A 

Detroit,  Mich. 

Tr. 

19 

s. 
55390 

s. 
±0  040       16 

2 

1S81 

June 

Strasburg,  Va. 

Tr. 

Washington,  D.  C.      | 

Dome, 
old  site 

}^ 

14  227 

-008         I 

3 

i88i 

Nov. 

Vincennes,  Ind. 

Tr. 

Nashville,  Tenn. 

Tr. 

2 

57-891 

•018         3 

4 

1881 

Nov.  and  Dec. 

Saint  Louis,  Mo. 

Tr.  1882 

Vincennes,  Ind. 

Tr. 

10 

43  235 

-006         I 

5 

1882 

July  and  Aug. 

Charlottesville,  Va. 

Tr. 

Washington,  D.  C.      { 

Dome, 
old  site 

}^ 

53  187 

•014         a 

6 

18S3 

Aug.  and  Sept.' 

Louisville,  Ky. 

Tr. 

Charleston,  W.  Va. 

Tr. 

16 

31  506 

•015         2 

7 

1885 

Sept. 

Ellsworth,  Kans. 

Tr. 

Kansas  City,  Mo. 

Tr. 

14 

32  980 

on           I 

8 

18S5 

Sept.  and  Oct. 

Wallace,  Kans. 

Tr. 

Ellsworth,  Kans. 

Tr. 

13 

27-268 

•009         I 

9 

18S5 

Oct. 

Colorado  Springs, Colo 

.     Tr. 

Wallace.  Kans. 

Tr. 

12 

54-822 

'020         4 

10 

1S86 

June  nnd  July 

Gunnison,  Colo. 

Tr. 

Colorado  Springs, Colo. 

Tr. 

8 

25  335 

•007         I 

II 

1S86 

July  and  Aug. 

Grand  Junction,  Colo. 

Tr. 

Colorado  Springs, Colo. 

Tr. 

14 

58-891 

■013         2 

12 

1887 

May  and  June 

San  Francisco,  Cal. 

L.  P. 

San  Francisco,  Cal. 

W.  Sq. 

0 

04-420 

•006         I 

.5 

188.S 

Oct.  and  Nov. 

San  Francisco,  Cal. 

L.  P. 

Mount  Hamilton,  Cal. 

Obsy. 

3 

07966 

■013         2 

14 

1889 

Jan. 

Point  Arena,  Cal. 

Tr. 

Sau  Francisco,  Cal. 

L.  P. 

5 

04*246 

-008         1 

15 

1889 

Jan.  and  Feb. 

Point  .\rena,  Cal. 

Tr. 

Sacramento,  Cal. 

Tr. 

8 

48  675 

•007         I 

x6 

1889 

Feb.  and  Mar. 

Marysville,  Cal. 

Tr. 

Sacramento,  Cal. 

Tr. 

0 

22  799 

•007         I 

17 

1889 

June  and  July 

Sacramento,  Cal. 

Tr. 

Verdi,  Nev. 

Tr. 

6 

02-866 

•007         I 

18 

1889 

July 

Verdi,  Nev. 

Tr. 

Carson  City,  Nev. 

Tr.  1889 

0 

52-560 

-008         I 

19 

1889 

July 

Carson  City,  Nev. 

Tr.  1889 

Virginia  City,  Nev. 

Tr. 

0 

28-168 

-006         I 

20 

1889 

July  and  Aug. 

Genoa,  Nev. 

Tr. 

Carson  City,  Nev. 

Tr.  1889 

0 

18-516 

'012         I 

21 

1889 

Aug. 

Carson  City,  Nev. 

Tr.  1889 

Austin,  Nev. 

Tr. 

10 

45  168 

•014         2 

22 

1889 

Aug.  and  Sept. 

Austin,  Nev. 

Tr. 

Eureka,  Nev. 

Tr. 

4 

27-318 

■006         I 

23 

1889 

Sept. 

Eureka,  Nev. 

Tr. 

Salt  Lake  City,  Utah. 

Tr. 

16 

15  -337 

-009         I 

24 

1893 

Aug. 

Lake  Tahoe.SE.,Cal. 

Tr. 

Carson  City,  Nev. 

Tr.  1889 

0 

44-087 

•006         I 

25 

1896 

Nov. 

San  Francisco,  Cal. 

Presidio 

San  Francisco,  Cal. 

L.  P. 

0 

05  952 

-007         I 

26 

1897 

May 

Washington,  D.  C. 

Office 

Dover,  Del. 

Tr. 

5 

56 '479 

•009         I 

27 

1897 

Nov.  and  Dec. 

Ukiah,  Cal. 

Tr. 

San  Francisco,  Cal. 

Presidio 

3 

01  '421 

■013         2 

28 

1898 

Aug. 

Salt  Lake  City,  Utah. 

Tr. 

Green  River,  Utah 

Tr. 

6 

55-634 

-006         I 

29 

1898 

Aug.  and  Sept. 

Oasis,  Utah. 

Tr. 

Salt  Lake  CUy.  Utah. 

Tr. 

2 

56-521 

•006         I 

In  the  above  measures  there  are  4  independent  conditions  to  be  satisfied.  Vin- 
cennes connects  with  2  stations  whose  longitudes  were  fixed  by  the  adjustment  of  the 
longitude  net  (Appendix  No.  2,  Report  for  1897).  *  Point  Arena  also  connects  with  2 
fixed  stations.  The  adjusted  stations  Colorado  Springs  and  Kansas  City  are  connected 
by  a  chain  of  3  links  through  Wallace  and  Ellsworth,  and  Sacramento  and  Salt  Lake 
City  are  connected  by  a  chain  of  5  links  through  Verdi,  Carson  City,  Austin,  and 
Eureka. 

D.    ADJUSTMENT    OF    SECONDARY    STATIONS    AND     REFERENCE    TO 

STANDARD    LONGITUDE    NET. 

What  little  adjustment  is  necessary  in  determining  the  longitudes  of  these  sec- 
ondary stations  is  made  according  to  the  method  explained  in  full  in  connection  with 
the  adjustment  of  the  longitude  net.  (Appendix  No.  2,  Report  for  1897.)  The 
weights  used  are  derived  from  the  probable  errors  of  the  observed  differences  of  longi- 
tude. 

The  reciprocal  of  the  weight  given  in  the  last  column  of  the  preceding  table  or 


-T=  «  =  f»  X  10*,  any  probable  error  less  than  d=o*'oo8  being  regarded  as  indicating  a 
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fictitious  accuracy.     The  nearest  integer  in  the  value  of  e^  is  as  great  a  refinement  as 
the  circumstances  will  warrant. 

With  respect  to  the  probable  error  of  a  resulting  longitude,  it  was  found  that  the 
probable  error  of  longitude  of  stations  in  the  longitude  net  varies  from  ±o**049  at 
Washington  to  ±0**055  ^^  San  Francisco.  The  probable  error  of  the  secondary''  longi- 
tudes may  safely  be  taken  as  only  slightly  in  excess  of  primary  stations  in  the  same 
locality,  say,  about  d=o'''o50  for  stations  as  far  west  as  Charleston,  West  Virginia,  and 
d=  o*'055  for  stations  farther  to  the  west. 

ADJUSTMENT  OF  THE  LONGITUDE  TRIANGI,E  ST.    I^UIS-NASHVILLE-VINCENNES. 

No.  52. 


0. 

Western  station. 

Eastern  station. 

Observed 

AA.                   " 

I 

Correction. 

Adjusted 
A*. 

St.  Louis 

Nashville 

fn,         s. 

5. 

13 

s. 
41  -173 

3 

Vincennes 

Nashville 

2    57-891 

3 

+0-035 

-•2 

57  926 

4 

St.  Louis 

Vincennes 

10    43*235 

I 

+     "012 

10 

43 '247 

Observation  equation 
Normal  equation 

0  = 
0  = 

-  o-  -047  +  (3)  +  (4) 

-  -047  +4C 

C 

(3) 
(4) 

-=-fo".*oii  8 

=  +    "035 

=  4-     -012 

; 

ADJUSTMENT    OF    THE    I^ONGITUDE    POI^YGON     COLORADO    SPRINGS-WAI,LACE-ELI<SWORTH-KANSAS 

CITY. 

No.  53. 


7 
8 


CdlorcucLo  Springs 


-^^^Kanscus  Cvty 


WcMxjuce 


ISUsY/orOv 


No.     Western  station. 


Eastern  station. 


Colorado  Springs 
Ellsworth 
Wallace 
Colorado  Springs 

Observation  equation 
Normal  equation 


Kansas  City 
Kansas  City 
Ellsworth 
Wallace 


o 
o 


observed 
fH»  S, 

14     32  -980 

13    27  '268 
12    54  '822 

o-236-f(7) 
•236  -h6C 


«-i. 


I 
I 

4 

(8)  +  (9) 
C 

(7) 
(8) 
(9) 


Correction. 
5. 

4-0 '040 

+    '039 
+    '157 


+  C039  3 
+     •040 

+     *039 
+     '157 


Adjusted 

A^ 

tH,         5. 

40     55*306 

14  33*020 
13  27-307 
"    54*979 


TRANSCONTINENTAL  TRIANGULATION — PART  VI — LONGITUDES.      825 


ADJUSTMENT  OF  THE  I.ONGITUDE  POI.YGON  SACRAMENTO-VERDI-C ARSON  CITY-AUSTIN-EUREKA- 

SALT  I^AKE  CITY. 

No.  54- 


VerM.  .  Carsort  City  _ 

SalbLfxhe  Cii 

^ 

ScLcrctnvento 

HuureJuxy 

No.       Western  station.                Eastern  station. 

Observed 

i#=ai.         Correction. 
P 

Adjusted 

Sacramento                   Salt  Lake  City 

m.          5. 

s. 

m.          s. 
38     23  -214 

17 

Sacramento                   Verdi 

6    02*866 

I.            --o*oo6 

6    02860 

18 

Verdi                             Carson  City 

0    52-560 

I            — o*oo6 

0    52*554 

21 

Carson  City                   Austin 

10    45  '168 

2                —0  -01 1 

10    45*157 

22 

Austin                            Eureka 

4    27-318 

I                —0-006 

4    27-312 

23 

Eureka                          Salt  Lake  City 

16     15  "337 

I                —0-006 

16     15-331 

Observation  equation 
Normal  equation 


o  =  -f  0-035  Tt-  (17)  +  (18)  4-  (21)  +  (22)  +  (23) 
o  =  -j-  o  -035  4-  6C  C  =  —  o  -005  8 

(17)  =  — o»-oo6 

(18)  =  —      -006 

(21)  =  —       'Oil 

(22)  =  —      -006 

(23)  =  —      '006 


[adjustment  of  the  I/JNGITUDE  TRIANGI.E  SACRAMENTO-SAN   FRANCISCO-POINT  ARENA. 

No.  55. 


Na 

Western  station. 

Eastern  station. 

Observed               ^     i 

Correction. 

Adjusted 

AA. 

San  Francisco 

Sacramento 

m.          s. 

s. 

m.         s. 
3    44*474 

14 

Point  Arena 

San  Francisco 

5    04  -246              I 

—0  -023 

5    04  -223 

15 

Point  Arena 

Sacramento 

8    48-675              I 

-f-    -022 

8    48-697 

Observation  equation 
Normal  equation 

0  = 
0  = 

—  o* 

•045 -(14) +  (15) 
•045  -h  2C                       C 

(14) 
(15) 

=  +  0  -022  5 
=  —  o"  -023 

=  -I-      -022 
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E.  RESULTING  STANDARD  LONGITUDES. 

The  following  standard  longitudes  west  of  Greenwich  are  taken  from  the  adjustment 
of  the  general  longitude  net : 


Cape  May,  Transit,  New  Jersey 

Washington,  TtBnsit,  United  States  Coast  and  Geodetic  Survey  Office,  District  of  Columbia 
Washington,  Dome  of  United  States  Naval  Observatory,  old  site,  District  of  Columbia 
Washington,  clock  room  of  United  States  Naval  Observatory,  new  site,  District  of  Columbia 

*  Detroit,  Transit  of  1891,  Michigan 

Cincinnati,  Dome  of  Mount  Lookout  Observatory,  Ohio 
Louisville,  Transit,  Kentucky 

•  Nashville,  Transit,  Tennessee 
Saint  Louis,  Transit  of  1882,  Missouri 
Kansas  City,  Transit,  Missouri 

Colorado  Springs,  Transit  of  1885-86,  Colorado 

Salt  Lake  City,  Transit,  Utah 

Ogden,  East  Transit  in  west  room  of  Engineer's  Observatory,  Utah 

Sacramento,  Transit,  California 

San  Francisco,  Transit,  Lafayette  Park,  California 


Time. 
h.  m.    s. 

4  59  43  045 

5  08  01 -709 
5  08  12  153 
508  15-784 
5  32  II  -830 

5  37  41  398 
5  43  03  636 

5  47  08  083 

6  00  49*256 
6  18  21  '404 

6  59  16  710 

7  27  35  '173 

7  27  59  706 
805  58387 

8  09  42  -861 


Arc. 


n 


74554568 

77  00  25  -64 
77  03  02  30 
77  03  56  76 

83  02  57  45 

84  25  20 '97 

85  45  54  54 

86  47  01 '24 
90  12  18-84 
94  35  21  -06 

104  49  10  "65 
"I  53  47 "60 

»"  59  55*59 

121  29  35  80 

122  25  42*93 


By  combination  with  the  differences  of  longitude  on  preceding  pages,  the  following 
additional  longitudes  of  stations  along  the  arc  are  obtained : 


Dover,  Transit,  Delaware 
Strasburg,  Transit.  Virginia 
Charlottesville,  Transit,  Virginia 
Charleston,  Transit,  West  Virginia 
Vincennes,  Transit.  Indiana 

Parkersburg,  Triangulation  Station,  Illinois 
Ellsworth,  Transit,  Kansas 
Wallace,  Transit.  Kansas 
Gunnison,  Transit,  Colorado 
Grand  Junction,  Transit,  Colorado 

Green  River  Transit,  Utah 
Oasis,  Transit,  Utah 
Eureka  Transit,  Nevada 
Austin.  Transit,  Nevada 
Virginia  City,  Transit,  Nevada 

Carson  City,  Transit  of  1889,  Nevada 

Genoa,  Transit,  Nevada 

Lake  Tahoe,  Southeast,  Transit,  California 

Verdi,  Transit,  Nevada 

Marysville,  Transit,  California 

Mount  Hamilton,  Lick  Oliservatory  Transit  house,  California 
San  Francisco,  Transit,  Washington  Square,  California 
San  Francisco,  Transit,  Presidio,  California 
Ukiah,  Transit.  California 
Point  Arena,  Transit,  California 


Time. 

Arc. 

k.  m.    5. 

0    /       If 

5  02  05 -230 

75  31  18-45 

5  13  26-380 

78  21  35-70 

5  14  05  -340 

78  31  20  10 

5  26  32  130 

81  38  01 '95 

5  50  06-009 

87  31  30  14 

5  52  07 -220 

88  01  48-30 

6  32  54-424 

98  13  36  36 

6  46  21  -731           1 

01  35  25  96 

7  07  42  045           ] 

'06  55  30-68 

7  14  15-601            1 

to8  33  54  02 

7  ao  39  539           ] 

tio  09  53  08 

7  30  31  -694           1 

ti2  37  55*41 

7  43  50504           1 

"5  57  37  56 

7  48  17*816           ] 

[17  04  2724 

75834-805           ] 

H9  38  42  08 

7  59  02  973           ] 

1194544*60 

7  59  21  -489 

119  50  22  34 

75947060 

"9  56  45  90 

7  59  55  527 

"9  58  52  90 

8  06  ai  '186 

121  35  17*79 

80634-895           : 

121  38  43  42 

8  09  38 -441           1 

t22  24  36-62 

80948-813           ] 

t22   27   12-20 

8  12  50-234 

'23  12  33*51 

81447084           ] 

[23  41  46*36 

*  Not  on  the  transcontinental  triangulation* 
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VII.  THE  GEOGRAPHIC  POSITIONS  AND  COMPARISON 
OF  THE  ASTRONOMIC  AND  GEODETIC  RESULTS. 
PRELIMINARY  COMBINATION  OF  AMERICAN  ARCS 
FOR  DETERMINING  THE  EARTH'S  FIGURE 


A.  GEOGRAPHICAL  COORDINATES  OF  THE  STATIONS  COMPOSING  THE 
TRANSCONTINENTAL  TRIANGtJLATION  AND  THE  MEASURE  OF 
THE  ARC  IN  LATITUDE  39°. 

The  angles  and  length  of  sides  of  the  triangulation  extending  from  the  Atlantic  to 
the  Pacific  Ocean  along  the  parallel  of  39°  were  given  in  Part  III.  These  data  were 
derived  from  the  adjustment  of  the  angular  measures  in  order  to  satisfy  the  internal  or 
geometric  conditions  of  the  triangulation  as  well  as  to  produce  perfect  accord  between 
the  measured  lengths  of  the  several  interspersed  base  lines.  The  next  step  to  be  taken 
was  a  preliminary  computation  of  the  geodetic  coordinates  of  the  astronomic  stations,  so 
that  the  astronomic  and  geodetic  results  could  be  compared  and  standard  geodetic  data 
(latitude,  longitude,  and  azimuth)  determined.  This  first  or  provisional  systematic 
position  computation  over  the  adjusted  triangulation  was  started  in  the  East,  before  the 
adjustment  of  the  western  part  had  been  completed.  It  was  based  upon  the  Clarke 
Spheroid  of  1866,  and  was  made  by  means  of  the  formulae  customarily  employed  on  the 
Survey.  Their  derivation  together  with  the  tables  for  facilitating  their  use  will  be 
found  in  Appendix  No.  9,  Coast  and  Geodetic  Survey  Report  for  1894,  PP-  279-348.* 
These  formulae  are: 

—  A  ^  =  ^  cos  a  ,  B  -\-  ^  sin  »«  .  C  -\-  (5(p)'  ,  D  —  h^  sin«  a  .  E 
^X  =  s  sin  a  sec  q>^  .  A 

—  Aa^  =  AAsin  i  (^-f  <?>*)  sec}  ( A9>)  +  (AA)^ .  F 


where 


9>'  =  9)  f  A9>  and  —  dq>  =  s  cos  a  .  ^  -j-  -^  sin»  a  .  C —  hs'  sin'  a  .  E 

X^  =  X-\- ^X  also  k  =s  cos  a  .  B 

a^  —  a-\-  A«^  -f  180^ 


These  formulae  answer  for  triangles  of  ordinary  size,  but  for  sides  much  exceeding  1° 
(or    III    kilometres)   an  additional  term   in   the  development  of  the  expression  for 

—  A^  may  become  sensible,  viz. — 

-  i  s'C^E+i  s'cos'  a.  Q£+i  5»  cos' a  sec"  (p.A\C,aLTC'  i",  where  C,  =  s"  iyin' a .  C 

*In  /aj/ line  of  footnote,  p.  2S9;  for  [<S-5ogo]  rcrd  [8-2308]. 

«3i 


832 


UNITED  STATES  COAST  AND  GEODETIC  SURVEY. 


as  developed  by  Mr.  M.  H.  Doolittle.  This  term  only  demanded  attention  for  the  longer 
sides  of  the  triangulation  across  the  western  section  of  the  arc* 

Respecting  the  nature  of  the  cur\^e  connecting  two  triangulation  stations,  we  may 
regard  it  as  a  line  of  alignmentf  (Clarke)  at  every  point  of  which  the  azimuths  of  the 
terminal  stations  differ  i8o°.  It  has  the  advantage  over  a  geodetic  line  of  having  the 
direction  of  its  first  element  ds  at  each  station  coincident  with  the  direction  of 
the  theodolite  when  pointed  to  the  opposite  station,  whereas  in  the  case  of  the  geodetic 
line  there  is  an  abrupt  angular  deviation  which  calls  for  special  computation,  since 
the  line  is  not  directly  observable.  Both  curves  are  tortuous.  With  respect  to  length 
between  two  fixed  positions,  there  is  no  practically  appreciable  difference  whether  we 
conceive  the  connecting  line  to  be  an  elliptic  arc,  a  line  of  alignment,  or  a  geodetic  line. 
The  line  of  alignment,  like  the  geodetic  line,  ordinarily  lies  between  the  two  elliptic 
arcs,  but  the  latter  line  may  deviate  widely  from  or  be  wholly  outside  them  under 
certain  conditions,  depending  upon  near  equality  in  the  latitudes  of  the  terminals. 

The  geodetic  positions  of  the  astronomic  stations  as  derived  from  the  provisional 
position  computation  and  checked  by  a  double  computation  are  given  in  the  following 
table  of  comparisons  of  astronomic  and  geodetic  values.  The  astronomic  latitudes  are 
taken  from  Part  IV,  azimuths  from  Part  V,  and  longitudes  from  Part  VI. 

B.  COMPARISON  OF   ASTRONOMIC   AND   PROVISIONAL   GEODETIC 

MEASURES. 


0       /        // 

' 

9>  =  38  54  50  -82 

Provisional 

position  of  station 

"Hay 

S." 

A—   99  16  16-36 

k 

^  =  359  44  19  '00  to  Lacrosse. 

I. 

LATITUDES. 

Comparison  of  asironotnic  and  provisional  geodetic  latitudes. 

No. 

Name  of  astronomic 
station. 

Sec- 

r\Ko^».<i^    onds  of 
Observed 

astronomic     ?_.^1    /  Pjs  x 

latitude.       ^ffjf    <^-^^ 

tude. 

No. 

Name  of  astronomic 
station. 

Observed    ' 
astronomic 
latitude. 

Sec- 
onds of 

detic 
lati- 
tude. 

(A-G) 

O      /          /' 

tt 

/» 

0    /       // 

It 

n 

I 

Cape  May  (astronomic 

15 

United  States  Naval  Ob- 

station) 

38  55  44  63 

47-12 

-2-49 

servatory,  new  (clock 

2 

Cape  Henlopeu 

38  46  40  07 

40-57 

-0-50 

room) 

38  55  1374 

15-49 

-175 

3 

Dover 

39  09  13  "47 

19-18 

-571 

16 

Causten 

38  55  32-02 

3341 

-X'39 

4 

Principio 

39  35  3-2  75 

35 '14 

-2 '39 

17 

Georgetown  College  Ob- 

5 

Poole  Island 

39  17  17 '52 

1411 

+3-41 

servatory  (dome) 

3854  25  79 

38-40 

-2-61 

6 

Calvert 

3S  21  31  71 

32  76 

-I  05 

18 

Rock  vi  lie 

39  05  10  42 

09 -68 

+074 

7 

Taylor 

38  59  46  '07 

46  94 

-087 

19 

Sugar  I/>af 

39  15  49 '54 

44  25 

+5  29 

8 

Marriott 

38  52  2-,  05 

26 -28 

-1-23 

20 

Maryland  Heights 

39  20  32-19 

26  90 

+5  29 

9 

Webb 

39  05  25  35 

24  76 

+0  '59 

21 

Bull  Run 

38  52  56  72 

5268 

+4-04 

10 

Hill 

3B  53  52  36 

52  ^3 

-047 

22 

Strasburg 

38  59  31  56 

28-42 

+3-M 

II 

Soper 

39  05  10 -61 

1040 

4-0-2I 

23 

Clark  Mountain 

38  18  39  -60 

3982 

—0-22 

12 

Beaton 

38  53  25-12 

27-42 

—2-30 

24 

Charlottesville,  McCor- 

n 

Coast  and  Geodetic  Sur- 

mick       Observatory 

vey  Office.observatory 

(transit) 

38  01  6x  ■09 

56  52 

+4-57 

in  yard 

38  53  07  -35 

10-60 

-3-25 

25 

Long  Mountain 

37  17  28-84 

26-10 

+2-74 

14 

United  States  Naval  Ob- 

26 

Elliott  Knob 

380957-08 

SS'ii 

-I  03 

servatory,  old  (dome) 

3S53  3878 

4072 

-1-94 

27 

Keeney 

37  46  23-07 

24-13 

-X05 

♦  For  the  line  Ibepah  to  Ogden  Peak.  230  kilometres  in  length,  this  term  amounts  to  &''o^ 

t  Bremiker's  -'Feldlinie." 
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Comparison  of  astronomic  and  provisional  geodetic  latitudes — Completed. 


No. 


28 

30 

31 
32 

33 
34 
35 
36 

37 

38 

39 
40 


41 
42 
43 
44 

45 
46 

47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 

59 
60 

61 

62 

63 
64 
65 
66 

67 
68 

69 
70 


Name  of  astronomic 
station. 


Observed 

astronomic 

latitude. 


Sec- 
onds of 
Ifeo-       Av 
etic    (A-G) 
lati- 
tude. 


<£ 


Charleston 

Pincy 

Gould 

Minerva 

Mount  I/mkout  Obser- 
vatory (dome) 

Reizin 

Weed  Patch 

Vincennes 

Parkersburjf,  Triangu- 
latioti  Station 

OIney  West  Ba.se,  Tri- 
angulation  Station 

Newton 

Bording 

St^  Louis  University  { re- 
ferred to  Second  Pres- 
byterian Church) 

Jefferson  City 

Hunter 

Kansas  City 

Adams 

Salina  West  Base 

Ellsworth 

Russell  Southeast 

Wallace 

Adobe 

HI  Paso  Hast  Base 

Colorado  Springs 

Pikes  Peak 

Mount  Ouray 

Treasury  Mountain 

GunnLson,  Colorado 

Uncompahgre 

Grand  Junction 

Tavaputs 

Mount  Waas 

Green  River 

Patmos  Head 

Mount  Ellen 

Wa.satch 

Mount  Nebo 

Gunnison,  Utah 

Ogden  Peak 

Salt  I^ke  City 

Ogden  Observatory, 
longitude  pier 

Waddonp 

Antelope 


38  21  06  95 
38  a6  41  40 

3838  2978 

38  42  30  89 

39  08  19-65 

39  02  53  76 
39  09  6o'68 
38  40  36  80 


It 

00  83 

3858 
38  15 

2975 

19  52 
5246 
59  28 

34*37 


38  51  41*28 
38  55  31  w 
38  36  50 '93 


3S  37 
.^8  33 

38  25 
.^9  05 

39  02 
38  51 
3843 
3851 

3854 
38  40 

7^  57 
38  49 

38  50 
.38  25 

39  00 
3832 

38  04 

39  03 
39  32 
.38  32 

38  59 

39  29 

38  07 

39  06 
39  48 

39  09 
41  II 

40  46 


60  59 

43*95 
48*00 

51*" 

41  -80 

03*52 

47*49 
2273 

44*25 
37  '42 
16-50 

59*98 
27*28 
18  oc 
47*25 
44*39 
15  "74 
59  04 
17-12 

29-00 

23  63 
56  •% 

24-17 
53  83 
52*31 
25  46 

59*22 

03  36 


4f  »3  08-33 
40  54  21  73 
40  57  40  16 


37*25 
27-27 

44*02 


54  92 
39*95 
44*01 
49*25 
39*92 
06  60 

47  70 
21  '26 

43  *.39 
39  95 

21  32 

62  38 

25  "45 

22  03 

50-31 
46  28 

17 '34 
54  "47 

23  ■\3 
19  ^5 
2t>  •.S7 
69*67 
15  96 
56  76 
37-^ 
30  38 
6012 
II  -72 

II  -89 

23  '35 
43  40 


It 

-1-6  12 

-♦-2 -82 
+  1-63 

+  114 

+013 
+  130 

+  1*40 

+2-43 


38  34  53*05      50  "20       +2-85 


+4*03 
+3  83 
+6-91 


+5*67 
+4  00 

+3*99 

+  I-S7  ■ 

+  1-83 
-3  08 
—0*21 

+  1*47 
+0-S6 

-2  53 
-4  -Sa 

—  2-40 
+  1-83 
-4  '03 
—3  06 
-I  89 

—  I  60 
+  4  "57 

-671  ' 
+9*15  ' 
-5  94 
■12  Si  I 

+  S-2I 
--2"93 

•5  ■5>  ^ 

-4  W 
-o  90 

-8  -36 
-3  56 

-1-62 

-3 '24 


Na 


71 
72 
73 
74 
75 
76 
77 
78 

79 

80 
81 
82 

83 

84 
85 
86 

87 
88 

89 
90 
91 


92 
93 
94 
95 
96 
97 

98 

99 
100 

101 
102 
103 
104 
105 
106 
107 
laH 
109 


Name  of  astronomic 
station. 


Observed 

astronomic 

latitude. 


Promontory 

Deseret 

Beaver 

Oasis 

Ibepah 

IMlot  Peak 

Pioche 

Pioche  United  States 
Engineer  Station 

Diamond  Peak 

Mount  Callahan 

Toiyabe  Dome 

Carson  Sink 
Carson  City,Obsen,'ator)' 
(Zenith  telescope) 

Verdi 

I«ake  Tahoe  Southeast 

Mount  Conne.ss 

Round  Top 

Mount  I/>la 

Mocho 

Marysville 

Mount  Hamilton.  Ijck 
Observatoi-y,  United 
States  Coast  and  Geo- 
detic Survey  station 

Yolo  Southeast  Base 

Yolo  Northwest  Base 

Mount  Diablo 

Vaca 

Monticello 

San  Francisco,  Wash- 
ington Square 

San  Francisco,  I^fay- 
ette  Park 

San  Franci.sco,  Presidio, 
old 

San  Francisco. Presidio, 
new 

Mount  Tamalpais 

Mount  Helena 

Ross  Mountain 

Sulphur  Peak 

rkiah 

Point  Reyes 

B<Kic-ga 

Mend(xHno  City 

Point  Arena 


o     '         t' 

42  X7  47*77 

40  27  31  25 

38  16  22  90 

39  17  35  29 
39  49  38  97 

41  01  07  83 

37  59  06  -So 

37  .55  25  '80 
39  35  03*65 
39  42  31  92 

38  49  53  '91 

39  34  57  67 


3^  09 
39  31 
3H  57 

37  57 

38  39 

39  25 
37  28 
39  oK 


47  25 
04-29 

»9"37 
55  '98 
46-27 

57  '37 
.^6  1\ 
12-27 


Sec- 
onds of 
geo- 
detic 
lati- 
tude. 

ft 

53*04 

34*35 

24*99 

37*33 

42-09 

16 -61 

lo'6ti 

37  96 
06  67 

34 '9^ 
54  02 
60*24 

5»*84 
05  72 
16*32 

58  -Ss 
4')  90 
.•v9"90 
.39  '35 
19-30 


37  20  28-85 

38  31  34 '55 
38  40  37  25 

37  52  49  60 
3K  22  23*27 

38  39  46  -26 


34*46 
42  29 

44 '61 

.^5    12 

.33'»i 
50  63 


37  47 
37  "^S 
3"*  4'J 
3*^  30 
.38  45 
39  08 

37  59 
3«  18 
.39  »H 

38  55 


4*^  '3«> 
ivr8 
<n  OS 
tj.;  '/> 
44  42 
M'«.9 
.33  62 
20-11 

OS  y) 
1016 


51    O^) 

27  -2.% 

09   Si 

20  ig 

^S  '97 
ss-ss 
44  cx» 

13  19 
IS  fiti 


(A-G) 


-5  "27 
~3'io 

—  2-09 

2*04 
-3  12 

8-78 

-3  -80 

-  I2•I^ 

"3  *"2 
-3-tx> 

-5 'I  I 
-•••.^7 

-4  -54 
- »  '43 
f  3  05 

-  2-H5 

"3  -63 

-  2  "53 

-  2  64 

-7 '03 


.5  -61 

7 '74 

•7*36 

5  '52 

9-S4 

■4  "37 


.37  47  56 -«^)  64-40  -7'5'> 
37  47  28 -^w  .u  Yiej  -\'2*> 
37  47  .35  ■«yi       3"^  M  ^  '^^ 


2  71 
H  r/> 

U   -mm 

^  / 1 
»"  '33 

\    <l'f 

u  0 
0-44 
7  ^^9 
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2.    AZIMUTHS. 

Comparison  of  astronomic  and  provisional  geodetic  azimuths. 

So. 

I 

stations  occupied. 

station  referred  to. 

Observed  astronomic 

azimuth  West  of 

South. 

Seconds  of 
geodetic 
azimuth. 

(A-G) 

I 

Cape  Henlopen  Light 

Brand3rwine    Shoal    Light- 

0      /        // 

// 

// 

J 

house 

173  45  17 '64 

15-56 

-1-2 -08 

2    ' 

Principio 

Turkey  Point 

I  34  43  '50 

34-85 

+8-65 

3 

Calvert 

Meekin  Neck 

252  06  09*18 

01  -08 

+8 -ID 

4 

Marriott 

Hill 

96  37  43  "40 

35-29 

+8*11 

5 

Webb 

Soper 

88  59  49  -38 

42*96 

+6*42 

6 

Hill 

Webb 

219  46  58*11 

51-38 

+6-73 

7 

Soper 

Webb 

268  49  23  -60 

18*40 

+5-20 

8 

Seaton 

Hill 

265  32  53  *6i 

43-80 

+9-81 

9 

Causten 

Soper 

210  54  41  -65 

37-83 

+3-82 

lO 

Sugar  Loaf 

Bull  Run 

32  29  16  "97 

22*53 

-5  56 

11 

Maryland  Heights 

Bull  Run 

358  43  07  -18 

10*78 

—3-60 

12 

Bull  Run 

• 

Peach  Grove 

263  53  28  49 

30-84 

—2*35 

13 

Clark  Mountain 

Bull  Run 

202  19  27*98 

29-05 

~i  -07 

14 

Long  Mount 

Spear 

223  28  41  -64 

46-89 

—5-25 

15 

Elliott  Knob 

Humpback 

303  25  24-46 

22  49 

+  1  97 

i6 

Keeney 

Bald  Knob 

257  04  35  '89 

33  96 

+1  -93 

17 

Piney 

Gebhardt 

119  04  31*84 

32-88 

—I  *04 

18 

Gould 

Howland 

84  49  13  *6i 

11*44 

+2*17 

19 

Minerva 

Ash  Ridge 

210  54  42  *38 

47-75 

5*37 

20 

Reizin 

Tanner 

276  56  46  -02 

49*12 

—3*10 

21 

Weed  Patch 

Fountain 

7  33  21  -28 

22  *I4 

0-86 

22 

Osbom 

Calvary 

192  16  17*59 

18*47 

0*88 

23 

Parkersburg 

Denver 

143  16  15-55 

17-34 

-1*79 

24 

Newton 

Claremont 

321  29  05*30 

06*33 

—  I  03 

25 

Bording 

Geoffrey 

53  25  07  -53 

05-89 

-fi-64 

26 

Kleinschmidt 

Insane  Asylum 

200  09  31  *8i 

30-83 

4-0-98 

27 

Berger 

Winter 

39  12  05  *64 

03-15 

+2-49 

28 

Jefferson  City 

Cedar 

199  55  37  '47 

36-01 

+  1-46 

29 

Hunter 

Christian 

221  48  20*49 

23*24 

-2-75 

30 

Adams 

Clark 

II  46  1 1  "94 

12  *42 

—0*48 

31 

Salina  West  Base 

Salina  East  Base 

248  36  18  *32 

24*24 

5  92 

32 

Russell  Southeast 

Russell  Northwest 

140  42  59  -79 

67 -9 

—8  11 

33 

Overland 

Eureka 

284  10  32  '62 

33-57 

—0-95 

34 

El  Paso  East  Base 

El  Paso  West  Base 

102  48  04  '62 

03*19 

+1*43 

35 

Pikes  Peak 

Mount  Ouray 

66  05  16  -70 

10*99 

+5-71 

36 

Mount  Ouray 

Uncompahgre 

70  35  51  '27 

54  20 

—  2-93 

37 

Gunnison,  Colorado 

Uncompahgre 

41  55  00-39 

11*65 

—II  -26 

3B 

Treasury  Mountain 

Mount  Waas 

74  45  04  71 

18 -21 

-13  50 

39 

Uncompahgre 

Treasury  Mountain 

196  42  55  "84 

64*02 

—  8 -18 

40 

Grand  Junction 

Chiquita 

23  57  23  -98 

31-83 

-7-85 
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ObEcrved  astronomic   Seconds  of 


No. 

stations  occupied. 

station  referred  to. 

41 

Tavaputs 

Patmos  Head 

42 

Mount  Waas 

Mount  Ellen 

43 

Patmos  Head 

Wasatch 

44 

Mount  Ellen 

Patmos  Head 

45 

Wasatch 

Mount  Nebo 

46 

Mount  Nebo 

Tushar 

47 

Salt  T^ke  City 

City  Creek 

48 

Waddoup 

Ogden  Peak 

49 

Ogden  Observatory 

Ogden  Peak 

50 

Ogden  Peak 

Mount  Nebo 

51 

Antelope 

Deseret 

52 

Promontory 

Ogden  Peak 

53 

Deseret 

Mount  Nebo 

54 

Ibepah 

Diamond  Peak 

55 

Pioche 

Tushar 

56 

Pilot  Peak 

Mount  Nebo 

57 

Diamond  Peak 

Mount  Callahan 

58 

Mount  Callahan 

Carson  Sink 

59 

Toiyabe  Dome 

Mount  Grant 

60 

Carson  Sink 

Mount  Callahan 

61 

Mount  Conness 

Round  Top 

62 

Lake  Tahoe  Southeast 

Folsom  Peak 

63 

Round  Top 

Mount  Helena 

64 

Mount  Lola 

Mount  Helena 

65 

Mocho 

Mount  Diablo 

66 

Yolo  Base  Southeast 

Yolo  Base  Northwest 

67 

Yolo  Base  Northwest 

1 

Yolo  Base  Southeast 

68 

Mount  Diablo 

Mount  Helena 

69 

,  Vaca 

Yolo  Base  Southeast 

70 

Monticello 

Mount  Helena 

71 

Mount  Tamalpais 

Mount  Diablo 

72 

Mount  Helena 

Mount  Diablo 

73 

Paxton 

Mount  Sanhedrin 

azimuth  West  of 
South. 

geodetic 
azimuth. 

A* 
(A-G) 

0      /         // 

ff 

88  17  40-85 

46*84 

-  5*99 

72  00  16*62 

30*55 

13-93 

66  41  1870 

29  65 

-10*95 

195  35  57  89 

64-33 

-  6  44 

160  54  02  73 

12  '14 

-  9-41 

20  05  23  "06 

40  96 

-17-90 

192  02  50*50 

68*52 

—  18*02 

180  42  32  *55 

56-43 

-23*88 

283  08  44  70 

61*31 

-16 -61 

356  19  30  37 

44-10 

"13-73 

31  59  04*14 

13-43 

-  9-29 

283  24  02  -64 

02  90 

—  026 

314  14  01  -38 

14-55 

-13*17 

81   II  28*49 

36-08 

-  7-59 

250  58  50  -29 

58-38 

-  8  09 

303  40  14  *i5 

19*00 

-  4-85 

98  27  13  *82 

19*46 

—  5-64 

83  09  34  84 

41*78 

6-94 

77  20  49  *29 

58 -29 

—  9*00 

262  20  25  *50 

31*08 

-  5  -58 

142  39  19  -46 

29*72 

— 10  *26 

177  56  19  13 

29*2 

—  lOl 

90  58  53  -89 

59-58 

-  5*69 

67  22  02  '36 

05-83 

3-47 

144  57  35  71 

42*38 

.     -  6*67 

163  07  13*11 

21-37 

-  8  26 

343  05  02  *o7 

10*32 

-  8*25 

144  28  16*03 

21*28 

-  5*25 

235  38  36  '55 

39  70 

3*15 

91  04  25  *3o 

30  04 

4*74 

274  15  15  "04 

21*84 

-  6 -So 

324  01  24  -96 

37*22 

—12  -26 

ao3  47  05  77 

17*07 

—II  -30 
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No. 


8 


2 
3 


4     ' 
5 


3.    LONGITUDES. 
Comparisoft  of  astronomic  and  provisional  geodetic  longitudes. 


Name  of  astronomic 
station. 


Observed 
astronomic 
longitude. 


Seconds 

tU(^. 


n 


If 


n 


Cape  May,  astronomic 
station  74 

Dover  75 

Washington,  Coast  and 
Geodetic  SurveyOfiice 
(observatory  in  yard)  77 

Washington,  old  Naval 
Observatory,  dome 

Washington,  new  Navul 
Observatory,  clock 
room 

Strasburg 

Charlottesville,  McCor- 
mick     Observatory 

Charleston,  West  Vir- 
ginia 

Cincinnati.Mount  Look- 
out Observatory  tran- 


77 


77 

78 


55  45*68 
31  18-45 


00  25  64 
03  02-30 


03  56-76 
21  35  "70 


47-44    -  176 
23 '93    -  5*48 


32-13     -  6-50 
06 'I  I     —  3-81 


62-23     -  5-47 
38-97     -  3  27 


78  31  20-10      20 -60     —  0-50 


81  37  61-95     59  1 1    4-  2  84 


1      sit 

84  25  20  97 

21  -21 

—  0-24 

10 

1  Vincennes 

1 

87  31  30  14 

34-84 

-  4  70 

II 

Parkersburg,  transit 

88  01  48  30 

48  79 

-  0-49 

12 

St.  Louis,  transit  of  188 1 

90  12  18*84 

I7'i8 

+  1-66 

13 

1  Kansas  City 

94  35  21  06 

21  -82 

-  076 

14 

Hllsworth 

98  13  36  36 

44  59 

-  8-23 

15 

Wallace 

I 01  35  25  96 

31  06 

-  5-10 

16 

'  Colorado  Springs 

104  49  10  65 

34 -22 

-23-57 

^7 

Gunnison,  Colorado 

106  55  30  -68 

26-23 

-+-  4-45 

^-        Name  of  astronomic 
^°'  station. 


18  Grand  Junction 

19  Green  River 

20  Salt  Lake  City 

21  Ogden         Observator>' 

transit,  longitude  pier 

22  Oasis 

23  Kureka 

24  Austin 

25  Virginia  City 

26  Carson      City,     transit 

Friend  Observatory 

27  Genoa 

28  Lake  Tahoe  Southeast 

29  Verdi 

30  Sacramento 

31  Marysville 

32  Mount  Hamilton,  Lick 

Observatory,     transit 
house 

33  San    Francisco,   Wash- 

ington Square 

34  San    Francisco,  Lafay- 

ette Park 

35  I  San  Francisco,  Presidio 
I      (new) 

36  Ukiah 

37  Point  Arena 


Observed 


Seconds 
of 


AA 


astronomic  geodetic  ,  f^ 


longitude. 

o      /  /' 

«o8  33  5402 
no  09  53  -08 
"I  53  47*6o 

"I  59  55*59 
"2  37  55-41 

"5  57  37-56 
117  04  27-24 
119  38  42-08 

119  45  44  "60 
119  50  22-34 
"9  56  45*90 
I '9  58  52-90 
121  29  35  So 

"I  35  17*79 


longi- 
tuae. 


52 '«7 
55*12 
26-6^ 


+  1-15 
--  2-04 

+20-97 


37-28  +18-31 

4370  +11-71 

30-01  +7*55 

"•S7  +1567 

49*32  -  7  24 


48  39 
45*72 
40*40 

57*49 

2985 
09  70 


-  3*79 

-2338 
+  5*50 

-  4  59 
+  5  95 
t-  8  09 


121  38  43-42  30  23  +13-19 

122  24  36 -62  30  93  +  569 
122  25  42  92  36-64  +  6-28 

122  27  12-20  04-65  +  7'55 

123  12  33  •5»  27  44  +  6-07 
1234146-26  23-79  +22*47 


4.  PRELIMINARY  EXAMINATION  OF  THE  RESULTS  OF  THE  COMPARISON  OF  THE 
ASTRONOMIC  AND  THE  PROVISIONALLY  ADOPTED  GEODETIC  POSITIONS  AS  PRE- 
SENTED  IN  THE    PRECEDING  TABLES. 

These  preliminary  values  of  the  respective  differences  (A-G)  in  latitude,  longitude, 
and  azimuth  suffice  to  indicate  in  outline  the  general  character  of  the  results  we  may 
derive  from  the  measurement  of  the  arc.  They  may  therefore  be  advantageously  scru- 
tinized in  a  general  way  before  proceeding  to  the  determination  of  the  final  corrections 
to  our  geodetic  coordinates. 

In  the  first  place,  we  notice  that  the  greater  number  of  the  differences  range  within 
a  few  seconds  and  present  changes  of  sign,  thus  showing  that  the  provisional  values  of 
qj  X  a  for  the  central  station  can  not  be  much  in  error;  on  the  other  hand,  large 
deviations  appear  at  certain  stations,  but  these  are  readily  and  directly  traced  to  local 
conditions  or  surface  configurations  and  are  not  in  any  way  referable  to  a  defective 
spheroid  of  reference. 

The  prevailing  negative  sign  in  the  values  of  A^  indicates  the  need  of  a  slight 
diminution  of  the  provisional  value  of  (p,  in  ordei  to  make  [-*^-6Q  —  o,  a  condition 
which  appears  already  nearly  satisfied  for  the  eastern  and  central  part  of  the  arc, 
whereas  the  western  or  mountainous  region  calls  for  the  indicated  correction  in  a  more 
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decided  way.  In  this  we  may  possibly  discern  a  change  in  the  curvature  of  the  western 
section  of  the  arc.  Turning  now  our  attention  to  the  tabular  values  of  A  A.  and  Ao^, 
we  find  in  both  cases  a  certain  sign  to  prevail  in  the  eastern  section  of  the  arc  with  the 
opposite  sig^  in  the  western  section,  and  further,  as  it  should  be  by  virtue  of  the  relation 
t^a—  —  A  A.  sin  <^,  to  a  +  or  —  value  for  A  A.  there  corresponds  in  general  or  in  the 
same  section  a  —  or  +  value  for  A  a.  In  the  east  the  values  of  A  or  are  preeminently 
positive,  in  the  west  they  are  preeminently  negative,  while  in  magnitude  of  deflection 
there  is  but  a  slignt  difference,  and  probably  only  a  small  correction  to  the  provisional 
value  may  be  needed.  It  is  the  longitude  differences  aA.,  however,  which  for  the  arc 
are  of  greatest  importance.  They  open  in  the  eastern  section  with  negative  sign,  turn- 
ing to  positive  in  the  western  section.  In  other  words,  the  astronomic  amplitude  of  the 
whole  arc  (48°  46'  oo"'58)  is  greater  than  the  provisional  geodetic  one  (48°  45'  36"'35). 
There  are  three  prominent  causes  which  undoubtedly  go  to  make  up  the  greater  part  of 
this  difference.  In  the  first  place,  our  reference  spheroid  does  not  exactly  fit  the  cur\'a- 
ture  of  the  arc;  secondly,  the  continental  attraction  may  have  a  sensible  effect,  and 
thirdly,  there  is  the  influence  of  the  local  deflections.  If  the  reference  spheroid  be  too 
large — that  is,  if  the  triangulation  is  placed  and  developed  upon  a  surface  less  curved 
than  is  actually  the  case — a  difference  in  the  sense  of  astronomic  amplitude  greater  than 
geodetic  amplitude  will  follow;  hence  a  spheroid  of  smaller  dimension  (in  the  parallel 
of  39° )  seems  to  be  called  for.  In  the  second  place,  the  attraction  of  the  continental 
masses  near  the  terminals  of  the  arc  tends  to  a  deflection  of  the  plumb  line  to  the  west- 
ward (or  disturbed  zenith  to  the  eastward  of  the  normal)  on  the  Atlantic  coast  and  to 
the  eastward  on  the  Pacific  coast.  This  is  equivalent  to  an  enlargement  of  the  astro- 
nomic amplitude.  An  eff^t  of  this  character  might,  to  some  extent,  be  counteracted  by 
the  sea  bottom  being  supposed  as  composed  of  heavier  material  than  the  continental  mass, 
thus  partly  overcoming  the  influence  of  the  less  dense  overlying  sea  water.  It  is  well 
known  that  off  the  New  Jersey  coast  the  water  shoals  ver>'  gradually  and  that  the  actual  or 
more  prominent,  but  submerged  border  of  the  continent,  lies  far  to  the  east  of  the  present 
coast  line.  At  a  distance  from  shore  of  85  nautical  miles  (minutes  of  arc)  on  the 
parallel  of  39°  we  reach  the  contour  line  of  50  fathoms  (91  metres),  but  30  nautical 
miles  farther  to  the  east  we  plunge  into  a  depth  of  i  000  fathoms  (i  829  metres).  On 
the  Atlantic  coast  then  we  may  expect  but  a  feeble  disturbing  influence  on  the  vertical, 
as  compared  with  the  conditions  which  prevail  on  the  Pacific  coast,  where  the  descent 
of  the  bottom  from  the  coast  line  into  deep  water  is  immediate,  giving  a  depth  of  100 
fathoms  10  nautical  miles  out  and  a  depth  of  i  832  fathoms  at  40  nautical  miles  on  the 
parallel  of  39° .  Besides,  we  have  there  on  the  land  side  the  attracting  influence  of  the  coast 
range  of  mountains,  which  rises  at  that  point  to  a  height  of  more  than  2  000  feet  (610 
metres).  By  far  the  principal  part  of  the  deflection  of  the  vertical  in  the  plane  of  the 
prime  vertical  supposed  due  to  the  cause  under  consideration  must  therefore  be  attrib- 
uted to  the  western  terminus  of  the  arc. 

The  great  influence  which  the  local  deflections  exert  upon  the  measures  of  the  arc 
is  well  shown  by  the  following  table  of  comparisons  of  astronomic  and  geodetic  ampli- 
tudes of  the  whole  and  part  of  the  arc : 


838  UNITED  STATES   COAST   AND   GEODETIC  SURVEY. 

Amplitude. 
Whole  or  part  of  arc  Astronomic.  Geodetic. 


Differ- 
ence. 


O  /  //  O         /  //  ff 

Whole  arc,  Cape  May  to  Point  Arena,  No.  (37 — i)  48  46  00*58        48  45  36*35     4-24 '23 

Stations  next  to  terminals,  Dover  to  Ukiah,  No.  (36 — 2)  47  41   15  "06        47  41  03  '51      +11  '55 

District  of  Columbia  group  to  San  Francisco  group,  Nos.        45  23  22  "35        45  23  10  '58  I  -|- 1 1  "77 

(33.  34,  35—3.  4,  5) 
Strasburg  and  Charlottesville  group  and  California  group,        43  08  04*44        43  07  53*48     -1-10*96 
Nos.  (30,  31,  32—6,  7) 

(C)  DETERMINATION  OF  STANDARD  (GEODETIC)  VALUES  FOR  LATI- 
TUDE AND  LONGITUDE  OF  INITIAL  STATION  HAYS,  AND  AZIMUTH 
OF  LINE  HAVa  TO  LA  CROSSE. 

For  the  initial  station  from  which  to  begin  the  final  computation  of  geographic 
positions  "Hays"  has  been  selected,  as  being  very  nearly  in  the  middle  of  the 
arc.  The  provisional  computation  gave  the  following  results  for  that  station : 
9  =  38°  54'  5o"'82,  A.  =  99°  16'  i6"-36,  and  a  =  359^  44'  i9"-oo  to  station  La  Crosse. 
It  remains  to  determine  such  corrections  to  these  values  as  will  yield  the  geodetic  data 
best  suited  for  the  whole  triangulation.  Were  it  not  for  the  presence  of  local  deflections 
in  the  vertical  of  the  stations,  this  would  be  a  simple  matter,  nothing  more  than  taking 
the  means  of  the  quantities  in  the  column  headed  (^1-6^)  in  the  preceding  tables  for 
each  of  the  three  elements,  (p,  A,  and  a,  so  that  finally  the  condition  [vl-G]  =  o  would 
be  satisfied  for  each.  In  the  absence  of  accurate  knowledge  concerning  the  amount 
and  direction  of  the  local  deflection,  as  well  as  of  their  local  distribution,  we  must 
modify  this  simple  method,  in  order  to  avoid  as  much  as  possible  their  disturbing 
effect. 

These  deflections  of  the  vertical  may  be  regarded  either  as  quite  local,  or  as 
extending  over  large  regions.  The  former  may  be  recognized  as  mainly  depending  in 
direction  and  sign  upon  surrounding  local  surface  irregularities,  or  upon  obvious  deviations 
from  average  surface  density  ;  the  latter  are  characterized  by  large  and  nearly  constant 
deflections,  covering  vast  areas,  which  may  be  due  to  the  presence  of  irregular  density 
of  the  matter  forming  the  earth's  crust,  or  to  the  proximity  of  mountain  ranges,  con- 
tinental masses,  plateaus,  or  the  sea. 

While  the  deflections  elude  exact  computation  from  want  of  the  required  data, 
their  influence  in  determining  standard  geodetic  data  can  be  lessened  by  bringing  a 
large  number  of  astronomic  determinations  to  bear  upon  the  problem.  It  is  desirable 
that  the  astronomic  stations  should  be  uniformly  distributed  over  the  whole  arc. 
Where  the  stations  are  unduly  crowded  in  any  particular  locality,  it  would  be  better  in 
determining  the  standard  data  to  substitute  a  mean  value  of  (A-G)  for  this  region,  in 
place  of  the  individual  values.  For  instance,  it  would  be  better  when  determining  <po 
to  introduce  a  single  representative  station,  in  place  of  the  several  latitude  stations 
crowded  into  the  narrow  limits  of  the  District  of  Columbia.  It  is  also  plain  that  sta- 
tions of  large  local  deflection  should  be  excluded.  Thus  the  local  deflection  in  longi- 
tude of  nearly  25"  of  arc  at  Colorado  Springs,  which  is  mainly  due  to  the  attraction  of 
Pikes  Peak  and  the  mountain  masses  lying  back  of  it,  would  necessarily  exclude  that 
station  when  forming  Xq, 
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The  average  local  deflection  of  the  vertical  in  the  plane  of  the  meridian  from  60 
cases  of  latitude  comparisons  of  stations,  located  on  the  oblique  arc  between  Calais, 
Maine,  and  Atlanta,  Georgia,*  was  found  to  be  2" '4,  irrespective  of  sign,  and  about 
the  same  amount  follows  from  the  5 1  latitude  comparisons  of  that  part  of  the  present 
arc  between  Cape  May  and  Colorado  Springs.  For  the  mountainous  part  of  this  arc, 
however,  the  average  deviation  from  the  vertical  of  a  standard  reference  spheroid 
would  have  to  be  considerably  increased.  There  is  no  special  reason  to  expect  the 
longitudinal  deviations  to  be  any  greater  or  less  than  the  latitudinal  ones.  The  effect 
upon  the  general  mean,  when  omitting  all  values  of  {A-G)  greater  than  8  seconds, 
is  shown  farther  on  in  the  cage  of  the  latitudes. 

There  is  consequently  an  arbitrary  feature  in  the  process,  yet  practically  this  may 
be  confined  to  narrow  liiftits  without  seriously  affecting  the  derived  values. 

The  values  of  <p^,  \,  and  a^  having  been  finally  and  satisfactorily  determined,  as 
shown  by  the  remaining  deflections,  we  may  also  expect  that  any  subsisting  Laplace 
equation  of  the  form — 

(«^A.t.  —  «^Geod.)  +  (  ^AsL  —  ^od.)  sin  ^  =  o 

will  be  found  nearly  satisfied.  The  importance  of  these  equations  has  perhaps  been  much 
overrated;  they  nevertheless  demand  attention.  In  laying  out  field  work,  however,  the 
selection  of  a  longitude  station  depends  mainly  on  the  availability  of  telegraphic  wire 
connection,  while  that  of  an  azimuth  station  demands  free  visibility  of  surrounding 
principal  trigonometric  stations — conditions  generally  incompatible  with  one  another. 

In  accordance  with  the  principles  laid  down  above,  we  derive  the  following  values 
as  corrections  to  the  preliminary  latitude : 

Using  all  tabular  values         After  rejecting  all  values 
{A-G).  greater  than  8". 

(a)  Indiscriminate  mean  — .^I154_  _  1-04  —  2IL9£=  ._  i-jg 

109  95 

{b)  After  formation  into  eroupst  —  -'^^-^  =  —  o'6i  —  .  -3'*  49  =  _  0-64 

57  56  ^ 

( c )  Mean  of  the  34  groups  of  the  central  -j-  — ^    "^  =  +  i  -08  -\-  -^^'7^  z=  -{- 1  -08 

and  eastern  sections 

(d)  Mean  of  groups  of  western  section  —  — Z^_49  =  _  ^-u  —  _?^_Z4  =  _  3-31 

Evidently  the  dis1ribntio7i  of  the  astronomic  stations  is  here  of  more  importance 
than  the  rejection  of  large  deflections,  while  at  the  same  time  an  antagonism  between 
the  sections  of  the  arc,  i.  e.,  (r)  —  (^)  =  +  4"*i9  and  +  4"*39  is  brought  out  instead 
of  zero.  For  the  correction  to  the  preliminary  latitudes  for  the  whole  arc  the  value 
—  o"*64  from  the  above  table  is  adopted;  hence  <p^—  q>  —  o"-64  =  38°  54'  50"*  18  for 
the  geodetic  latitude  of  Hays  station.  The  uncertainty  of  this  value  is  estimated  to  be 
less  than  half  a  second. 


♦Appendix  No.  8,  Coast  and  Geodetic  Survey  Report  for  1879.    Table  on  page  115. 

tGroups:  (1,2);  (7.8,9);  (10,11,12,13,14,15,16,17);  (20,21);  (22,24);  (25,26):  (28,29);  (36,37,38);  (51,52);  (54.55):  (58, 
59);  (60,61);  (64,65,66,67,68,69);  (70.71);  (72,73,74);  (75.76,77.78);  (83.84,85,87,88);  (89,90,91,92,93,94,95,96);  (97.98,99.100, 
lot.  102);  (103, 104, 105, 106, 107);  ( 108, 109). 
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To  find  the  linear  change  of  length  of  a  given  arc  of  parallel  when  moved  a 
number  of  seconds  to  the  north  or  south  of  its  position  on  the  spheroid,  we  have:  Length 
in  metres  of  1°  in  latitude  q> — 

/*°=  III  415 '12  cos  9)—  94*54  cos  3  9) -fo '12  cos  5  9)— 


dP 
and  -^-  =  —111  415-12  sin  ^-h  283  '62  sin  3  ^  —  o  '60  sin  5  <p 
aqt 

Hence  for  9^  =  39°  and  d(p  —  d**^  and  length  of  arc  4854°>  the  change  is  8*25 
metres,  which  in  comparison  with  the  probable  error  in  length  of  the  geodetic  connection 
is  a  small  quantity.* 

For  the  correction  to  the  preliminary  longitude  we  have  the  following  data: 

Using  all  tabular  values         After  rejection  of  the 
{A-G).  nine  largest  values. 

//  // 

(a)  Indiscriminate  mean  -|-  42_??  =;  _|.  j-j^  ^  7_^  ^  _|_  q.j^ 

37  28 

{h)  Mean  after  forming  groups  f        -f  ^^ —  =  -f-  1*27  -f  ?-^  =  +  0*37 

Adopting  the  last  value,  we  have  ^o  =  ^  + o"'37  =  99®  16'  i6"73  for  the  final 
geodetic  longitude  of  Hays  station.  The  uncertainty  of  this  value  may  be  estimated  as 
less  than  i". 

Respecting  any  change  in  azimuth,  the  values  of  (A-G)  at  the  eastern  and  near 
the  western  parts  of  the  arc  (first  and  last  nine  stations)  appear  fairly  well  balanced, 
while  the  stations  of  the  western  or  mountainous  section  exhibited  a  predominating 
negative  sign.  In  order  to  remove  this  feature,  the  geodetic  azimuths  would  need  a 
diminution,  which,  however,  is  opposed  to  the  apparent  demand  for  the  eastern  part  of 
the  arc.  A  small  change  of  azimuth  has  but  a  small  effect  upon  the  latitudes  and  hardly 
any  upon  the  longitudes.  Upon  the  whole  it  has  been  concluded  to  make  no  change  in 
the  azimuth;  hence  a^=  a  =  359°  44'  19" '00  for  the  line  Hays  to  LaCrosse. 

With  the  standard  values  of  9^0,  Kt  and  ao  for  Hays  station  the  geodetic  latitudes 
and  longitudes  of  all  the  stations  of  the  arc  were  recomputed  and  the  definitive  results 
of  comparison  of  the  astronomic  and  geodetic  determinations  are  tabulated  below. 

In  order  to  render  this  comparison  more  complete,  there  are  also  given  the  positions 
and  resulting  values  of  {A-G)  when  the  Besselian  spheroid  is  substituted  for  that  of 
Clarke.  It  must  be  noted,  however,  that  only  a  close  approximation  of  these  values 
could  here  be  given,  since,  in  strictness,  the  subject  would  demand  a  readjustment  of  the 
entire  triangulation  with  the  introduction  of  the  spherical  excess  appertaining  to  the 
Besselian  spheroid.  The  difference  in  the  excess  %  is  small,  even  for  the  largest  triangle 
*  *  Tushar,  Wheeler,  Nebo, ' '  for  which  e  =  73"758  4.  The  difference  in  €  is  but  ©"'oiy  i , 
or  X  ill  oi  itself,  and  for  the  greater  part  of  the  arc  the  hundredths  of  a  second  for  any 
angle  would  not  be  modified  by  the  change  of  spheroids.  There  is  nevertheless  a  small 
accumulated  effect  in  the  positions  which  may  tend  to  introduce  a  twist,  yet  this  is  fully 


*  For  Bessel's  spheroid  we  have  /*°  —  III  399"»675cos9  —  93'2i2  cos  3^ +o'ii6  cos5^  — 

fGroups:  (3,4.5):  (6,7):  (20.21);  (25,26,27,28.29);  (30, 3'.  32),  and  (33,  34, 35)- 

X  The  effect  on  the  spherical  excess  of  a  triangle  by  a  change  of  dimensions  in  the  spheroid  is  given  by  the 

expression  ''^  —  —  2^  +  2  cos  2<pd/.  where  a  —  equatorial  radius,  9  the  latitude,  and  2/=  ^  =  ™~_,  as  given  in  Part  I,  p.  52. 
«  a  a' 
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co\«^  !:y  the  orviiiLirx"  asd  ir:ber^r:t  rcv»KiMc  crrv^r^  oc  v^^c^<rr^'u:t.nl.  W^t  h.^^  Nx'U 
done  ira>  a  recocipatJition  o:  the  ^^^vraphx';!!  |vc>:txHtSv  by  the  SAttte  tv^tuuUv  xv  Vtv^v 
bet  wiih  the  ohjuiged  cvxistJiats.  the  distJiucesi  sitxl  jutgve:^  v>:  tnari^lo-  rv::ui5ii:i^  utvluuv^wl; 
in  other  wonis,  the  strip  ot  triangtiljitioti  wx<  ^irttt^v  tria>cVrt^l  to  av.nI  vlcwr  a^i^^  u^x^i 
the  other  spheroid.  Pjixt  ot  this  spev'i.il  cv>rujHxtativ^u  wus  uuvle  vl::Tcretuull\  A« 
essential  and  uecessar>*  featnre.  hvn\>*YXfr.  is  the  rvUt:v>5**  v>t  the  s:ar.vla:\l  |xv>i:tv»:i  aiul 
azimuth    of  the  central  station  ''Ha>-s^*  in  the  two  cvnxtpuutvn^ 

D.  COMPARISON  OF  ASTRONOMIC   AND  STANIWRO  OlXMnCTlC    IWTA 

OX  THE  SPHEROU^S  OF  CLARKE  AXP  HKSSKU. 

I.    COMPARISON   OF  ASTRONOMIC   AND  STANDARD   OWI^KTIC    UATUTOKS   OK\  KIaM  >  i^ 

UPON  THE  SFHKROinS  OK  CUVRKK   ANO   KKSSKt. 


NOl 

Name  of  jurtrcnv-'mic  *talk»n. 

ON**fvr*l 

^iin    sic 

I 

Cape  May 

.V^  55  44  ^5 

4^  5\ 

45  23 

1  >*> 

V^  t\> 

2 

Cape  Henlopen 

,\8  4^  4^^  vr 

3^>^)S 

3S^I 

•    o\^ 

^      isV 

3 

Dover 

3*i  vxj  i^^  47 

iS  5^ 

»:  42 

5    »2 

3^A> 

4 

Principio 

3^  35  3-*  75 

34  55 

\^  5: 

I  \S^ 

v»  S2 

5 

Poole  Island 

3*>  K  K$i 

i3  52 

12  4: 

4\o 

5H^ 

6 

Calvert 

jiS  21  jii  71 

32*17 

>^  ^^ 

\^  46 

0  "S: 

7 

Taylor 

3S  5^  4^  v: 

4^  34 

45  22 

0  \J7 

V^     x\\ 

8 

Mamott 

38  52  25  V5 

-\s  '^^"^ 

24  54 

0  ^3 

'    051 

9 

Webb 

3<i  ^\«i  -"5  35 

24   16 

^3"^^^ 

•     1    Ul 

•     2   ,>6 

lO 

Hill 

3^"^  53  5^  *3«> 

52  24 

51   w 

'    o'\i 

'      «    2| 

II 

Soper 

3*)  05  10*61 

IH)  \Sl> 

^vS'7^ 

»    oSi 

1   ^3 

12 

Seaton 

3^*^  53  25  12 

26  Si 

-\^  72 

i>> 

0  'tK» 

13 

Coast  and  Geodetic  Sun-ey  Office,  ob- 

servatory 

3v^  53  07  '35 

io\x> 

iVS  \S^) 

2  63 

»  54 

14 

United  States  Naval  Ob8cr\'atorv  ( oUl ) , 

dome 

3S  55  3S  7» 

40    12 

39  H»2 

«'3I 

i»'24 

15 

United  States  Naval  Obser\'atory  ( new ) , 

clock  room 

3«  55  >3  74 

14  89 

13  ^*^» 

«'«5 

t)H)6 

i6 

Causten 

3^**  55  32  02 

32  '81 

3»  72 

079 

'    o\\n 

17 

Georgetown  College,  Observatory 

38  54  25  79 

27  \Si> 

2671 

J  \M 

ly  '»)i 

i8 

Rockville 

39  05  1"  42 

1)9  xvS 

c»8  •.>5 

i     «  *34 

f    2 '37 

19 

Sugar  Loaf 

39  15  49  54 

43  '^S 

42  ?> 

1    5''^9 

t    hS.^ 

20 

Maryland  Heights 

39  20  32  19 

26  -30 

25  '4 1 

•    S'i^i 

(     6  78 

21 

Bull  Run 

• 

38  5a  56  72 

52-08 

51  "^M 

.    4*^1 

!    5'ftH 

22 

Strasburg 

38  59  31  '56 

J7'8j 

26  87 

t    3  74 

I    4'fH) 

23 

Clark  Mountain 

38  18  3960 

39  '22 

3H*'>3 

!    o'3H 

»'57 

24 

Charlottesville,  University  Transit 

38  01  6!  '09 

55  92 

54  69 

1    5*17 

'    ft  '.\o 

25 

Long  Mountain 

37  17  28-84 

25  '5<» 

24  •o') 

1    3 '34 

•    4 '75 

26 

Elliott  Knob 

38  09  57  '08 

57  '5 1 

5ft  '39 

«>'M 

f    (»'ftt) 

842 
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I.    COMPARISON  OP   ASTRONOMIC   AND   STANDARD   GEODETIC   LATITUDES   DEVEIX)PED 
UPON   THE   SPHEROIDS  OF   CLARKE  AND   BESSEL — Continued. 


No. 

Name  of  astronomic  station. 

Observed 

astronomic 

latitude. 

Seconds  of 
geodetic 
latitude, 
Clarke's 

spheriod. 

Seconds  of 
geodetic 
latitude, 
Bessel's 

spheriod. 

(A-G) 
Clarke.            Bessel. 

0     /        ff 

// 

// 

// 

// 

27 

Keeney 

37  46  23  07 

23  52 

22-39 

-  0-45 

-f  0-6S 

28 

Charleston 

38  20  66  '95 

60  23 

59-36 

-f  6  72 

4-  7*59 

29 

Piney 

38  26  41  '40 

37 '97 

37*16 

+  3*43 

4-  4*24 

30 

Gould 

• 

38  38  29  78 

27*54 

26  85 

+  2  24 

4-  2-93 

31 

Minerva 

38  42  30  -89 

29*14 

28-54 

+  1*75 

4-  2-35 

32 

Mount  Lookout  Observatory,  dome 

39  08  19  65 

18-91 

18-49 

4-  0-74 

4-  I -16 

33 

Reizin 

39  02  53  76 

51*84 

51*43 

+  I  -92 

4-  2*33 

34 

Weed  Patch 

39  09  60  "68 

.58-66 

58-35 

-f-  2  -02 

4-  2*33 

35 

Vincennes 

38  40  36  -80 

33*75 

33*36 

+  3*05 

+  3*44 

36 

Parkersburg,  Triangulation  Station 

38  34  53  -05 

49  58 

49-19 

+  3*47 

'4-3*86 

37 

Olnev  West  Base 

38  51  41  -28 

36-63 

36  33 

-f  465 

4-  4*95 

3« 

Newton 

38  55  31  -lo 

26  65 

26-38 

-f  4*45 

4-  4*72 

39 

Bording 

38  36  50  '93 

43*40 

43*08 

-f    7*53 

4-  7*85 

40 

St.  Louis  University,  Second  Frcshy 

. 

terian  Church 

38  37  60  '59 

54*30 

54-02 

-f  6-29 

4-  6-57 

41 

Jefferson  City 

38  33  43  '95 

39  32 

39-10 

+  4*63 

4-  4 -85 

42 

Hunter 

38  25  48  -co 

43*38 

43*13 

-h  4*62 

-t-  4-87 

43 

Kansas  City 

39  05  51-12 

48-62 

48-63 

4-  2-50 

4-  2-49 

44 

Adams 

39  02  41  80 

39 -28 

39-30 

-f  2-52 

4-  2  50 

45 

Salina  West  Base 

38  51  03*52 

05  '97 

05-94 

2-45 

—  2  -42 

46 

Ellsworth 

38  43  47  '49 

47-07 

47-01 

-f  0-42 

-h  0-48 

47  ' 

Russell  Southeast 

38  51  2273 

20  63 

20-61 

-f-  2  -10 

-f-  2  12 

48 

Wallace 

38  54  44 -25 

42-75 

42-74 

-t   I  -50 

-^  1*51 

49 

Adobe 

38  40  37  -42 

39*30 

39  •»9 

-  1-88 

-  1*77 

50 

El  Paso  East  Base 

38  57  16  -50 

20  84 

20  64 

4*34 

4-14 

51 

Colorado  Springs  ( 1873) 

38  49  59  98 

61  -74 

61-65 

-  1-76 

-  1-67 

52 

Pikes  Peak 

38  50  27  -28 

24-82 

24*72 

-i-  2-46 

4-  2  56 

53  , 

Mount  Ouray 

38  25  18 -oo 

21  -40 

21-14 

-  3*40 

3*14 

54 

Treasury  Mountain 

39  00  47  -25 

49-68 

49*58 

2*43 

2  33 

55 

Gunnison,  Colorado 

38  32  44  -39 

45*65 

45*40 

—   I  -26 

—  X  -01 

56 

Uncompahgre 

38  04  15  74 

16-71 

16-30 

097 

—  0-56 

57 

Grand  Junction 

39  03  59  *o4 

53*84 

53  70 

-f    5*2o 

+  5*34 

58 

Tavaputs 

39  32  17-12 

23  -20 

23-19 

-  6-08 

—  6  07 

59 

Mount  Waas 

38  32  29  -oo 

19-22 

18-88 

-h  9*78 

4-IO-I2 

60 

1 

Green  River 

38  59  23  63 

28-95 

28-71 

5*32 

-  5  08 

61 

Patmos  Head 

39  29  56-86 

69*05 

68-96 

—12  -19 

—  1210 

62 : 

Mount  Ellen 

38  07  24  -17 

15  33 

14*79 

4-  8-84 

f  9  -38 

63' 

Wasatch 

39  06  53  -83 

56-13 

55*86 

—  2-30 

—  2-03 

64 

Mount  Nebo 

39  48  32  -31 

37-24 

37 -18 

-  4*93 

-  4-87 
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I.    COMPARISON    OP    ASTRONOMIC    AND   STANDARD    GEODETIC   LATITUDES    DEVELOPED 

UPON  THE  SPHEROIDS  OF  CLARKE  AND  BESSEL — Continued. 


No. 

Name  of  astronomic  station. 

Observed 

astronomic 

latitude. 

Seconds 
of  geodetic 

latitude. 

Clarke's 
spheroid. 

Seconds 

of  geodetic 

latitude 

Bessel's 

spheroid. 

(A-G) 
Clarke.            Bessel. 

0      /        // 

// 

// 

// 

// 

65 

Gunnison,  Utah 

39  09  25  46 

29*76 

29-49 

4*30 

--   4-03 

66 

Ogden  Peak 

41    II   59*22 

59*50 

59*89 

—  0*28 

—   0*67 

67 

Salt  Lake  City 

40  46  03  -36 

II  'lO 

11*35 

7*74 

"   7*99 

68 

Ogden  Observatory,  longitude  pier 

41   13  08  '33 

II  '27 

11-66 

2-94 

-  3*33 

69 

Waddoup 

40  54  21  73 

22  72 

23-01 

0*99 

—   I  -28 

70 

Antelope 

40  57  40  16 

4278 

43*07 

—  2  -62 

—  2  91 

71 

Promontory 

41   17  47  77 

52-42 

52-81 

4*65 

5*04 

72 

Deseret 

40  27  31  -25 

33*74 

33*84 

2-49 

-  2-59 

73 

Beaver 

38  16  22  90 

24*37 

23  77 

1*47 

—  087 

74 

Oasis 

39  17  35  "29 

3670 

36-42 

—  1-41 

-     I -13 

75 

Ibepah 

39  49  38  *97 

41*47 

41  -28 

—  2-50 

—  2-31 

76 

Pilot  Peak 

41  01  07  -83 

15*98 

16 -18 

-  8-15 

-  8-35 

77 

Pioche 

37  59  06  80 

09-98 

09*20 

-  3*18 

—  2  40 

78 

Pioche  United  States  Engineer's  Sta- 

tion 

37  55  25  -80 

37*34 

36-52 

-11*54 

—  10-72 

79 

Diamond  Peak 

39  35  03  65 

06  05 

05-65 

—  2  40 

—  2  00 

80 

Mount  Callahan 

39  42  31  -92 

34-31 

33*86 

2-39 

1*94 

81 

Toiyabe  Dome 

38  49  53  '91 

58-41 

57*65 

—  4-50 

3*74 

82 

Carson  Sink 

39  34  57  -67 

59*64 

59*05 

1*97 

-  1-38 

83 

Carson  City,  observatory,  Z.  T. 

39  09  47  -25 

51*24 

50-38 

--  3*99 

-  3*13 

84 

Verdi 

39  31  04-29 

05  11 

04  35 

—  0-82 

—  006 

85 

Lake  Tahoe,  Southeast 

38  57  19  "37 

15*71 

14*77 

-f-  3*66 

4-4-60 

86 

Mount  Conness 

37  57  55  "98 

58 -23 

57*04 

2  25 

—  I  06 

87 

Round  Top 

38  39  46  -27 

49*31 

48-27 

3*04 

—  2  00 

88 

Mount  Lola 

39  25  57  '37 

59  30 

58-47 

-  1*93 

—   I  -10 

89 

Mocho 

37  28  3671 

38-76 

37*21 

—  2-05 

—  0-50 

9^ 

Marysville 

39  08  12  '27 

18  71 

17-67 

-  6-44 

-  5*40 

91 

Mount  Hamilton,  Lick  Observatory, 
Coast    and    Geodetic    Astronomic 

Station 

37  20  28  -85 

33*87 

32*27 

—  5-02 

-  3*42 

92 

Yolo  Base  Southeast 

38  31  34  '55 

41*70 

40-45 

-  7*15 

-   5*90 

93 

Yolo  Base  Northwest 

38  40  37  -25 

44-01 

42  -80 

-  6-76 

5*55 

94 

Mount  Diablo 

37  52  49  -60 

54*52 

53*06 

4*92 

-  3*46 

95 

Vaca 

38  22  23  -27 

32-52 

31*19 

9*25 

-  7  92 

96 

Monticello 

38  39  46  -26 

50-04 

48-79 

-  3*78 

-  2-53 

97 

San  Francisco,  Washington  Square 

37  47  56  -90 

63-80 

62 -26 

—  6  90 

-  5-36 

98 

San  Francisco,  Lafayette  Park 

37  47  28  -31 

31-01 

29*47 

-     2  70 

-  I -16 

99 

San  Francisco,  Presidio,  old 

37  47  35  -96 

38-24 

36-70 

—    2*28 

-  0-74 

ICX) 

San  Francisco,  Presidio,  new 

37  47  48  '35 

50-47 

48-93 

—    2*12 

—  0-58 

844 


UNITED  STATES  COAST   AND   GEODETIC  SURVEY. 


I.    COMPARISON    OF    ASTRONOMIC    AND  STANDARD    GEODETIC   LATITUDES    DEVELOPED 

UPON   THE  SPHEROIDS  OF  CLARKE   AND   BESSEL — Completed. 


No. 


Name  of  astronomic  station. 


lOI 

Mount  Tatnalpais 

I02 

Mount  Helena 

103 

Ross  Mountain 

104 

Sulphur  Peak 

105 

Ukiah 

106 

Point  Reyes 

107 

Bodega 

108 

Mendocino  City 

109 

Point  Arena 

Seconds         Seconds 

Observed  of  geodetic  of  geodetic 

astronomic  latitude,         latitude 

latitude.  Clarke's         Bessel's 

spheroid.       spheroid. 


37  55 

38  40 

38  30 
3845 

39  08 

37  59 

38  18 

39  i8 
38  55 


// 

19-18 

01  05 
09*96 

44-42 

54*59 
33  62 

20*11 

05  50 
10 'i6 


26*65 
09  23 
19*70 

53 '38 
58*00 

43  "41 
28  96 
12 '60 
18-07 


25*13 
07*94 

18-31 
52*10 
56*80 
41*88 
27*52 

"•39 
1675 


(A-G) 
Clarke.  Bessel. 


ff 

-  7*47 

-  8 -18 

-  9  74 
-8*96 

-  3*41 

~  9  79 
~  8*85 

—    7  TO 

-  7*91 


ff 

-  5*95 
-6*89 

-  8*35 
-7*68 

—  2  *2I 

-  8*26 

-  7*41 

-  589 

-  6*59 


2.    COMPARISON   OF    ASTRONOMIC    AND   STANDARD    GEODETIC    AZIMUTHS   ON   THE 

SPHEROIDS  OF  CLARKE   AND   BESSEL. 


No. 


Station  occupied. 


Station  referred  to. 


I 

Cape  Henlopen  Light 

Brandy  wire  Sh 

2 

Principio 

Turkey  Point 

3 

Calvert 

Meekin  Neck 

4 

Marriott 

Hill 

5 

Webb 

Soper 

6 

Hill 

Webb 

7 

Soper 

Webb 

8 

Seaton 

Hill 

9 

Cau.sten 

Soper 

10 

Sugar  Loaf 

Bull  Run 

II 

Maryland  Heights 

Bull  Run 

12 

Bull  Run 

Peach  Grove 

13 

Clark  Mount 

Bull  Run 

14 

Long  Mount 

Spear 

15 

Elliott  Knob 

Humpback 

16 

Keeney 

Bald  Knob 

17 

Pincy 

Gebhardt 

iS 

Gould 

Howland 

19 

Minerva 

Ash  Ridge 

20 

Reizin 

Tanner 

21 

Weed  Patch 

Fountain 

22 

Osborn 

Calvary 

23 

Parkersburg 

Denver 

24 

Newton 

Claremont 

25 

Bording 

Geoffrey 

26 

Kleinschmidt 

Insane  Asylum 

27 

Berger 

Winter 

2S 

Jefferson  City 

Cedar 

Obser\'ed 

astronomic 

azimuth 

west  of 

south. 

Seconds 
of  geo- 
detic 
azimuth, 
Clarke's 
spheroid. 

Seconds 
of  geo- 
detic 
azimuth, 
Bessel's 
spheroid. 

(A-G) 
Clarke.       Bessel. 

01       t' 

n 

tt 

If 

// 

173  45  17  64 

»5-29 

22-95 

+ 

2-35 

-  5-31 

I  34  43  50 

34-58 

42  05 

-1- 

8  92 

-1-  1*45 

252  06  09-18 

00 '81 

08-04 

+ 

8-37 

4-  I  14 

96  37  43*40 

35  04 

42  25 

+ 

8-36 

+  I   15 

885949-38 

42  70 

49-91 

+  6-68 

-  0-53 

219  46  58  If 

51-13 

58-26 

-1- 

6  98 

-  0-15 

268  49  23  60 

18  14 

25-26 

+  5  46 

-  1-66 

265  32  53  61 

43-55 

50*64 

+  1006 

+  2  97 

210  54  41  65 

37-58 

44-65 

+ 

4-07 

-  300 

32  29  16-97 

22-28 

29-30 

^ 

5-31 

-12-33 

358  43  07-18 

10-54 

17-46 

— 

3-36 

—  10-28 

263  53  28  -49 

30  60 

37-48 

— 

211 

-  8-99 

ao2  19  27-98 

28-81 

35 '55 

— 

083 

-  7 '57 

223  28  41  64 

46-66 

5299 

— 

5  02 

-11-35 

303  25  24-46 

22  28 

38-62 

4- 

2 -18 

-4-16 

257  04  35  89 

33-77 

3965 

+ 

2-12 

-376 

119  04  31-84 

32-69 

38-22 

— 

085 

-  6-38 

84  49  13  -6» 

11-27 

16  57 

+ 

2-34 

-296 

210  54  42  38 

47*60 

52  54 

-- 

5-22 

—  10 -16 

276  56  46  02 

48-99 

5356 

— 

2-97 

-  754 

7  33  21  28 

32*01 

36-25 

— 

073 

-4*97 

192  16  17-59 

18-34 

22  36 

— 

075 

-  4-77 

143  16  15-55 

17-21 

20  85 

— 

1-66 

-  5-30 

321  29  05  30 

06-20 

09-82 

— 

0-90 

-  4  52 

53  25  07  53 

05-77 

09  00 

+ 

176 

-  1-47 

aoo  09  31  '81 

30-73 

33*66 

+ 

1-06 

-  1*85 

39  12  05  64 

03-05 

05-67 

+ 

2-59 

—  003 

X99  55  37  "47 

35-93 

38*36 

+ 

1*54 

-079 
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2.    COMPARISON   OF   ASTRONOMIC  AND  STANDARD   GEODETIC  AZIMUTHS  ON  THE 

SPHEROIDS  OF  CLARKE   AND   BESSEL — Completed. 


No. 


Station  occupied. 


Station  referred  ta 


39 

Hunter 

Christian 

30 

Adams 

Clark 

31 

Salina  West  Base 

Salina  East  Base 

32 

Russell  Southeast 

Russell  Northwest 

33 

Overland 

Eureka 

34 

El  Paso  Hast  Base 

El  Paso  West  Base 

35 

Pikes  Peak 

Mount  Ouray 

36 

Mount  Ouray 

Uncompahgre 

37 

Gunnison,  Colorado 

Uncompahgre 

38 

Treasury  Mountain 

Mount  Waas 

39 

Uncompahgre 

Treasury  Mountain 

40 

Grand  Junction 

Chiquita 

4J 

Tavaputs 

Patmos  Head 

42 

Mount  Waas 

Mount  Ellen 

43 

Patmos  Head 

Wasatch 

44 

Mount  Ellen 

Patmos  Head 

45 

Wasatch 

Mount  Nebo 

46 

Mount  Nebo 

Tushar 

47 

Salt  Lake  City 

City  Creek 

48 

Waddoup 

Ogden  Peak 

49 

Ogden  Observatory 

Ogden  Peak 

50 

Ogden  Peak 

Mount  Nebo 

51 

Antelope 

Deseret 

52 

Promontory 

Ogden  Peak 

53 

Dcseret 

Mount  Nebo 

54 

Ibepah 

Diamond  Peak 

55 

Pioche 

Tushar 

56 

Pilot  P^k 

Mount  Nebo 

57 

Diamond  Peak 

Mount  Callahan 

58 

:  Mount  Callahan 

Carson  Sink 

59 

Toiyabc  IJome 

Mount  Grant 

60 

Carson  Sink 

1 

Mount  Callahan 

61 

1  Mount  Conness 

Round  Top 

62 

'  Lake  Tahoe  Southeast 

Folsom  Peak 

63 

,  Round  Top 

Mount  Helena 

64 

'  Mount  Lola 

Mount  Helena 

65 

Mocho 

Mount  Diablo 

66 

Yolo  Base  Southeast 

Yolo  Base  Northwest 

67 

1  Yolo  Base  Northwest 

Yolo  Base  Southeast 

68 

Mount  Diablo 

Mount  Helena 

69 

1  Vaca 

Yolo  Base  Southeast 

70 

j  Monticello 

Mount  Helena 

71 

Mount  Tamalpais 

Mount  Diablo 

72 

Mount  Helena 

Mount  Diablo 

73 

,  Paxton 

Mount  Sanhedrin 

rkK««»,«/i  Seconds     Seconds 

oS^tJTi^l  of  geo-       of  geo- 
oSSSS^^         detic  detic 

«-S!if  axinmth,    azimuth, 

^.!Ji?  Clarke's     Bessel's 

®°"^"-  spheroid,  spheroid. 


(A-G) 
Clarke.      Bessel. 


or"  I' 

221  48  20 '49  23*17 

II  46  II  94  12 '39 

248  36  18  -32  24  -22 

1404259-79  679 

284  10  32-62  33-61 

102  48  04-62  03*24 

66  05  16-70  II  04 

70  35  51  27  54  27 

41  55  0039  "72 

74450471  1828 

1964255*84  64*10 

23  57  23  98  31  93 

88  17  40-85  46*95 

72  00  16*62  30*65 

66  41  18*70  29-77 

195  35  57  "89  6446 

160  54  02*73  12*28 

20  05  23*06  41  *ii 

192  02  50  50  68  67 

1804232*55  5658 

283  08  44  70  61  *47 

3561930-37  4425 

31  59  04  14  13 '59 

283  23  62  64  63  07 

314  14  01  38  14  -72 

81  II  28  49  36*26 

250  58  50  '29  58  '55 

303  40  14*15  T9»9 

98  27  13*82  19*66 

83  09  34  *84  42  *oo 

77  20  49*29  58*51 

262  20  25  50  31  -52 

142  39  19*46  29  96 

177  56  19*13  29*4 

90  58  53  "89  5984 

67  21  62  36  66  09 

144  57  35  '71  42  -66 

163  07  13  11  21*65 

343  05  02  07  lo  60 

144  28  16  *03  21  -56 

235  38  36  '55  39  '99 

91  04  25*30  30*33 

274  15  15  "04  22*13 

324  01  24  96  37  52 

2034705-77  17 '36 


n 

25*31 

13*45 

24-78 
68  07 

32-30 
01*51 
09  14 

51 '99 
09*22 

15  71 
61-44 

28*88 

43*73 
27*41 

26-13 

60  72 

08-28 

36  97 
64*43 
52*34 
57*17 
40-00 

09*23 
58*62 
10*24 
31*40 
53 -So 

14*19 
14  23 

36*19 
52*66 

25*11 

23*57 
22*7 

53 -18 

59*24 
35  63 

M*45 
03  38 
14*40 
32  72 
23  00 

14*76 
30*06 
09*66 


n 
-2-68 

-  045 

-  5*90 

-  8-TI 

_  o*99 

+  1-38 
+  5*66 

-  300 
-"•33 
-»3  '57 

-  8*26 

-  795 

-  6*10 
-14*03 
—II  07 
-6*57 

-  9*55 

-18*05 

-  18-17 
-24-03 
-16-77 
-13*88 

-09  45 

-  0-43 
->3"34 

-  7*77 

-  8-26 

-5*04 

-  5*84 

-  716 

-  9*22 

-  5*82 

-  10*50 
-10*3 

-  5  95 

-  3*73 

-  6*95 

-  8-54 
~  8*53 

-  5*53 

-  3*44 

-  5*03 

-  7*09 
-12*56 
-11*59 


// 

-  4-82 

-  1*51 

-  6  46 

-  8*28 
+  032 
+  3*" 
+  7*56 

-  0-72 

-  8-83 

-  II  -oo 

-5'6o 

-  490 

-2-88 
-1079 

-  7*43 

-  2-83 

-  5*55 

-13*91 

-13*93 
-19*79 

-12*47 

-  9  63 

-  5*09 
+  4  02 
-8-86 

-  2*91 

-  3*51 

-  004 

-  0-41 

-  1*35 

3  0/ 
+  0*39 

-  4-11 

-  3*6 
+  0-71 

+  3*12 
+  o*ob 

-  1*34 

-  1*31 

+  1*63 
+  3-83 
+  2-30 

+  0*28 

-  5*10 

-  3-89 
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3.    COMPARISON  OF  ASTRONOMIC   AND  STANDARD   GEODETIC   LONGITUDES  ON  THE 

SPHEROIDS  OP  CLARKE  AND   BESSEL. 


No. 


I 
2 
3 

4 
5 


Name  of  astronomic  station. 


Cape  May,  transit 

Dover 

Washington,  Coast  and  Geodetic  Survey  Office,  observatory 

transit 
Washington,  old  Naval  Observatorj',  dome 
Washington,  new  Naval  Observatory,  clock  room 


6  <  Strasbnrg 

7  I  Charlottesville,  McCormick  Observatory 

8  Charleston,  West  Virgfinia 

9  Cincinnati,  Mount  Lookout  Observatory,  dome 

10  I  Vincennes 

1 1  Parkersburg,  transit 

12  St.  Louis,  transit  pier,  Washington  University 

13  Kansas  City 

14  Bllsworth 

15  Wallace 

16  Colorado  Springs  ( 1885) 

17  Gunnison,  Colorado 

18  Grand  Junction 

19  '  Green  River 

20  Salt  Lake  City 

21  Ogden  Observatory,  longitude  pier 

22  Oasis 

23  Eureka 

24  Austin 

25  Virginia  City 

26  Carson  City,  Observatory  transit 

27  Genoa 

28  X«ake  Tahoe  Southeast. 

29  Verdi 

30  Sacramento 

31  Marysville 

32  Mount  Hamilton,  Lick  Observatory,  transit  house 

33  San  Francisco,  Washington  Square 

34  San  Francisco.  Lafayette  Park 

35  San  Francisco,  new  Presidio 

36  I  ITkiah 

37  Point  Arena 


Observed 

astronomic 

longitude. 


o    f 


tt 


74  55  45 '68 

75  31  18  '45 

77  00  25  64 
77  02  62*30 

77  03  56  -76 

78  21  3570 

78  31   20 -ID 

81   37  61   95 

84  25   20-97 

.  87  31   30  14 

88  01  48  -30 
90  12  18*84 
94  35  21  06 

98  13  36-36 
101  35  25-96 


04  49  10  -65 
06  55  30  -68 
08  33  54  02 

10  09  53  08 

11  53  47  -60 

"  59  55  "59 
"  37  55  "41 
15  57  37  56 
17  04  27  24 
19  38  42-08 

19  45  44  '60 
19  50  22  34 

19  56  45  90 
19  58  52-90 
21  29  35  -So 

21  35  17*79 

21  38  43  42 

22  24  36*62 
22  25  42*92 

22  27  12*20 

23  "  33*51 
23  41  46  '26 


Seconds 
of  geo- 
detic lon- 
gitude, 
Clarke's 


Seconds 
of  geo- 
detic lon- 
gitude. 
Bessel's 


spheroid,    spheroid. 


n 

48  03 

24*51 

32*71 
66*68 
62-80 

39*53 

21*15 

59*64 
21  -72 

35*32 

49-27 
17  63 
22*23 

44*97 
31*41 

34  "55 
26*54 
53 '16 

55  *40 
26-89 

37*54 
43*96 

30*24 
11*79 

49*52 

48  59 
45*92 
40 '60 
57*68 
30*04 

09*88 
30*42 
31-11 
36*82 

04*83 

27*60 
23*96 


35*43 

I2'l6 

21-16 

55*15 
51  27  , 

2865 

10*50 

50  52 

J3*94  , 
29-20 

43*42  ! 
12*90 
19  •7 
44*42 

32  62 ! 

I 

I 
37*45 
30*52 
5803 
61  'lO 

33*65 

44*40 
50*96 
39*00 
21*13 
6o*i6 

59  27 
5662 

51*34 
68*53 
41*51 

21*49 

41*77 
42-92 

48*64 
16-66  I 

40  04 
36-60! 


(A-G) 
Clarke.     Bessel. 


//  « 

-  235      +10-45 

—  6-o6      +  6-2^ 


-  7  07 

-  4*38 

-  6*04 

-  3*83 

-  1*05 
+  2-31 

-  0-75 

-  5 '18 

-  0-97 

4-    I  *2I 

-  1*17 

-  8*61 

-  5*45 

-23  90 

+  4x4 
+  0-86 

-  2*32 

+20-71 

+  18*05 

+  "  '45 
+  7  32 
+  »5-45 
-7*44 

-3*99 

-23*58 
+  5*30 

-  4*78 
+  5*76 

+  7*91 
+  13-00 

+  5 '51 
+  610 

+  7*37 

+  5*91 
+22-30 


+  4*4& 
+  7*15 
+  5*49 

+  7*05 
+  9'6a 

+  "•43 
+  7*03 
+  0-94 

+  4*88 

+  5*94 
+  1*29 

-  8-06 

-  6-66 

-26-80 
+  0-16 

-  4*oi 

-  8 -02 

+13-85 

+  "•19 
+  4*45 

-  1*44^ 

+  611 

-18 -08 

-14-67 
-34*28 

-  5*44 
-15  63 

-  5*71 

-  3*70 
+  1-65 

-  6-30 

-  5*72 

-  446 

-  6*53 
+  9^66^ 


TRANSCONTINENTAL   TRIANGULATION — PART  VII — POSITIONS.       847 

• 
Scrutinizing  the  preceding  tabular  results  expressing  the  deviations  of  the  astro- 
nomic and  geodetic  results,  for  the  two  representative  spheroids,  and  beginning  with 
the  latitudes,  we  notice  that  the  figures  in  the  last  two  columns  easily  fall  into  three 
groups.  In  the  first  group  of  19  values,  between  the  Atlantic  coast  and  the  eastern 
flank  of  the  Blue  Ridge,  the  deflections  are  small  and  changing  sign;  in  the  second 
group  of  29  values,  from  the  Blue  Ridge  to  western  Kansas,  the  plus  sign  is  largely 
predominating,  and  in  the  third  group  of  61  values,  from  western  Kansas  to  the  Pacific 
coast,  the  opposite  sign  subsists.     The  average  deviations  are  as  below: 


// 

// 

Group  I,  stations    i  to    19 

tJ^2(W-G^)  =  -o-34 

-f-077 

Group  2,  stations  20  to    48 

^'Si^A-G)  =-f-2-29 

-f3'52 

Group  3,  stations  49  to  109 

^2(^-6^)  = -3 -69 

—2*89 

Thus,  over  the  great  extent  of  the  second  group,  the  average  surface  of  the  geoid 
(in  the  region  of  the  thirty-ninth  parallel)  seems  to  be  tilted  toward  the  north  2  or  3 
seconds,  whereas  in  the  third  group,  covering  the  region  across  the  Rocky  Mountains, 
the  tilt  of  the  geoid  is  opposite  and  toward  the  south  about  3  seconds.  These  deforma- 
tions are  well  marked  and  afford  us  a  glimpse  of  their  vast  extent,  though  at  present 
we  have  no  means  of  tracing  them  to  the  north  or  south  beyond  our  parallel.  Squaring 
the  differences  i^A-G)  and  summing  up,  we  find  for  the  spheroids  for  (C),  2  389  and  for 
(^. ),  2  163.  The  difference  is  small,  as  might  have  been  expected  from  the  small  excur- 
sions beyond  latitude  39°  and  is  in  favor  of  the  Besselian  spheroid. 

The  azimuthal  comparisons  exhibit  much  larger  differences  than  the  preceding 
ones.  We  have  2{A-Gy  =  4  895  for  ( C)  and  2  888  for  {B)  and  after  rejecting  8  stations, 
all  west  of  Pikes  Peak,  where  the  deflections  exceed  13  seconds,  the  above  figures 
become  2  813  and  i  665,  respectively,  in  favor  of  B's  spheroid.  It  is  different  with 
the  iong-iiudmal comparisons;  here  we  have  2{A-Gy  =  3  674  for  (C)  and  4  186  for  (B) 
and  after  rejecting  5  values,  at  Colorado  Springs  and  4  stations  west  of  it,  where  the  deflec- 
tions exceed  18  seconds,  we  find  i  294  and  i  882,  respectively,  in  either  case  in  favor 
of  Clarke's  spheroid.  In  a  general  way  the  tabular  values  of  (A-G)  in  the  last  two 
columns  appear  in  opposition  respecting  their  sign,  and  near  the  Atlantic  side  of  the  arc 
the  negative  signs  for(C)  predominate;  near  the  Pacific  side  the  positive  signs  prevail. 
This  last  remark,  as  has  already  been  stated,  is  in  conformity  with  the  fact  of  the  prev- 
alence of  opposite  signs  in  the(C.)  columns  of  (A-G)  of  the  azimuthal  and  longitudinal 
tables.  We  have  for  the  azimuthal  stations  Nos.  i  to  9  the  mean  value  i  2 (A-G)  = 
+  6"'8,  which  converted  into  longitudinal  difference  by  (JA.  =  —  (Jaf  cosec  or,  equals  —  io"*8, 
the  mean  tabular  difference  is  — 5" '2;  on  the  Pacific  side  we  have  the  mean  of  8 
values  (Nos.  66-73)  of  (A-G)  from  azimuths  —  7"*8  corresponding  to  +  I2''*4  in 
longitude;  the  mean  tabular  difference  (Nos.  30  to  39)  is  +9" '2. 


848  UNITED  STATES   COAST  AND   GEODETIC  SURVEY. 

E.  REVIEW  OF  THE  STATIONS  EXHIBITING  LARGE  LOCAL  DEFLEC- 
TIONS OF  THE  PLUMB  LINE  IN  THE  PLANE  OF  THE  PRIME 
VERTICAL  OR  IN  LONGITUDE. 

The  effect  of  the  local  disturbing  action  on  the  direction  of  the  vertical  at  a 
station,  due  to  irregularities  of  distribution  and  of  density  of  the  surrounding  masses, 
may  be  approximately  ascertained,  provided  we  possess  a  contoured  map  of  proper 
scSle  and  extent  of  the  region.  Even  with  this  knowledge  the  actual  magnitude  of 
the  deflections  must  to  a  large  extent  remain  uncertain,  mainly  owing  to  the  defects  of 
our  reference  spheroid  and  to  our  ignorance  of  the  underground  distribution  of  the 
masses  and  their  density.* 

At  present  we  possess  but  very  scanty  knowledge  respecting  the  surface  configura- 
tion and  distribution  of  matter  at  and  in  the  vicinity  of  our  longitude  stations;  yet  it 
will  be  desirable  to  examine  somewhat  in  detail,  at  stations  exhibiting  large  deviations 
from  the  normal,  how  far  the  visible  topographic  environment  may  account  for  or 
support  the  observed  deflections.  Owing  to  the  heterogeneous  nature  of  the  earth's 
crust,  computations  of  this  kind  have  not  been  very  successful;  although  in  cases  of 
obvious  influence  a  fair  agreement  between  observed  and  computed  deflection  in  sign 
and  magnitude  is  generally  brought  out. 

What  will  be  needed  by  the  computer,  at  least  for  stations  showing  large  deflec- 
tions, is  a  rough  topographic  survey  covering  the  region  for  tens  of  kilometres,  the 
extent  depending  upon  local  circumstances;  the  map  to  give  the  elevations  b}'  contour 
lines  at  suitable  vertical  inter\'als  as  between  50  and  100  or  more  metres. 

Of  stations  exhibiting  large  east  or  west  deflections — say,  between  about  20"  and 
30" — Colorado  Springs,  Colorado,  and  Genoa,  Nevada,  hold  first  rank.  Both  places 
face  an  eastern  flank  of  mountains  which  rise  to  a  considerable  height.  Here  (A-G)  is 
negative;  hence  the  plumb  line  is  largely  deflected  westward. 

There  are  about  6  other  stations  with  less,  but  still  large,  deflections  with  their 
(A-G)  positive,  showing  the  plumb  line  deflection  to  be  easterly.  They  are  Point 
Arena,  California;  Salt  Lake  City,  Ogden,  and  Oasis,  Utah;  Austin,  Nevada,  and 
Mount  Hamilton,  California. 

I.  At  Colorado  Springs  the  local  configuration  is  as  follows:  Elevation  of  the  station 
above  the  sea  i  822  metres  (or  5  978  feet);  elevation  of  Pikes  Peak  4  300  metres  (or 
14  108  feet).  Pikes  Peak  is  west  of  Colorado  Springs  i8>^  kilometres  (or  11 J^  statute 
miles).  A  profile  through  the  station  and  looking  westward  shows  a  plateau  at  an 
elevation  of  about  10  500  feet  and  extending  from  60  to  80  miles,  where  it  reaches  the 
continental  watershed  or  divide.  The  distribution  and  form  of  these  masses  are  so 
very  irregular  that  no  representative  geometric  figure  could  be  substituted  to  determine 


*  Note  by  the  Editor.— The  eflFect  of  a  raouiitain  on  the  direction  of  the  plumb  line  was  successfully  calculated 
in  the  case  of  Haleakala,  in  the  Hawaiian  Islands.  Utilizing  the  contours  furnished  by  the  Government  Sur\'ey,  the 
attraction  was  determined,  at  the  station  "  Kaupo,"  by  the  formula — 


h 

r^  COS.  a  da  dr  dz 


( ;-«  \-  s^) 


32 


10  be  27"'9.  The  latitude  of  this  point  was  found  by  astronomical  observations,  and  a  similar  determination  was  made 
for  a  point  on  the  other  side  of  the  mountain.  The  two  stations  l>eing  connected  by  triangulation,  a  deflection  of  the 
plumb  line  at  "  Kaupo  "  of  29""4  was  revealed.  Here  we  have  a  discrepancy  of  only  i""5  between  the  two  determinations. 
The  mountain  is  lo  ooo  feet  high  and  about  80  miles  in  circumferetice  at  the  base.  See  Coast  and  Geodetic  Survey  Report 
for  1888,  Appendix  No.  14,  page  529. 
July,  1900. 
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roughlj'  the  amount  of  deflection.  Supposing  an  attracting  mass,  cone-shaped,  with 
height  2  478  metres  and  a  base  of  30  kilometres  radius,  density  2*3  and  distance  18 ',2 
kilometres,  the  angular  deflection  would  be  nearly  22  seconds. 

2.  The  station  Genoa  is  located  at  the  foot  of  the  steep  slope  of  a  spur  of  moun- 
tains extending  along  the  eastern  side  of  Lake  Tahoe.  For  this  locality  we  possess  a 
map  of  the  topographic  survey  by  Lieut.  G.  M.  Wheeler,  United  States  Anny,  expedi- 
tion of  1876-77,  from  which  we  take  the  following  heights:  Genoa,  4  801  feet;  crest  of 
range  at  Genoa  Peak,  9  155  feet,  and  at  Monument  Peak,  10  035  feet;  surface  of  Lake 
Tahoe,  6  202  feet  (according  to  railroad  reports  6  247).  Here  the  physical  hypsometric 
features  lend  themselves  readily  to  simple  mathematical  treatment.  Referring  to  Clarke's 
Geodesy,  page  298,  to  the  case  of  the  attraction  at  a  point  Pow  the  slope  of  a  triangular 
section  of  a  mountain  range  of  indefinite  extent,  we  get,  on  transforming  the  expression, 
when  P  is  at  the  foot  of  the  slope — 

A  =  6'^  -22 1  %  base  .  sin  2tf'  log-  ^  — ^®^  -\  +  2tf .  base  .  sin»  (J«  | 

where  A  the  attraction  in  seconds,  (J  the  inclination  of  the  front  and  0"  that  of  the  rear 
slope,  assumed  density  of  mass  23,  and  the  unit  of  length  being  the  statute  mile. 

With  base  =  6  miles  at  the  level  of  Genoa  station,  tan  (T  =  —  -  -;  hence  (y  =  22°,  and 

2-25 

{7'=i3°-6;  we  get  ^=ii"*5.     This,  however,  takes  no  account  of  the  attraction  of 

the  range  on  the  west  side  of  the  lake  about  20  miles  distant  and  rising  at  least  to  a 

height  equal  to  that  on  the  east  side. 

3.  At  Salt  Lake  City,  which  is  at  an  elevation  of  4  334  feet,  we  have  to  the  westward 
for  about  150  miles  a  tolerably  level  ground,  nowhere  rising  much  above  5  000  feet, 
whereas  to  the  east  an  outer  spur  of  the  Wasatch  Range  rises  to  about  9  500  feet  at  a 
distance  of  about  12  miles.  Farther  east  the  Uintah  Mountains  are  at  a  still  higher 
elevation.     These  conditions  account  for  the  large  deflection  at  this  place. 

4.  Ogden  City  (obser\'atory)  is  similarly  situated  as  the  above  station.  The  eleva- 
tion of  the  observatory  is  i  338  metres  (or  4  390  feet),  and  that  of  Ogden  Peak  2  924 
metres  (or  9  592  feet),  which  point  is  but  9'689  kilometres  distant  from  the  observa- 
tory. The  difference  in  height  is  i  586  metres  (or  5  203  feet).  To  the  west  we  have 
the  Salt  Lake,  with  Promontory  Ridge  (about  6  500  to  7  000  feet  high)  jutting  into  it, 
while  to  the  east  the  closeness  of  the  steep  flank  of  the  Wasatch  Range  and  the  elevated 
plateau  over  7  000  feet  in  height  farther  to  the  east  must  exert  a  powerful  influence  on 
the  vertical  at  the  observatory. 

5.  The  station  Oasis,  at  an  altitude  of  about  i  387  metres  (or  4  550  feet),  is  .situated 
near  the  Sevier  River  and  in  the  desert  of  that  name.  To  the  west  the  desert  extefids 
many  miles,  but  little  of  it  is  known  except  some  minor  elevations  i  ock)  or  2  000  feet 
above  the  general  level;  but  at  a  distance  of  60  kilometres  (or  37  j^  miles)  the  Antelope 
Mountain  rises  to  2  959  metres  (or  9  708  feet).  Ea.stvvard  of  the  station  the  Canon 
Mountains  culminate  at  the  Point  Scipiowithan  altitude  of  2  967  metres  (or  9  734  feet), 
which  point  lies  at  a  distance  of  atout  38  kilometres  (or  23^  .statute  miles).  Here, 
then,  we  have  to  expect  a  differential,  or  much  smaller,  longitudinal  deflection  than  in 
the  above  cases,  where  the  attracting  masses  were  much  nearer  the  stations  attracted. 

6.  Atistin  City  is  situated  on  a  western  slope  rising  from  an  elevation  of  about  5  000 
feet  at  Reese  River,  7  or  8  miles  distant  from  Austin  City,  to  its  crest  of  about  8  500 

18732— No.  4 54 
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feet  elevation.     Information  is  wanting  to  estimate  the  deflection,  except  that  it  must 
be  to  the  east. 

7.  Mount  Hamilton,  upon  which  the  Lick  Obsen^atory  is  located,  is  of  comparatively 
low  altitude,  rising  only  to  i  287  metres  (or  4  221  feet).  The  mountain  is  of  conical 
shape  with  its  western  slope  sinking  into  the  Santa  Clara  Valley,  which  is  here  less 
than  100  feet  above  the  ocean.  From  the  north  around  by  northeast  to  southeast  the 
mountain  is  surrounded  by  closely  packed  masses  rising  to  3  000  feet  or  more  and  com- 
prised within  a  radius  of  about  30  kilometres  (or  i8J^  miles).  The  attraction  of  these 
masses  is  to  some  extent  compensated  b}^  that  of  the  west  era  hills  of  the  Coast  Range, 
which  to  the  west  skirt  the  Pacific  Ocean  at  a  distance  of  aboi;t  75  kilometres  (or  46  J4 
miles)  from  the  mountain.  The  elevation  of  the  Coast  Range  is  betw^een  i  500  and 
2  000  feet,  but  that  of  the  Santa  Cruz  Mountains  to  the  southwest  reaches,  at  its  culmi- 
nating point,  I  157  metres  (or  3  797  feet)  and  is  distant  31  kilometres  (or  19  miles). 
We  may  infer  that  at  the  Lick  Obser\^atory  the  vertical 'is  not  largely  affected  (plumb- 
line  attracted  to  the  eastward).    . 

8.  There  remains  for  special  examination  the  environment  of  Point  Arena ^  the 
western  terminal  station  of  the  arc  and  distant  from  the  coast  less  than  4  kilometres  (or 
2*4  statute  miles).  The  vertical  at  this  place  is  under  the  direct  influence  of  the  attract- 
ing force  of  the  mountains  and  hills  of  the  Coast  Range,  which  in  the  parallel  of  Point 
Arena  has  a  total  width  between  120  and  130  kilometres  (or  75  and  80  statute  miles). 
Beyond  this  there  is  the  low  and  wide  valley  of  the  Sacramento  River.  The  Coast 
Range  coUvSists  of  a  series  of  parallel  ridges  trending  approximately  northwest  and  south- 
east. The  first  of  these  rises  to  834  metres  at  Cold  Spring  and  to  674  metres  at  Walalla 
and  to  about  754  metres  (or  2  474  feet)  at  a  distance  of  20  kilometres  (or  i2j<  miles); 
the  second  ridge  reaches  at  Sanel  Mountain  an  altitude  of  i  022  metres  (or  3  353  feet) 
and  is  distant  from  the  coast  44  kilometres  (or  27  miles).  At  this  station  we  may  there- 
fore expect  a  considerable  eastward  deflection  of  the  plumb  line. 

9.  The  next  longitude  station  to  the  east,  Ukiah,  lies  in  the  valley  of  the  Russian 
River  at  an  elevation  above  the  sea  between  250  and  300  metres.  It  is  on  the  western 
side  of  the  valley,  which  is  here  about  4  kilometres  in  width.  A  few  kilometres  to  the 
west,  at  Paxton,  the  hills  rise  to  i  037  metres  (or  3  403  feet);  east  of  the  station,  the 
hills  are  of  about  the  same  height,  except  at  the  crossing  of  the  main  range,  which  lies 
at  a  greater  altitude. 

10.  At  Marysville,  the  distinctive  feature  of  the  landscape  is  the  Butte,  which  lies 
westward  about  20  kilometres  (or  12^^  miles)  and  reaches  an  altitude  of  644  J4  metres 
(or  2  1 14  feet),  wiiile  Marysville  itself,  on  the  other  side  of  the  Sacramento  and  Feather 
rivers,  is  but  20  metres  (or  66  feet)  above  the  sea.  The  greater  proximity  of  the 
mountains  on  the  east  side  of  the  valley,  as  compared  with  that  on  the  west,  probably 
more  than  offsets  the  attraction  of  the  Butte. 

The  plumb  line  at  stations  in  San  Francisco  or  its  immediate  vicinity  is  probably 
but  slightly  disturbed  from  visible  causes.  The  principal  attracting  mass  along  the 
parallel  is  Mount  Diablo.  Although  i  173  metres  (or  3  849  feet)  in  height,  its  distance 
45  kilometres  (or  28  statute  miles)  is  sufficient  to  greatly  diminish  its  effect.  To  the 
w^est  as  far  out  as  the  bar,  1734  kilometres  (or  11  statute  miles),  we  have  shallow  water, 
not  exceeding  20  fathoms;  beyond  we  reach  depths  of  100  fathoms  at  a  distance  of  about 
72  kilometres  (or  44 ?i  statute  miles)  from  San  Francisco.  The  slope  into  deep  water 
is  therefore  very  different  here  from  what  it  is  off  Point  Arena. 
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F.  SYNOPSIS  OF  RESULTS  OF  THE  ASTRONOMIC  AND  CORRESPONDING 
GEODETIC  MEASURES  O^  THE  PARTS  OF  THE  ARC. 

I.    PRELIMINARY  STATEMENT. 

There  remains  the  presentation  of  the  angular  measures  of  the  several  longitudinal 
subdivisions  of  the  arc,  together  with  their  corresponding  linear  measures.  The  latter  is 
obtained  by  converting  or  redeveloping  the  geodetic  differences  of  longitudes  given  in 
column  4  of  the  last  table  into  their  corresponding  linear  equivalents  on  the  parallel  of 
39°,  I  degree  in  this  latitude  being  equal  to  86  628*62  metres  for  the  Clarke  spheroid. 
In  the  following  table  column  3  gives  the  differences  of  longitude  counted  from  the 
easternmost  station  of  the  arc,  as  determined  astronomically;  column  4  shows  the 
*  corresponding  geodetic  differences  taken  from  the  position  computations  as  developed 
ujxjn  Clarke's  spheroid,  and  the  last  column  contains,  by  redevelopment,  the  corre- 
sponding linear  distances  on  the  parallel  of  39°. 

2.    COMPARISON   OF   ASTRONOMIC   AND    GEODETIC    LONGITUDES    ON   ARC  OF  PARALLEL 

ACROSS   THE   UNITED  STATES. 


TABLE  A. 


No. 


Name  of  asttDnomic  station. 


Observed  difference     c^..>«.,^e  ^r 
of  lonKitude     A        ^'}^^^ 

east??n  ."4aon.      triaugulation.    on  parallel  of  39°. 


Corresponding 
interval  in  metres 


I 

2 

•> 
.I 

4 

5 
6 

7 
S 

9 
10 

1 1 

12 

13 

14 

15 
16 

17 
18 

19 
20 

21 

22 

23 


Cape  May 

Dover 

Washington,  Survey  Office 

Washington,  Old  Observatory 

Washington,  New  Observatory. . . 

Strasburg 

Charlottesville,  observatory 

Charleston 

Cincinnati,  observatory 

Vincennes 

Parkersburg 

St.  Louis,  University  observatory 

Kansas  City 

Ellsworth 

Wallace 

Colorado  Springs 
Gunnison,  Colorado  , 

Grand  Junction 
Green  River 

Salt  Lake  City 

Ogden,  observatory 

Oasis 

Eureka 


o     / 
o  00 

o  35 
2  04 
2  07 

2  08 

3  25 

3  35 
6  42 

9  29 

12  35 

13  06 
15  16 
19  39 

23  17 
26  39 

29  53 
3^  59 
3338 

35  14 

36  57 

37  03 

37  41 
41  01 


// 


00 'OO 

3277 
39*96 
16-62 

II -oS 
50  02 

34*42 
16*27 

35 '29 
44-46 
02  -62 
33  16 

35-38 
50-68 

40  28 

24-97 

45-00 

08-34 

07  -40 

61  -92 

69-91 

6973 
51-88 


// 
00-00 

36-48 

44*68 

18-65 

14-77 

51  -50 
33-12 

11  -61 

33-69 
47-29 

01  -24 
29  -60 
34  20 
56  94 

43  -38 
46-52 

38-51 
05-13 
07*37 
38  -86 

49-51 
55-93 

42  "21 


51 
180 

183 

185 

297 

311 
580 

822 

I  091 

I  134 

T  323 

1  703 

2  018 
2  309 
2  589 
2  771 
2  913 

3  052 
3  201 
3  210 
3  265 
3  554 


m. 

O'O 

411  '2 
107  -6 
812-7 
163  -I 
220-4 
216  -2 
691  -I 
338-8 
214-8 
864-8 

242-5 
075-4 
373*2 
696-6 

871-4 
5987 
732  "7 
392  -4 
862-5 

7817 
8oi  'o 
233-0 
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TABLE  A-— Completed. 

observed  difference     o^ .„  ^e         r^  j- 

of  intiOTtiiHi*  \A         Seconds  of         Corresponding 

No.  Name  of  astronomic  station,  fJS?T?4Tti?ini  AA  from  interval  in  metres 

eastern  stoUon.     triangulation.  on  parallel  of  39^. 

24  Austin                                                   _  42  08  41  -56  23  76  3  650  524  '3 

25  Virginia  City 44  42  56  -40  61-49  3  873  778  "9 

26  Carson  City,  observatory  44  49  58  -92  60  -56  3  883  863  '2 

27  Genoa  44  54  36  -66  57  '89  3  891  018  -i 

28  Lake  Tahoe  Southeast  45  00  60  -22  52  -57  3  899  552  "8 

29  Verdi  45  03  07  22  09  '65  3  902  851  -5 

30  Sacramento 46  33  50  '12  42-01  4  033  573  -2 

31  Marysville  46  39  32-11  21*85  4  041  750*9 

32  Mount  Hamilton,  Lick  Observatory  46  42  57  -74  42  -39  4  046  576  '6 

33  San  Francisco,  Washington  Square  47  28  50*94  43 '08  4  113  008*5 

34  San  Francisco,  Lafayette  Park  47  29  57*24  48*79  4  114  589*7 

35  San  Francisco,  New  Presidio 47  31  26  *52  16-80  4  116  707  -5 

36  ITkiah  48  16  47  '83  39  -57  4  182  226  -9 

37  I     Point  Arena  48  45  60  *58  35  -93  4  224  009  *8 

The  above  Table  A  contains  all  that  is  needed  of  the  results  from  the  measure- 
ment of  the  arc  in  order  that  it  may  be  available  for  combination  with  any  other  arc  or 
arcs,  either  for  the  purpose  of  determining  a  local  osculating  spheroid,  or  a  general  one 
for  the  whole  globe.  It  nevertheless  appears  desirable,  for  reasons  already  given,  not 
to  make  such  use  of  the  arc  measures  in  their  entirety  without  some  modification. 
Notwithstanding  the  large  number  of  subdivisions  of  the  arc,  it  is  plain  that  certain 
stations  affected  with  large  /oca/  deflections  in  longitude  could  only  be  productive  of 
injurious  effects,  and  the  same  is  to  be  said  of  stations  closely  crowded  into  a  region 
having  the  same  general  deflection  of  the  geoid. 

In  the  following  Table  B  these  modifications  have  been  made.  The  five  stations, 
Colorado  Springs  (  A^  about  24"),  Salt  Lake  City  (  aA.  about  21"),  Ogden  Observator>' 
(aA.  about  18"),  Genoa  (aA  about  24"),  and  Point  Arena  (aA.  about  22"),  are 
omitted  and  the  three  Washington  stations  are  consolidated,  as  are  also  the  three  San 
Francisco  stations,  and  their  respective  group  means  are  placed  in  the  new  table: 
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RESUI^TS  OF  THE    MEASUREMENT  OF  AN   ARC  OF    PARALLEL  ACROSS    THE 

STATES  IN  LATITUDE   39°. 

TABLE  B. 


UNITED 


Na 


Name  of  astronomic  station. 


I 

Cape  May 

2 

Dover 

3.4,5 

Washington,  District  of  Columbia  (III) 

6 

Strasburg 

7 

Charlottesville,  observatory 

8 

Charleston 

9 

Cincinnati,  observatory 

10 

Vincennes 

II 

Parkersburg 

12 

St.  Louis,  University  observatory 

13 

Kansas  City 

14 

Ellsworth 

15 

Wallace 

17 

Gunnison,  Colorado 

18 

Grand  Junction 

19 

Green  River 

22 

Oasis 

23 

Eureka 

24 

Austin 

25 

Virginia  City 

26 

Carson,  observatory 

28 

Lake  Tahoe  Southeast 

29 

Verdi 

30 

Sacramento 

31 

Mar>-s\*ille 

32 

Mount  Hamilton,  observatory 

33»  34, 35 

San  Francisco  (III) 

36 

Ukiah 

Obsen-cd  astro- 
nomic difference 
of  longitude 
west  ofinitial 
station. 

o  /    // 
O  00  00*00 

o  35  32  77 

2  06  42  55 

3  25  50  02 
3  35  34  42 
6  42  16  27 

9  29  35  29 

12  35  44  46 

13  06  02  '62 
15  16  33-16 

19  39  35  '3^ 
2^  17  50  68 

26  39  40*28 

31  59  45  00 
33  3S  oS  34 
35  14  07  40 
37  42  09  73 

41  Of  51  88 

42  08  41  -56 
44  42  56  40 

44  49  5*^  92 

45  01  00 '22 

45  03  07  22 

46  33  50 '12 

46  39  32  IT 

46  42  57  74 

47  30  04  90 

48  16  47  -83 


Correspondirt? 
geodetic 
linear  meas- 
ure of  arc 
in  metres. 

/;/. 
O 

51  4" 
1S3  028 

297  220 

311  216 

580  691 

822  339 

I  091  215 

I  134  ^5 
I  323  242 

1  703  075 

2  018  373 
2  309  697 
2  771  599 

2  913  733 

3  «52  392 
3  265  801 

3  554  233 
3  650  524 

3  873  779 
3  S83  S63 

3  899  553 

3  902  852 

,  4  033  573 

4  041  751 
4  046  577 
4  114  769 
4  182  227 


If  we  divide  the  linear  measures  of  the  table  by  their  corresponding  angular  ampli- 
tudes as  expressed  in  degrees  and  fractions  of  a  degree,  we  shall  obtain  the  value  of  i® 
on  the  arc  directly  resulting  from  measurement.  Thus  taking  the  whole  arc  or  an/ 
part  of  it,  we  can  compare  the  resulting  length  for  1°  with  its  value  on  the  Clarke 
spheroid  86  628*6  metres  and  with  its  value  on  the  Bessel  spheroid  86  6i6*o  metres. 
We  select  the  following  results: 

i°  =  86  616 
624 


Whole  arc,  Cape  May  to  Point  Arena  (48*»766  828),  Table  A 
Arc  between  Cape  May  and  Ukiah  (48° '279  953),  Table  B 


Arc  between  Cape  May  and  San  Francisco  (47° '501  361) 

Arc  between  Washington,  D.  C.,and  San  Francisco  (45° '389  541) 


624 
62a 
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Taking  the  first  half  or  eastern  part  of  the  arc,  we  find — 

For  the  part  between  Cape  May  and  Wallace  (26° '661  689) 
And  for  the  western  part,  Wallace  to  Ukiah  (21° -618  264) 


fn. 

86  630 
'     618 


That  is  to  say,  the  average  curvature  (in  parallel  39°)  of  the  surface  of  the  geoid,  for 
about  four-sevenths  of  the  arc,  approaches  closely  that  of  the  Clarke  spheroid,  while 
the  actual  curvature  over  the  western  or  remaining  three-sevenths  part  agrees  better 
with  that  of  the  Besselian  spheroid.  The  arc  appears  to  demand  an  intermediaie  spheroid^ 
of  which,  in  latitude  39°,  1°  equals  nearly  86  624  metres,  and  which,  therefore,  favors 
that  adopted  by  the  Survey  more  than  the  older  one. 

We  have  ytt  to  inquire  into  the  accuracy  of  the  linear  measures  of  the  partial  arcs 
of  Tables  A  and  B.  For  this,  pro\'isions  were  made  in  Parts  I  and  III,  where  the  prob- 
able errors  of  the  several  parts  of  the  triangulation  are  expressed  in  fractional  parts  of 
the  distance  covered.  Thus  we  have  for  the  Eastern  Shore  series  in  a  length  of  128 
kilometres,  the  probable  error  developed  in  that  length  2*1  metres;  similarly  in  12  kilo- 
metres across  the  Kent  Island  base  net,  0*08  metre;  in  the  393  kilometres  of  the 
Allegheny  series,  3*46  metres,  etc.  Adding  these  figures  for  the  whole  arc,  we  get 
26*2  metres,  which  for  4  224  kilometres  equals  lyViririr  part  of  the  length.  We  may 
take  this  fraction  to  apply  to  any  of  the  other  tabular  numbers.  It  is  equivalent  to  a 
probable  error  of  6*2  millimetres  per  kilometre,  or  to  0*38  of  an  inch  per  statute  mile. 
We  may  contrast  this  probable  uncertainty  of  26  metres  in  the  length  of  the  arc  with 
the  difference  of  length  corresponding  to  48° '77  of  longitude  on  this  parallel  of  39°  for 
the  two  spheroids  under  comparison.  It  is  12*61  metres  X  48*77  or  615  metres,  show- 
ing that  the  geodetic  operation  possesses  abundant  accuracy. 

For  the  sake  of  completeness  and  reference,  there  follows  a  list  of  resulting  geo- 
graphic positions  of  the  principal  trigonometric  stations  of  the  triangulations  pertaining 
to  the  measurement  of  the  arc.  Distances  between  the  stations  will  be  found  in  Parts 
I  and  III  and  azimuths  are  given  in  connection  with  the  J>ositions. 

G.  RESULTING  GEOGRAPHIC  POSITIONS  AND  AZIMUTHS  OF  THE 
PRINCIPAL  TRIGONOMETRIC  STATIONS,  INCLUDING  THE  BASE 
NETS,  BASED  ON  CLARKE'S  SPHEROID  OF  1866  AND  THE  STANDARD 
DATA  OF  THE  ARC  ACROSS  THE  UNITED  STATES. 


station. 

Latitude. 

Longitude. 

Azimuth. 

Back  azimuth. 

To  station. 

New  Jersey. 

0    '       '/ 

0    '      /' 

*    0    '      " 

0       /            H 

Cape  May  Light-House 

38  55  56  625 

74  57  39  "144 

103  27  41  -58 

283  13  50  "O I 

Stone. 

150  50  37  '66 

330  43  57  -78 

Egg  Island  L.  H. 

EgK  Island  Light-House 

39  10  41 '645 

75  08  13  '798 

39  59  56  23 

219  52  42  63 

stone. 

90  22  3673 

270  12  36-92 

Mahon. 

Delaware. 

Cape  Heiilopen  Light-House 

38  46  39*4iS 

75  05  03  -518 

139  31  50"  10 

319  22  38  90 

stone. 

2"  54  33  74 

31  59  12-52 

Cape  May  L,  H. 

Brandywine    Shoal    Light- 

38  59  07  674 

75  06  48  -434 

95  TO  12  37 

275  02  05  -95 

stone. 

House 

174  31  51  '21 

354  30  57 '39 

Egg  Island  L.  H 

Stone 

39  00  01  '544 

75  19  41 "477 

123  54  04-81 

303  41  04  -88 

Hartley. 

162  26  33-56 

342  23  48  -50 

Mahon. 

Mahon 

39  10  45  '431 

75  24  03-247 

49  23  3^  '46 

229  13  00*98 

Kent. 

90  10  54  -98 

270  00  38  '93 

Hartley. 

> .  - 
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G.  RESULTING  GEOGRAPHIC  IW^ITIONS,  KIW  -ConiituuHl 


SUtion. 

Latitude, 

Longitude, 

Atimuth. 

lUv^k  rtvunutc. 

IVMntKM* 

Dela  acrv^-Continned. 

o    •       ♦• 

<»    1 

0    » 

»• 

0 

' 

• 

Hartley 

^;tg  10  4<»"?oS 

75  40  iS  400 

I  .vj  .>JM7 

iSt 

3^ 

M  52 

Kent 

75  oj 

13^2 

2M 

.V 

X^    '>4 

lUnvlM. 

Kent 

.V^59  55'»74 

75  AO  A.\  '245 

UM  31 

54  ^V4 

^M 

A> 

M  N 

Uo|H\ 

ti'^  ^^» 

50  ^^ 

3»- 

.V 

1^J   14 

l)nivl<«\. 

Maryland. 

Barclay 

A**  o<^  51  '9»6 

75  51  03  "<*« 

4^  57 

.V24 

^X» 

5  J 

43  *^ 

Uo|H» 

13^  5-^ 

X»  ,>8 

3'>^ 

5» 

\^"21 

StUt  l\>ud. 

Hope 

39  oa  3»*»^3 

75  59  18  tvSS 

97  ^^2 

''''"M 

2,*<^ 

43 

iS  oi 

l.tnMM 

KVS  W 

>3  ^M 

3»5 

u 

3  J  »M 

ClouHh. 

Turkey  Point 

39  j6  56'i«i6 

76  00  35  'A<^ 

50  ig  4J  *i7 

J3^» 

\\\ 

»>*  >»i 

ISmU  •  tHlrtUd. 

94  2) 

30  fx> 

274 

w 

i»j  »>; 

t>*Uuur*  H«tU, 

Still  Pond 

39  18  5 J  636 

Tti  oa  3g  5^5 

.VV>  V. 

.^^  .vi 

i;o 

^8 

•V^  74 

IIOIMT. 

45  \S 

-M  *f»5 

2^5 

07 

•i;  2S 

vMouMh. 

Clough 

39  12  04  350 

76  II  27"9«3 

^4  ix^ 

M'^i 

243  49 

oi  43 

I.liutid. 

t2S  34 

j<»  rf» 

.^»N 

H 

45  ■♦'''i 

Hnliiv. 

Pooles  Island 

39  17  05  •681 

76  15  49  tJM 

41   n 

if»rv4 

Jii 

18 

5>  52 

l.lMlili«(. 

iJi  n 

\^7y 

30 « 

Itj 

tH»    \S 

IMiihix. 

Swan  Point 

39  08  28  -277 

76  16  49'i/k> 

»5  47 

58  81 

i'i> 

15 

|lt    .»!> 

Krul  Nlintd  N.  llivtr, 

7»  5ft 

57  ••17 

AM 

4«J 

Ill   p 

I.iiiMld 

Osbornes  Ruin 

39  27  52  796 

76  16  53  •430 

355  3« 

26  "43 

«75 

3'> 

«*»  711 

iNMtlrit  iMlnml. 

73  "7  42  15 

J.^J 

.•»^ 

i>  WJ 

I'tllllU. 

Kent  Island  North  Base 

38  58  24  -429 

76  20  27  924 

M  41 

(n)  't»8 

241 

3»' 

5-'  'M 

MiniioU. 

».*5  37 

5*)  'jg 

3«5 

Si 

.S«  ".M 

I,iii«ll(|. 

Kent  Island  South  Base 

38  53  51 7fi7 

76  21  5«7«9 

8i  53 

4"  '5 

y»J 

44 

^)  ''4 

Muiliott. 

141  47 

j(S'4i 

3'H 

43  41  •^7 

Tu  villi. 

Taylor 

38  59  46  343 

76  27  56'4«3 

42  39 

34  28 

2JJ 

34 

•»7  '>7 

Mnitiiitl. 

170  19  43  "7 

.vv» 

18 

.^7  ^^ 

l.liiMtld. 

Unstid 

39  05  19 '591 

76  2^;  09  376 

24   16 

»M  75 

-»««4 

II 

>3  '^7 

Miitllnll. 

9"  M  47  '5H 

270 

27 

37  '/' 

WrI.h. 

Finlay 

39  24  25  -852 

76  31  29080 

354  34 

jf^JH) 

«74 

.W 

54  ''»* 

MilMitl. 

« 

20  18 

"3  '46 

2<K) 

12 

2070 

Wrhh. 

Marriott 

38  52  25-4»7 

76  36  35  724 

9^'  37 

3S  'H 

27r. 

27 

2.r^i 

mil. 

16646 

12   .16 

34'» 

43  44  "4  i 

Wriiti. 

Webb 

3905  24-413 

76  40  3*^  733 

39  54 

y»*5i 

219  ^f> 

51    M 

Illtl. 

97  »» 

49 '52 

27; 

ri 

i>y  40 

Hiiitilrr. 

Hill 

38  53  52767 

76  52  50  '328 

94  3H 

'^>'J) 

274 

2> 

17  «^i 

i'ltuh  (itUVP, 

l.V>  \5 

24  "v; 

3V; 

M 

27  .\U 

Hhitdrt. 

Soper 

39  05  09  703 

76  57  01  -286 

268  49 

|8'I4 

8H 

V/  4^  7" 

Wi'tili, 

343  5" 

»i'.}^ 

>63 

■4^  "7  -*> 

IIUI. 

Stabler 

39  07  15  569 

7f)  59  "7  ■o,v> 

43  3» 

.V>  Mf 

US 

22 

l^» '  1 7 

I'l'Mi  If  Oiovr. 

114  Of 

10 '^J 

""M  4S  4«    \7 

HilKitt  1^'iif 

Sugar  I<oaf 

39  15  42-412 

77  23  37  423 

32  29 

12  iH 

212 

'7 

v;  'O 

Ifiill  Mini. 

J 07  .v> 

ftifi^ 

/87 

17  A\  Vi 

MMtylMiid  fMKlitd. 

Maryland  Heights 

39  20  25  -561 

77  43  00*445 

35'<  4* 

i'>'M 

17H  4t  4"  ^8 

Iltilt  Mum 

34  '"> 

V'V 

2M  42 

u'v; 

MoiiMl  Murvliiill. 

Virginia, 

Peach  Grove 

38  55  10 -601 

77  »3  47  -327 

84  tl 

21  '»'^» 

>^'i 

'.1 

V  '^"t 

fliill  Miiti. 

IV/  M  44 '78 

'.V; 

/8 

|>  <»'; 

HtiKnr  f/'iif 

Bnll  Run 

38  52  51  '4^0 

7742  13  145 

22  y> 

41  85 

2^*/ 

l'> 

/»•-  Hi 

(  link 

75  "2 

'^   '^ 

V',4 

4'. 

•,  1   /'» 

M'/iiMt  MnrAhnll, 

CUik 

38  18  v»'775 

78  '/>    l/'''25 

^/^  10, 

lO  78 

2/|-» 

•/' 

'/',   OS 

MiiiMptMi'  k. 

117    2*' 

-,'  '8.y 

■i'U 

|/^ 

/*'  '// 

l''/fV 

Moaal  MarBhall 

\H  ^,  V  'f*^ 

78  12  10 '813 

341  17 

18  vi 

xf,\ 

24 

4%  '/^ 

(  lurk 

yyy. 

44  1" 

jt0t 

j8 

i'.  18 

I'ork 

Fork 

Y'  ar-,  42 '''■*! 

T-'  24  S7  '//} 

,♦,  './ 

II ''/4 

/«•. 

V4 

«-.  /« 

\Uim\f\>ni)i 

'/.  yi 

4i  47 

'4* 

'.J 

H  i'f 

V.mtAi  %unh. 
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station. 
Virginia — Continued . 
Spear 

Humpback 

Slate  Springs 

Tobacco  Row 

Elliott  Knob 

Paddys  Knob 

Bald  Knob 

IVest  Virginia. 
Briery 

Beech 

Keeney 

Summersville 

Ivy 

Holmes 

Table  Rock 

Ryan 

St.  Albans  East  Base 

Coal 

St.  Albans  West  Base 

Simms 

Rogers 

Big  Rocks 

Piney 

Pigeon 

Gebhardt 

Davi.s 


Ohio. 


Wray 

Fradd 


latitude. 

37  33  40751 
I  37  56  53  769 
3i>  30  33  "579 
37.  33  53  '594 
.^*>  09  57 '225 
3'>  15  54  637 

37  55  30  "4^9 

38  08  37  -505 
3S  06  42-484 

37  46  22  -764 

38  1653-283 

37  47  13 '619 

38  25  38  777 
38  II  16-471 
3S  23  43  096 
38  22  40  516 

38  31  24  "521 
38  23  19-414 

38  27  09-349 

38  22  50-460 

38  20  49  095 

3«^  26  37  "533 

38  13  41  -992 

38  31  43  "604 

38  21  04-179 


3S  35  40-196 


Longitude. 

o       /         '< 

78  45  47  192 

78  53  57  777 

79  II  04-196 
79  11  26704 
79  18  51  -841 
79  47  46  -831 

79  5J  05  -270 

So  20  40-947 

80  36  19-434 
80  42  19-663 

80  52  08  -216 

81  29  28*843 
8'  35  34*950 
81  36  53  7'=>5 
81  47  38  010 
81  47  42-671 
Si  49  31 -017 
81  50  I4"2SS 
Si  50  27-055 
81  50  37 '122 

81  55  29-803 

82  03  29  424 
82  04  00-448 
82  15  11-468 
82  21   12-733 


82  27  39  -318 


Aziir.uth. 


90  43  50  62 
164  23  09  04 

S8  32  0S02 

123  40  43  29 

16  37  49  95 
63  18  24  00 

'24  40  32 "20 
211   01    07-74 

60  37  08  94 

104  46  54  -96 

7  »9  03  04 

74  29  42  55 

77  36  0019 

119  24  57  24 


Back  azimuth. 


37  43 
81  15 

65  26 
129  17 

91  32 

193  08 

45  04 

81  11 

134  16 

166  19 

284  oS 

4  07 

9636 

126  21 

69  32 
147  12 

94  09 
1S3  21 
"5  27 
172  43 
259  05 

2'^S  02 

32  05 
87  06 

181  45 
328  47 

43  20 
132  45 

68  22 
119  04 
118  36 
181  48 

23  59 
112  00 

92  51 
160  53 


21-86 
41  -10 

18-75 
II  -11 

16-91 

02  49 
22*46 
48-00 
29-96 
18-29 

03  "64 
38-28 
28-38 
53  58 

3174 
041S 

23-88 

17  97 

07-58 
02*29 

!8*S3 
20  58 
46  1 1 
27  04 
05  81 
41  31 
41-45 
03*10 
17-96 
32-69 
42-27 

07  59 
26*24 

34  96 
00*64 

59  '.so 


270  28 
344  20 
267  57 

303  25 
196  32 

242  55 

304  16 
31  II 

240  17 
284  29 
187  17 
254  09 
257  04 
299  06 

217  30 
261  06 

244  53 

309  07 

271  03 

13  " 
224  41 

260  44 

313  55 
346  14 
104  35 
1S4  06 
276  19 
306  05 

249  30 
327  10 
274  07 
3  21 
295  18 
352  42 
79  06 
108  03 
212  02 
266  58 

I  45 
148  48 

223  15 
312  40 
248  II 

298  57 
298  26 

I  48 

203  55 
291  52 

272  40 

340  49 


12 '08 
08 -66 
00-80 

22-28 

59'i»7 
36-21 
16-15 

50  01 

17  38 
01-65 
0O-6X 
21  -61 

33  77 
43 -18 

03  03 
01-66 

37  "34 
24  42 
^365 
4398 
21  -91 

05  93 
M'32 

44  "43 
01  "20 

49-41 
42-25 
24  -28 

40-51 
19-12* 

35 '57 
20 -86 
26-80 

27-48 
55-88 

51  72 

38  06 
20-56 
12-07 
22 '34 

25 '05 
05-21 

17 '52 

15  79 
02-62 
26-83 
41-64 
48-78 
02-50 

58-99 


38  35  44  -880     82  33  06  -440 


32  25  48-02 

91  04  25  10 

44  56  56-41 

loi  2>-   -8 -26 


212  18  48-66 
271  01  01  -04 
224  47  26-47 
2bX  21  57-46 


To  station. 

Tobacco  Row. 
Humpback. 
Bald  Knob. 
Elliott  Knob. 
Elliott  Knob. 
Paddys  Knob. 
Bald  Knob. 
Humpback. 
Bald  Knob. 
Paddys  Knob. 
Bald  Knob. 
Briery. 
Keeney. 
Brierj*. 

Keeney. 

Beech. 

Ivy. 

Summersville. 

Ivy. 

Beech. 

Ivy. 

Table  Rock. 

Pigeon. 

Table  Rock. 

Summersville. 

Table  Rock. 

Pigeon. 

Piney. 

Rogers. 

Simms. 

Rogers. 

Ryan. 

Piney. 

Simms. 

Ryan. 

St.  Albans  East  Base. 

Big  Rocks. 

Piney. 

Simms. 

Coal. 

Pigeon, 

Piney. 

Davis. 

Gebhardt. 

Davis. 

Piney. 

Davis. 

Wray. 

Oakland. 

Wray. 

Oakland. 
Fradd. 
Buena  Vista. 
i  Gould. 
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Station. 
Ohio— Continued. 


Gould 
Scioto . 
Twin  Creek 
Peach  Mount 
Cave  Hill 
Ash  Ridge 
Tate 


K&ntucky. 


Oakland 
Buena  Vista 
Howland 
Cave 

Round  Top 
Cherry  Ridge 
Minerva 
F  laugher 
Stevens 
Dry  Ridge 
Tanner 


Indiana. 


Stow 


Reizin 

Culbertson 

Correct 

Glasgow 

Holton  South  Base 

Holton  North  Base 

Mud  I«ick 

Green 


Latitude. 

Longitude. 

Azimuth. 

Back  azimuth. 

To  station. 

0    /       /> 

0     /         n 

0    /       ft 

0 

/        // 

38  38  25 '541 

824957-127 

355  09  37  02 

lis 

10  36-22 

Buena  Vista. 

84  49  "'27 

264 

43  19-33 

Howland. 

38  45  45'6Si 

83  03  04  -012 

71  27  25-25 

251 

18  45  -90 

Twin  Creek. 

118  36  27*77 

29S 

24  45  -66 

Peach  Mount. 

38  43  06  676 

83    16  54  -067 

75  14  43  -86 

255  07  JO '66 

Cherry  Ridge. 

^6i  57  03  98 

341 

54  02  43 

Peach  Mount. 

38  53  41  494 

83  21  43  '^5:8 

22  00  00*14 

201 

55  27-46 

Cherry  Ridge. 

76  05  09*49 

255 

56  16-41 

Cave  Hill. 

38  50  56*076 

83  35  53  -230 

6047  45  50 

240 

35  42  87 

Minerva. 

119  54  00*03 

299  4S  02 -70 

Ash  Ridge. 

38  55  11-406 

83  45  22  -458 

31  00  54  00 

2:0 

54  47  60 

Minerva. 

94  04  00*33 

273  49  46-10 

Tate. 

3856  24  694 

84  08  01  -887 

20  38  06*97 

200 

34  19-03 

Flaugher. 

86  49  21  -70 

266 

35  0430 

Stevens. 

38  21  44  421 

82  38  53  -293 

10445  3895 

2S4 

39  45  *82 

Buena  Vista. 

197  56  39 -23 

18 

00  15  05 

Fradd. 

38  23  41  984 

82  48  22  -071 

125  23  32-55 

305 

>3  .34  "oS 

Cave. 

148  30  35  92 

328 

23  45  '74 

Howland. 

38  37  45 '076 

82  59  20'8lO 

83  31  38-19 

?63 

23  20-52 

Round  Top. 

160  01  09  73 

339 

58  50*19 

Scioto. 

38  32  37  -696 

83  04  24-094 

121  19  19-31 

301 

14  II  -21 

Round  Top. 

217  43  48-32 

37 

46  57*48 

Howland. 

3^  3633-336 

83  12  38  185 

148  58  35  58 

32s 

55  55  75 

Twin  Creek. 

219  07  23  80 

39 

13  ?2-69 

Scioto. 

38  39  36-307 

83  28  59-206 

98  08   2S -85 

277 

52  o'>-92 

Minerva. 

154  32  15  '59 

.vM 

27  :i^'*42 

Cave  Hill. 

38  42  29  -137 

83  55  07  -021 

95  10  44  01 

274 

5.S  51  96 

Flaugher. 

144  06  27-12 

323 

58  21  33 

Tate. 

38  43  48  -420 

84  14  05  -385 

79  02  20  -46 

258 

49  28-21 

Dry  Ridge. 

131  40  30-84 

3" 

30  03  -39 

StCA-cns. 

38  55  23  lio 

84  30  46  320 

11  43  28-12 

191 

41  01  -45 

Dry  Ridge. 

1 

125  27  13-87 

305 

21   59*23 

Tanner. 

38  40  39-104 

84  34  40  393 

118  01  02-71    • 

297  45  16-74 

Stow. 

169  51  37  69 

349  48  50-68 

Tanner. 

39  00  01  -058 

84  39  06-701 

6x  14  23-14 

241 

01    21  -18 

Stow. 

97  15  15  "73 

276 

56  48 '99 

Reizin. 

38  51  05-066 

84  59  51  239 

82  43  20-96 

262 

35  5908 

Culbertson. 

»50  29  33  03 

330  24  10-43 

Reizin. 

39  02  51  -861 

85  08  24  -409 

1053  4371 

190  51  43  42 

Culbertson. 

73  48  24  -32 

253  42  59  '55 

Correct. 

38  49  54  -097 

85  11  35/94 

96  08  34  -07 

276 

01  32-53 

Mud  Lick. 

159  02  41  82 

338  59  15^  05 

Correct. 

39  00  54-704 

85  17  00-121 

54  56  42  53 

234  45  34  *94 

Stout. 

117  00  12  82 

296 

51  54*82 

Green. 

39  06  16-575 

85  17  49  909 

294  5»  39*47 

"4  57  35*93 

Reizin. 

355  07  07  -87 

173  07  39-24 

Correct. 

39  01  48  -934 

85  22  03-521 

175  5348*57 

355  53  38  -25 

Holton  North  Base 

282  52  43  -40 

102 

55  54-53 

Correct. 

39  04  46  -850 

85  22  19-895 

246  52  52  33 

66 

55  42*58 

Glasgow. 

312  55  26-20 

132  58  47 -65 

Correct. 

38  5050-134 

85  22  47  -962 

92  09  03  -91 

272 

01  35-73 

Stout. 

204  10  09-97 

24 

»3  48  '55 

Correct. 

39  06  07*790 

85  30  10  445 

13  20  11-06 

193 

17  19*97 

Stout. 

46  50  25.48 

226 

45  05  -80 

Tripp. 
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station. 
Virginia — Continued. 
Spear 

Humpback 

Slate  Springs 

Tobacco  Row 

Elliott  Knob 

Paddys  Knob 

Bald  Knob 

IVest  Virginia. 
Briery 

Beech 

Keency 

Summersville 

Ivy 

Holmes 

Table  Rock 

Ryan 

St.  Alban.s  East  Base 

Coal 

St.  Albans  West  Base 

Simms 

Rogers 

Big  Rocks 

Piney 

Pigeon 

Oebhardt 

Davis 


Ohio. 


Wray 

Fradd 


Latitude. 

o     «        " 
37  33  40751 

37  56  53  "769 

3'^  30  33  "579 

37.  33  53  '594 

3?^  09  57*325 

3*^  15  54  637 

37  55  30  'A^ 

38  &S  37  '505 
38  06  42  '4^4 

37  46  23  -764 

38  16  53-283 

37  47  13  "619 
3S  35  38  777 

38  II  16-471 
38  23  43  096 
38  22  40-516 
38  21  24-521 
38  23  19 '414 
38  27  09-349 
38  22  50  460 
38  20  49  095 
3-^  26  37  '533 
38  13  41  -992 

3^  31  43 '^^^4 
38  21  04-179 

3S  35  40-196 
38  35  44  -880 


Longitude. 

o      /         " 

78  45  47"»92 

7fi  53  57  777 

79  II  04-196 
79  II  26-704 
79  iS  51 -S41 
79  47  46  831 

79  51  05-270 

80  20  40-947 
80  36  19-434 
80  42  19-663 

80  52  oS-216 

81  29  28-843 
8»  35  34*950 
Si  36  53  785 
81  47  38  010 
81  47  42  -671 
Si  49  31  -017 

81  50  14  •2*^S 

Si  50  27-055 

81  50  37  "122 

81  55  29-S03 

82  03  29  424 
82  04  00  -448 
82  15  II-46S 
82  21  12-733 

82  27  39-318 

82  33  06  -440 


A2;n;uth. 


90  43  50  62 
164  25  09  04 

88  32  08 -02 

123  40  43  29 
16  37  49  95 
63  18  24  00 

124  40  32 '20 
211  01  07-74 

60  37  08  -94 

104  46  54  96 

7  19  03  04 

74  29  42 '55 
77  36  oo- 19 

119  24  57*24 

37  43  2!  86 

81  15  41  -ID 

65  26  18-75 

129  17  II '11 

91  32  16-91 
193  08  02  -49 

45  04  22  -46 

81  II  48  00 

134  16  29-96 

166  19  18-29 

384  oS  03*64 

4  07  38 '2^ 

96  36  28  38 

126  21  53-58 

69  32  3» '74 
147  12  04  18 

94  09  23-88 
183  21  17-97 

"5  27  07-58 
172  43  02  29 
259  05  !8  83 
2SS  02  20  58 
32  05  46  ti 
87  06  27  04 
181  45  05  Si 
328  47  41-31 

43  20  41-45 
132  45  03  10 

68  22  17-96 
119  04  32-69 
118  36  42-27 
181  48  07  59 

23  59  26  24 
112  00  34-96 

92  51  00  64 
160  53  59  -50 

32  25  48  02 
91  04  25  10 

44  56  56-41 
101  3r  ::S-26 


Back  azimuth. 


270  28 
344  20 
267  57 

303  25 
196  32 

242  55 

304  16 

3»  " 
240  17 
284  29 
187  17 
254  09 
257  04 
29906 

217  30 
261  06 

244  53 

309  07 

271  03 

13  " 
224  41 

260  44 

313  55 
346  14 
104  35 
184  06 
276  19 
306  05 
249  30 
327  10 
274  07 
3  21 
295  18 
352  42 
79  06 
108  03 
212  02 
266  58 

I  45 
148  4S 

223  15 
312  40 
248  II 

298  57 
398  26 

I  48 

203  55 
291  52 

272  40 

340  49 


12  08 
08-66 
00 -80 
22  28 

59*87 
36-21 
16-15 
50  01 

17*38 
01  65 
00 '61 
21  -61 

33*77 
43 -18 

03*03 
01-66 

37  34 
24-42 

23*65 
43*98 
21  -91 

05  "93 
14*32 

44*43 

01  -20 

49*41 
42  25 
24-28 

40-51 
19-12* 

35*57 
20 -86 

26  80 
27-48 
55  *88 
54*72 
38*06 
20  56 
12  07 
22-34 

25  "05 
05-21 

17*52 

15*79 

02  62 

26  83 
41-64 
48-78 
02  -50 
58*99 


212  iS  48-66 
271  01  01  04 
224  47  26-47 
i&l   21  57-46 


To  station. 


Tobacco  Row. 
Humpback. 
Bald  Knob. 
Elliott  Knob. 
Elliott  Knob. 
Paddys  Knob. 
Bald  Knob. 
Humpback. 
Bald  Knob. 
Paddys  Knob. 
Bald  Knob. 
Briery. 
Keeney. 
Brierj'. 

Keeney. 
Beech. 
Ivy. 

Summersville. 
Ivy. 
Beech. 
Ivy. 

Table  Rock. 
Pigeon. 
Table  Rock. 
Summersville. 
Table  Rock. 
Pigeon. 
Piney. 
Rogers. 
Simms. 
Rogers. 
Ryan. 
Piney. 
Simms. 
Ryan. 

St.  Albans  East 
Big  Rocks. 
Piney. 
Simms. 
Coal. 
Pigeon. 
Piney. 
'  Davis. 
Gebhardt. 
Davis. 
Piney. 
Davis. 
Wray. 
Oakland. 
Wray. 

Oakland. 
Fradd. 
Buena  Vista. 
I  Gould. 
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Station. 

Latitude. 

I^ongitude. 

Azimuth. 

Back  azimuth. 

To  station. 

Oh  rV>— Con  tinuecl . 

0     1         n 

0    /       // 

0    /       tt 

0     /       // 

Gould 

38  38  25-541 

82  49  57 -127 

355  09  37  -02 

I7.S    10  36  '22 

Buena  Vista. 

84  49  "-27 

264  43  19-33 

Howland. 

Scioto 

38  4545-681 

83  03  04  01 2 

71  27  25-25 

251  J8  45*90 

Twin  Creek. 

118  36  27-77 

29S  24  45*66 

Peach  Mount. 

Twin  Creek 

38  42  06  676 

83  16  54  -067 

75  14  43  -86 

255  07  10 -66 

Cherr>'  Ridge. 

161  57  03  98 

341  54  02  43 

Peach  Mount. 

Peach  Mount 

38  53  41  494 

83  21  43  -8:8 

22  00  oo'i4 

201  55  27-46 

Cherry  Ridge. 

76  05  09  49 

255  56  16-41 

Cave  Hill. 

Cave  Hill 

38  50  56  076 

83  35  53  -230 

60  47  45  -50 

240  35  42  87 

Minerva. 

119  54  00-03 

299  43  02  -70 

Ash  Ridge. 

Ash  Ridge 

38  55  11-406 

8345  22-458 

31  00  54-00 

2x0  54  47  -60 

Minerva. 

94  04  00-33 

273  49  46-10 

Tate. 

Tate 

38  56  24  694 

84  08  01  -887 

20  38  06  97 

200  34  19-03 

Flaugher. 

86  49  21 -70 

266  35  04  30 

Stevens. 

Kentucky. 

Oakland 

38  21  44-421 

82  3853-293 

104  45  38  '95 

284  39  45  -82 

Buena  Vista. 

197  56  39  -23 

18  00  15  -05 

Fradd. 

Buena  Vista 

38  23  41 -984 

82  48  22  '07 1 

125  23  32 '55 

305  13  34  -08 

Cave. 

M8  30  35  '92 

328  23  45  -74 

Howland. 

Howland 

38  37  45  '076 

82  59  20'8lO 

83  31  38  19 

263  23  20-52 

Round  Top. 

160  01  09 -73 

339  S'i  50-19 

Scioto. 

Cave 

38  32  37  -696 

83  04  24  -094 

121  19  19-31 

301    14  11  -21 

Round  Top. 

217  43  48-32 

37  46  57  -48 

Howland. 

Round  Top 

38  36  33-336 

83  12  38-185 

148  58  35  58 

32^  55  55  75 

Twin  Creek. 

219  07  23  So 

39  13  22*69 

Scioto. 

Cherry  Ridge 

38  3936-307 

83  28  59-206 

98  08  28 -85 

277  ^2  oT.  -92 

Minerva. 

154  32  15  59 

334  27  :'^>-42 

Cave  Hill. 

Minerva 

38  42  29  -137 

83  55  07  "021 

95  10  44  -01 

274  5^  51  '96 

Flaugher. 

144  06  27-12 

323  58  21  33 

Tate. 

Flaugher 

38  43  48-420 

84  14  05  -385 

79  02  20*46 

258  49  28*21 

Dry  Ridge. 

13*  40  30 '84 

311  30  03  29 

Stevens. 

Stevens 

38  55  23  -310 

84  30  46  320 

11  43  28*12 

• 

191  41  01  -45 

DTy  Ridge. 

i 

125  27  13*87 

305  21  59-23 

Tanner. 

Dry  Ridge 

38  40  39-104 

84  34  40-393 

ii8  01  02-71    ' 

297  45  16  74 

Stow. 

16951  37  69 

349  48  50-68 

Tanner. 

Tanner 

39  00  01  -058 

84  39  06-701 

61  14  23  14 

241  01  21  '18 

Stow. 

97  15  15-73 

276  56  48-99 

Reizin. 

Indiana. 

Stow 

38  51  05  -066 

84  59  51 -239 

82  43  30-96 

262  35  59  -08 

Culbertson. 

150  29  33  03 

330  24  10 '43 

Reizin. 

Reizin 

39  02  51  -861 

85  08  24  -409 

10  53  4371 

190  51  43  42 

Culbertson. 

73  48  24 -32 

253  42  59  "55 

Correct. 

Culbertson 

38  49  54  097 

85  11  35-794 

96  08  34  07 

276  01  32 -53 

Mud  Lick. 

159  03  41  82 

338  59  18  05 

Correct. 

Correct 

39  oo  54704 

85   17  00 -121 

54  56  42  53 

234  45  34  '94 

Stout. 

117  00  12*82 

296  51  54  82 

Green. 

Glasgow 

39  06  16-575 

85    17  49-909 

29451  39-47 

114  57  35-93 

Reizin. 

353  07  07  87 

173  07  39 -24 

Correct. 

Hoi  ton  South  Base 

39  01  48  -934 

85  22  03  -521 

175  53  48  -57 

355  53  38-25 

Holton  North  Base 

282  52  43  40 

102  55  54  53 

Correct. 

Holton  North  Base 

39  04  46  850 

85  22   19-895 

246  52  52 -33 

66  55  42-58 

Glasgow. 

. 

312  55  26-20 

132  58  47-65 

Correct. 

Mud  I«ick 

38  50  50-134 

85  2247-962 

92  09  03 -91 

272  01  35  -73 

Stout. 

• 

204  10  09  97 

24  13  48  -55 

Correct. 

Green 

39  06  07-790 

85  30  10*445 

13  20  11  06 

193  17  19-97 

Stout. 

4650  25.48 

326  45  05  -80 

Tripp. 

858 
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Station. 

Latitude. 

Longitude. 

Azimuth. 

Back  azimuth. 

To  station. 

India  na — Continued. 

O      t           II 

0           // 

0    /        // 

0     '      " 

V 

Stout 

38  51  10-513 

85  34  42  -438 

88  32  28 -85 

268  15  15-94 

Miller. 

160  44  13  -41 

340  41  45  48 

Tripp. 

Tripp 

38  5956-169 

85  38  37-870 

63  07  37  12 

242  52  50  -48 

Miller. 

1 10  43  10  05 

290  21  29*32 

Weed  Patch. 

Miller 

38  50  34  '494 

86  02  09-152 

120  23  18-79 

300  15  03  76 

Fountain. 

156  27  14  -97 

336  20  24  67 

Weed  Patch. 

Weed  Patch 

39  09  58-660 

86  13  01  -060 

7  33  22-01 

187  31  55  -99 

Fountain. 

79  04  15  71 

25849  34-37 

Leonard. 

Fountain 

38  56  34-850 

86  15  17-585 

95  04  02  -79 

274  50  34  -42 

Beard. 

121  08  57  84 

300  55  44  58 

Leonard. 

Rariden 

38  45  25  -830 

86  30  48  -203 

159  5»  51*15 

339  48  08-31 

Beard. 

227  19  36  -26 

47  29  20  02 

Fountain. 

t,eoiiard 

3906  26-258 

86  36  17-402 

2  17  59 '90 

182  17  43  56 

Beard. 

79  51  20-76 

259  43  24-18 

Calvary. 

Beard 

38  58  01  -896 

86  36  43*349 

6t  48  27-96 

241  38  29 '53 

Osbom. 

125  02  16-26 

304  54  3673 

Calvary. 

Calvary 

39  04  40-170 

86  48  53 •X87 

73  43  23 -27 

253  25  34  70 

Si.sson. 

98  12  02-67 

277  57  38  99 

Wright 

Osboru 

38  51  21  -495 

86  52  36  -075 

109  39  04 -33 

289  23  38  -32 

Sisson. 

192  16  18  34 

12  18  38-51 

Calvary. 

Wright 

39  07  11  -686 

87  11  42-672 

25  16  34  04 

205  13  07  -66 

SisAon. 

76  30  54  75 

256  16  55 '84 

Merom  College. 

Sisson 

38  58  09  -893 

87  17  10-296 

17  40  34-21 

197  37  22  87 

Summit. 

1 10  28  39  -33 

290  iS  08 -oo 

Merom  College. 

Summit 

384540-588 

87  22  15-227 

89  44  24-17 

269  20  58-11 

Claremont. 

121  38  08-58 

301  25  22*28 

Honey  Creek. 

Merom  College 

39  03  00  -767 

87  33  53  '271 

332  16  03 -36 

152  23  21-76 

Summit. 

Illinois. 

42  03  01 -95 

221  57  32  42 

Honey  Creek. 

Honey  Creek 

3S  55  26-833 

87  42  37 '036 

53  14  32  76 

233  03  50-48 

Claremont. 

120  48  25  -05 

300  36  53  -02 

Hunt  City. 

Belle  Air 

39    ID  34  "220 

87  52  08-901 

I  28  40-91 

181  28  27 '53 

Oblong. 

46  00  48  -72 

225  55  15  64 

Hunt  City. 

Oblong 

38  59  52 '455 

87  52  30  121 

21  18  01  03 

201  13  30  50 

Claremont 

121  45  21  -47 

301  40  02  *39 

Hunt  City. 

Claremont 

38  45  26-615 

87  59  41 •138 

94  40  39  '52 

274  32  29  37 

Denver. 

141  35  28  41 

321  29  06 '20 

Newton. 

Hunt  City 

39  03  56  -647 

88  00  56  -795 

356  56  42  36 

17657  29 -88 

Claremont 

39  17  »7'5o 

219  11  41 -62 

Newton. 

Olney  Hast  Base 

38  51  42-156 

88  01  35-362 

88  32  34-92 

268  29  43  -46 

Olney  West  Base. 

149  33  26  74 

329  32  18-71 

Buffalo  Mound. 

Olney  Check  Base 

38  48  iS  -597 

88  01  57  -885 

135  17  55*12 

315  15  17-89 

Olney  West  Base 

184  56  40-32 

4  56  54  -44 

Olney  East  Base. 

Buffalo  Mound 

38  54  06-250 

88  03  23  -742 

341  27  17-15 

161  29  36-72 

Claremont. 

40  45  26-09 

220  43  42  59 

Olney  West  Base. 

Olney  Middle  Base 

38  51  39  4 I 2 

88  03  52-125 

88  31  12-11 

26S  29  46-46 

Olney  West  Base. 

1S8  35  22-14 

8  35  39-96 

Buffalo  Mound. 

Onley  West  Base 

38  51  36-633 

88  06  08-628 

320  38  04 -66 

140  42  07  *5i 

Claremont 

44  00  31  05 

223  56  23-24 

Denver. 

Newton 

38  55  26  -655 

88  09  50  -566 

13  5»  05  56 

193  49  16-79 

Denver. 

93  35  18  63 

273  25  12-78 

Lucas. 

Onion  Hill 

38  48  55  "594 

88  10  27-562 

292  23  09  -21 

112  29  54-14 

Claremont 

33  47  57  '93 

213  46  32  -46 

Denver. 

Denver 

38  46  16-033 

88  12  43 '981 

94  31  43-23 

274  13  36-74 

Holtzhausen. 

134  03  03  -64 

313  54  47  58 

Lucas. 

Island  Creek 

39  06  oS'Soo 

88  20  06-433 

278  17  20-91 

98  29  25  -71 

Hunt  City. 

323  08  23*00 

143  14  50  69 

Newton, 
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station. 

Latitude. 

Longitude. 

Azimuth. 

Back  azimuth. 

To  station. 

/l/tHot's— Continued. 

0     t       n 

0    '       If 

0     '        // 

0      t       n 

I«ucas 

3856  12775 

88  25  54  -718 

50  20  32-02 

236  10  39  -79 

Holtzhausen. 

116  12  06*14 

295  59  10-95 

Mound. 

Holtzhauset 

38  47  59-966 

88  41  38-452 

63  16  58  05 

243  08  09  73 

Hartlin. 

115  II  n  -32 

294  55  52  26 

Sturgess. 

Mound 

39  04  03  "513 

8846  26-453 

346  50  01  -78 

166  53  02 '77 

Holtzhausen. 

65  05  15-61 

244  52  55  •»7 

Sturgess. 

Hartlin 

38  42  26 -249 

88  55  42-451 

73  42  18 -52 

253  26  51  86 

Bordiug. 

150  52  19-12 

330  45  50  16 

Sturgess. 

Sturgess 

38  56  55-207 

89  06  02 -$20 

29  12  48  33 

209  03  47 -79 

Bording. 

77  32  55  05 

257  21  13-95 

Hoile. 

Bording 

38  36  43 '397 

89  20  25-827 

53  25  05  -77 

233  21  02  96 

Geoffrey. 

111  03  15-54 

290  49  19-14 

Parkinson. 

Hoile 

38  53  41  -157 

89  24  38-758 

348  57  55  -44 

16900  33*77 

Bording. 

54  08  28-34 

233  57  07  -88 

Parkinson. 

Geoffrey 

38  32  56-277 

89  26  55*iS8 

78  31  10-74 

25S  14  08-91 

Turkey  Hill. 

104  19  30  78 

284  07  55  -34 

Berger. 

Parkinson 

38  43  24  -982 

89  42  44  -492 

310  05  36  41 

130  15  29-13 

Geoffrey. 

17  44  51  67 

»97  43  08-02 

Berger. 

Berger 

38  36  38-259 

89  45  30-381 

40  19  59  52 

220  14  31  -ss 

Turkey  Hill. 

82  41  46  99 

262  30  06  -Hi 

Clarks  Mound. 

Turkey  Hill 

38  28  31  -075 

89  54  16-203 

96  29  3'>40 

276  18  37  75 

Dreyer. 

12S  32  54-41 

30S  26  42-^0 

Clarks  Mound. 

Sugar  Loaf  Mound 

3842  03  397 

90  00  27-740 

294  43  '8-80 

"4  52  39 '33 

Berger. 

21  53  5«  -58 

201  51  38-04 

Clarks  Mound. 

American    Bottom    Upper 

38  3948-241 

90  00  57  '434 

2644  35  69 

206  42  33*75 

Clark.s  Mound. 

Base 

73  5»  10-81 

253  41  19-72 

Insane  Asylum. 

American    Bottom   Lower 

38  36  14  063 

90  03  02  785 

89  53  40 -73 

2694508-24 

Insane  Asylum. 

Base 

204  38  53  -62 

24  49  II '88 

American  Bottom  I'i 
per  Base. 

Clarks  Mound 

3834  43-834 

90  04  12-804 

52  25  32  02 

232  20  44  -34 

Dreyer. 

98  34  30-72 

278  26  42  -04 

Insitne  Asylum. 

Dreycr 

38  30  04  -410 

90  II  54  524 

92  12  II  -72 

272  07  28-24 

Klein.schmidt. 

m 

•  148  16  51  -87 

328  13  51 -35 

Insane  Asylum. 

Afissouri. 

Insane  Asylum 

38  36  12-077 

90  1644-179 

20  II  14-00 

200  09  30 '73 

Kleinschmidt. 

126  24  32-26 

306  20  05 -53 

Morgan. 

Minoma 

38  41  55  -729 

90  16  44-814 

30608  50-74 

126  16  40-30 

Clarks  Mound. 

« 

359  55  00  77 

179  55  01  -17 

Insane  Asylum. 

Kleinschmidt 

38  30  17  930 

90  19  29-866 

76  03  52  92 

255  56  05  "65 

Patterson. 

161  09  52  79 

341  07  09-69 

Morgan. 

Morgan 

38  40  18-856 

90  23  51  -364 

27  13  39-25 

207  08  34-15 

Patterson. 

76  33  43  -02 

256  20  24-86 

Tavern  Rock. 

Patterson 

38  27  50  770 

90  32  00-737 

70  10  15-61 

250  02  47  -99 

Lynch. 

129  19  39 -26 

309  11  27-78 

Tavern  Rock. 

Kessler 

38  36  32-115 

90  34  06-101 

244  45  38  -65 

64  52  02  51 

Morgan. 

349  »7  35  "79 

169  1853-89 

Patterson. 

Lynch 

38  24  25836 

90  44  00-810 

102  08  21  -55 

281  56  04  58 

Peters. 

137  27  31  -65 

317  19  38-92 

Dieckhaus. 

Tavern  Rock 

38  36  17-242 

9045  09  645 

555  38  45  -50 

175  39  28  -36 

Lynch. 

83  28  52  52 

263  21  41 *7i 

Dieckhaus. 

Halleck 

38  2805-783 

9055  25-112 

224  28  30*16 

44  34  53  -61 

Tavern  Rock. 

392  10  03*72 

113  17  09*13 

Lynch. 

Dieckhaus 

38  35  14737 

90  56  40  238 

3640  49*77 

216  36  24*35 

Peters. 

92  32  07*60 

272  19  09  '16 

Berger. 

Peters 

382744-685 

91  03  46  -370 

81  28  32*32 

261   30  39*75 

Jacobs. 

137  21  3475 

307   13  02  -83 

Berger. 

86o 
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station. 

Latitude. 

Longitude. 

Azimuth. 

Back*  azimuth. 

To  station. 

Missouri— Continued. 

O       /           ff 

0     '       ft 

0      f       n 

0    /      /' 

Enoch  Knob 

38  34  41 -903 

91  08  10*260 

266  28  16-56 

86  35  26  89 

Dieckhaus. 

333  33  12  08 

153  35  56  43 

Peters. 

Jacobs 

38  26  16*301 

91  16  10*250 

100  10  06-56 

280  03  57 -91 

Winter. 

173  58  54*95 

353  58  06-43 

Berger. 

Berger 

38  35  56-255 

91  17  28-157 

39  »2  03-05 

219  06  42-28 

Winter. 

87  12  40-45 

267  06  03  73 

Gasconade. 

Winter 

38  27  39  "496 

91  26  03  106 

84  33  15*09 

264  27  10-70 

Geyer. 

138  57  63  *28 

318  52  09-94 

Turnpike  Bluff. 

Gnsconadf 

38  35  31  '461 

91  28  04  '104 

348  36  09-08 

168  37  24  45 

Winter. 

89  15  21  -32 

269  11  12*99 

Turnpike  Bluff. 

Turnpike  Bluff 

38  35  27-215 

91    34  42-231 

5  51  34*14 

185  50  52  *53 

Geyer. 

80  49  56  02 

260  42  26*99 

Bradford. 

Geyer 

38  26  55-159 

91  35  49  041 

54  42  25  -43 

234  34  54*15 

Pilot  Knob. 

129  21  33-32 

309  14  46-59 

Bradford. 

Bradford 

38  33  55  -356 

91  46  42  -300 

4  00  13  -52 

18359  27-88 

Pilot  Knob. 

t 

3902  58-71 

218  58  53  *73 

McDaniel. 

Pilot  Knob 

38  ao  09  -382 

91  47  55-696 

93  22  33-78 

273  11  30-82 

Kennedy. 

■ 

150  29  13*01 

330  25  54  -23 

McDanieL 

McDaniel 

38  27  33 '820 

91  53  15-731 

56  08  45  '72 

236  01  00  67 

Kennedy. 

125  04  42-15 

304  55  06  -55 

Cedar. 

Kennedy 

38  20  57-677 

92  05  44-353 

96  00  30  89 

275  48  59*45 

Belshe. 

171  20  43  06 

351  18  53  92 

Cedar. 

Cedar 

38  36  02  -051 

9208  39-767 

42  17  13-19 

222  07  29-01 

Belshe. 

71  26  30*48 

251  i6  02  -27 

Moreau. 

Medlock 

38  38  11-415 

92  20  13-606 

31  53  45  *02 

211  50  29-16 

Moreau. 

86  42  25 -31 

266  34  3271 

Christian. 

Belshe 

38  22  28-524 

92  24  18-445 

«29  45  53*08 

309  39  14  36 

High  Point. 

174  19  51 -18 

354  19  08  23 

Moreau. 

Moreau 

38  31  35*065 

92  25  27  507 

74  13  19-04 

254  07  22  -66 

High  Point 

136  18  29-50 

316  03  53 '20 

Christian. 

Christian 

38  37  36  567 

92  32  50-601 

57  13  43*12 

236  59  22  *4S 

Hughes. 

100  53  00  -42 

280  41  1070 

Hubbard. 

High  Point 

38  29  27 -562 

92  34  59-885 

67  27  02-09 

247  19  56*27 

Hunter. 

191  43  00-40 

II  44  ao-98 

Christian. 

Cole 

38  38  04  -939 

92  43  39*672 

27307  59*20 

93  14  44  -41 

Christian. 

321  41  13-83 

141  4637*85 

High  Point. 

Hunter   (Versailles  South 

38  25  43  380 

92  46  24  -515 

91  29  51  67 

271  23  58-80 

Hughes. 

Base) 

221   48   23-17 

41  56  50,*  15 

Christian. 

Versailles  North  Base 

38  29 -32 -961 

92  48  23  465 

270  25    13-01 

95  33  33*16 

High  Point 

337  49  24-80 

157  5038*78 

Hunter. 

Hubbard 

38  40  26  -316 

92  51  46-934 

55  37  55  *29 

235  25  38*83 

Schnackenbcrg. 

98  47  06  92 

278  34  12-02 

Heard. 

Hughes 

38  25  54  -674 

,     92  55  52  224 

107  49  18  74 

287  39  36  81 

Sch  nackenberg. 

192  26  25  "oo 

12  28  57-87 

Hubbard. 

Schnackenbcrg 

38  29  50-007 

93  "  27*754 

130  42  13  42 

310  33  09-81 

Kendrick. 

176  38  45  *29 

356  38  08  67 

Heard. 

Heard 

38  42  54  '579 

93  12  26-440 

72  51  22  63 

252  42  54  40 

Kendrick. 

* 

102  48  44*02 

282  35  47  '47 

Knob  Noster. 

Kendrick 

38  39  37-133 

93  25  59  *5oi 

52  15  13-02 

232  10  00*46 

High  Point  Tebo. 

141  13  12 -61 

321  08  45  09 

Knob  Noster. 

Knob  Noster 

38  46  33  -644 

93  33  07*197 

4  33  00-19 

1S4  32  14-50 

High  Point  Tebo 

83  15  43  *03 

263  08  43  91 

Normal. 

High  Point  Tebo 

38  34  32  -466 

93  34  20-304 

86  52  18  34 

266  45  25  -43 

Caldwell. 

• 

144  41  23-15 

324  35  10-62 

Normal. 

Normal 

3845  3i'»89 

93  44  16-544 

90  21  04-23 

270  08  35  08 

Baker. 

171  41  35-63 

301  ."9  33-14 

Chapel  Hill. 
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station. 

Latitude. 

Longitade. 

Azimuth. 

Back  azimuth. 

To  station 

^t«o«n— Continued. 

0     /         n 

0    '       '/ 

0      /       /' 

0    /      ft 

Caldwell 

38  34  03  -529 

93  45  22  -550 

128  03  41-97 

307  51  55 '61 

Baker. 

184  17  53  67 

4  18  34  -91 

Normal. 

Chapel  Hill 

38  54  45  '433 

94  03  28  -672 

3  37  28-68 

183  37  00*77 

Baker. 

62  04  25-19 

241  57  19*34 

Thornton. 

Baker 

38  45  35  "231 

94  04  13 '184 

58  35  03  -62 

238  26  05-10 

Fulton. 

118  27  34*79 

29S  20  57  *54 

Thornton. 

Hutton  Mound 

38  32  49  '578 

94  10  50*214 

134  04  18  -05 

313  59  28*46 

Fulton. 

202  05  39*02 

22  09  47  *OI 

Baker. 

Thornton 

385003-565 

94  14  47 -201 

14  39  02  -05 

194  36  39*85 

Fulton. 

"4  39  35*27 

294  34  01  20 

Bowler. 

Fulton 

38  38  41  795 

94  18  34*438 

131  54  12 -20 

311  44  49  50 

Berry. 

164  42  35 -88 

344  39  24  -78 

Bowler. 

Bowler 

38  53  14  -285 

94  23  39  643 

62  31  46-84 

242  25  34-13 

Berry. 

115  20  19*06 

295  09  53  *43 

Marty. 

Berry 

38  49  12*209 

94  33  33-766 

50  43  26-42 

230  38  42 -71 

Haskin. 

Kansas. 

152  46  49-40 

33242  37*35 

t 

Marty. 

Marty 

38  59  21  -002 

9440  15-109 

49  29  05-24 

229  20  40-04 

Thomas. 

10:  38  19-45 

281  25  49-49 

Eckman. 

Haskin 

38  44  21 -827 

94  41  06*741 

121  33  30*22 

301  25  38-73 

Thomas. 

182  33  57  90 

2  34  30  30 

Marty. 

Thomas 

38  50  22707 

94  53  39-368 

62  16  14*18 

242  09  58  -43 

B6b4  Mound. 

157  29  03 -02 

337  24  59  '76 

Eckman. 

Eckman 

39  02  30 -678 

95  00  06  -402 

9  41  05  23 

189  38  51  -73 

B6b6  Mound. 

80  59  12 -83 

260  44  19-15 

Kanwaka. 

B4b6  Mound 

38  46  15  -524 

95  03  3^5  "966 

92  41  28  -42 

272  27  25  90 

Simmons. 

130  17  47 '20 

310  05  09  -56 

Kanwaka. 

Kanwaka 

3S  :,g  32  -552 

95  23  45  945 

8  12  52-01 

18S  11  25*21 

Simmons. 

88  08  59-72 

267  55  12-40 

Elevation. 

Simmons 

3S  47  03  -869 

9^^  ?<".  04  -206 

92  42  09  -84 

272  28  57-15 

Mabon. 

127  56  31  -96 

307  44  13*29 

Elevation. 

Elevation 

38  58  57  '340 

95  45  40  -928 

67  33  Of -84 

247  19  34  *47 

Clark. 

104  18  12-29 

284  06  25  06 

Adams. 

Mabon 

38  47  47712 

95  47  09  '534 

104  55  05 '99 

2S4  42  29-81 

Clark. 

185  53  48  -06 

5  54  43  69 

Elevation. 

Powell 

38  55  27-858 

95  55  41 -587 

245  52  50*60 

65  59  08  -23 

Elevation. 

318  55  44*23 

139  01  05  51 

Mabon. 

Adams 

39  02  39*221 

96  04  24-399 

11  46  12*39 

191  44  24  82 

Clark. 

99  13  16-35 

279  00  33-84 

Zean  Dale. 

Clark 

38  51  57  "1^6 

96  07  15  -501 

90  3043*93 

270  14  01  -62 

Reinhard. 

134  27  50  62 

314  16  57*19 

Zean  Dale. 

Meyer 

38  55  37-SJ^i 

96  18  16-014 

236  56  17  *99 

57  05  01 -18 

Adams. 

293  05  29  -24 

113  12  23  99 

Clark. 

Zean  Dale 

39  05  10-571 

96  24  34  "343 

29  05  00  •S8 

208  59  09  63 

Reinhard. 

"3  52  39*" 

293  41   1171 

Erricssen. 

Reinhard 

38  52  05  -316 

96  33  52  -758 

121  41  48*63 

301  32  59*69 

Robbins. 

160  23  38-07 

340  18  03  92 

Erricssen. 

Humboldt 

39  01  20  '997 

96  3b  05  "685 

249  59  02-22 

70  07  33  41 

Zean  Dale. 

340  24  34-28 

160  27  13  26 

Reinhard. 

Erricssen 

39  "  24  337 

96  42  43  391 

17  51  33*17 

197  48  16  95 

Robbins. 

74  52  13 '39 

254  39  49*41 

Wilmer. 

White  City 

38  48  oS  745 

9f.  43  45  -048 

163  06  37  *59 

343  04  00  90 

Robbins. 

242  53  50*07 

63  00  01  -49 

Reinhard. 

Robbins 

38  58  50  274 

96  47  54  -616 

59  00  34  -65 

238  52  42  -32 

Taylor. 

126  47  32*23 

306  38  26*00 

Wilraer. 

Taylor 

38  52  56-720 

97  cx>  26  25.'; 

79  2655*55 

259  07  5^  96 

Iron  Mound. 

126  23  43-08 

306  09  17 -50 

Vine  Creek. 

862 
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Station. 

latitude. 

longitude. 

Azimuth. 

Back  azimuth. 

To  station. 

/Tawjaj— Continued. 

o    /        // 

0    /        // 

0    /       // 

0«    '           ft 

Wilmcr 

39  07  14-517 

97  02  21 -640 

353  59  52 -76 

174  01  05-37 

Taylor. 

86  02  24-79 

265  49  09  -78 

Vine  Creek. 

Frcy 

39  01  25  -452 

97  10  23  -358 

227  02  55  -58 

47  07  59  -21 

Wilmer. 

^17  '56  32  -44 

137  32  47  -83 

Taylor. 

Vine  Creek 

39  06  04*648 

97  23  21  -910 

49  00  09-07 

228  51  52 -C5 

North  Pole  Mound. 

84  58  0963 

264  41  32-11 

Thompson. 

Iron  Mound 

38  48  28-227 

97  30  41  '555 

152  17  57  -31 

332  14  17  82 

North  Pole  Mound. 

197  57  49-71 

18  02  26-12 

Vine  Creek. 

Salina  East  Base 

38  52  23  402 

97  31  57  757 

345  46  21  -70 

165  47  09  -49 

Iron  Mound. 

68  39  03  -02 

248  36  24-22 

Salina  West  Base. 

Salina  West  Base 

38  51  05-968 

97  36  10-842 

177  28  58-35 

357  28  45  -55 

North  Pole  Mound. 

301  27  16-24 

121  30  4271 

Iron  Mound. 

North  Pole  Mound 

38  57  08-164 

97  36  31  '232 

72  42  23  -68 

252  25  47-13 

Heath. 

124  33  23  -04 

304  25  03  -98 

Thompson. 

Thompson 

39  04  13  '094 

97  49  44  054 

37  21  29-88 

217  13  10-54 

Heath. 

95  41  39 -27 

27s  31  26  60 

Lincoln. 

Heath 

38  50  38748 

98  02  58 -239 

93  24  29-22 

273  07  59  75 

Wilson. 

123  46  09  -91 

303  36  28-13 

Golden  Belt. 

I^incoln 

39  05  27  -490 

9^  05  55  '902 

351  06  50  77 

171  o3  42  50 

Heath. 

55  13  52 -24 

235  06  00  80 

Golden  Belt. 

Golden  Belt 

38  58  41  '184 

98  18  24-467 

51  02  59-32 

230  56  10  32 

Wilson. 

143  21  20  12 

323  12  26  56 

Meades  Ranch. 

Wilson 

38  51  49  230 

98*29  15-488 

92  27  01  "So 

272  18  49-22 

Bunker  Hill. 

173  19  26-63 

353  17  23  -81 

Meades  Ranch. 

Meades  Ranch 

39  13  25  006 

98  32  30-469 

19  57  42  -79 

199  51  31 '12 

Bunker  Hill. 

75  28  16-52 

255  17  19-53 

Waldo. 

Bunker  Hill 

38  52  14  -760 

98  42  20-450 

71  05  23-30 

250  59  08-06 

Allen. 

161  42  57  10 

341  38  14  03 

Waldo. 

Waldo 

39  09  53 '973 

98  49  50  086 

5  26  34-01 

185  25  00-51 

Allen. 

4858  34-81 

228  48  24 -7S 

Blue  Hill. 

Allen 

38  49  34  017 

9852  18-677 

34  29  47  06 

214  24  47  89 

Fairmount. 

131  20  00  -31 

311  11  25-83 

Blue  Hill. 

Fairmount 

38  40  28-497 

99  00  i6  632 

68  44  22-70 

248  34  27 -46 

La  Crosse. 

138  59  40  65 

318  49  39-12 

Hays. 

Blue  Hill 

38  5«  55  645 

99  05  57  893 

346  24  50-71 

166  28  24 -63 

Fairmount. 

63  07  35 -71 

243  01  06-70 

Hays. 

La  Crosse 

38  35  36  279 

99  16  10  022 

179  44  23 -20 

35944  19-00 

Hays. 

Hays 

3S  54  50-180 

99  16  16-730 

Smoky  Hill 

38  43  33  '435 

99  32  53 "^sS 

228  57  53 "51 

49  08  18  -45 

Hays. 

301  as  34  09 

121  19  01  -05 

I.a  Crosse. 

Trego 

3"^  53  53  "900 

99  38  15-858 

266  45  34  -78 

86  59  23 -25 

Hays. 

337  5«  30  53 

157  54  52  -49 

Smoky-HiU. 

Skaggs 

38  39  26-489 

99  45  14  -891 

200  40  41  -95 

20  45  04  '39 

Trego. 

246  54  26  09 

67  02  09  47 

Smoky  Hill. 

Big  Creek 

3^  55  37766 

99  54  22  -409 

277  44  48  -78 

97  54  55  '91 

Trego 

3?6  as  45-16 

156  14  28  18 

Skaggs. 

Schmidt 

3H  41  44  -859 

100  03  17-123 

206  37  27  99 

26  43  03-13 

Big  Creek 

279  10  09  29 

99  21  25-61 

Skaggs. 

Canyon 

38  39  23732 

100  26  14-658 

171  53  27-90 

351  52  01  -56 

Indian  Creek. 

262  26  05  63 

82  40  26  -48 

Schmidt. 

Indian  Creek 

3S  52  00  -456 

100  28  32  -565 

262  05  49  65 

82  27  17-00 

Big  Creek. 

297  17  41  -80 

"7  33  31  00 

Schmidt 

Beaver 

38  43  23  -045 

100  51  47  -331 

244  31  03-00 

64  45  36  87 

Indian  Creek. 

28X  08  00-77 

loi  23  58  -86 

Canyon. 
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station. 

I^atitude. 

Longitude. 

Azimuth. 

Back  Azimuth. 

To  station. 

Ka  «5a  J— Continued. 

• 

0    /       tt 

0     t     tt 

0      /        /' 

3    /       ft 

a 

Monument 

38  53  54  -848 

100  53  05 '527 

275  32  44-11 

95  48  08 -74 

Indian  Creek. 

354  27  43  "02 

174  28  32  03 

1  Beaver. 

Gopher 

38  59  25  '849 

loi  09  29  828 

293  12  38-39 

113  22  57  09 

Monument. 

319  06  59  -32 

139  18  05-91 

Beaver. 

Sheridan 

38  51  31  "970 

101  21  16-785 

229  18  23  26 

49  25  47  -44 

Gopher. 

289  17  28*18 

109  35  56  -71 

Beaver. 

Teeters  Hill 

39  04  21  583 

101  28  35  -675 

2S8  12  31  02 

108  24  32-62 

1  Gopher. 

335  57  42  -20 

156  02  iS  20 

Sheridan. 

Wallace  Bluffs 

•      38  50  54  -79* 

loi  34  57-335 

aoo  14  19-51 

20  18  19  -49 

Teeters  Hill. 

j 

266  36  45 -42 

86  45  20-18 

'  Sheridan. 

1 

Turtle 

39  01  16  -340 

101  45  25  -657 

256  40  34  -98 

76  51  "  '23 

Teeters  Hill. 

321  39  03 -88 

MI  45  38-74 

Wallace  Bluffs. 

Curlew 

38  50  24  -510 

loi  46  56-592 

186  12  40*02 

6  13  37  16 

Turtle. 

266  51  20*35 

86  58  51  47 

Wallace  Bluffs. 

McLane 

39  01  52  -813 

101  57  49  "239 

273  31  58 -83 

93  39  47  05 

Turtle. 

Colorado. 

323  25  10  06 

143  32  00-22 

Curlew. 

Arapahoe 

38  45  59  '937 

102  05  43  784 

201  13  25*26 

2:  18  23-25 

McLane. 

253  12  19*14 

73  24  05  50 

Curlew. 

Monotony 

39  01  43*174 

102  14  58  -513 

269  13  19*71 

89  24  07  -87 

McLane. 

335  16  05-30 

155  21  53  63 

Arapahoe. 

Cheyenne  Wells 

38  57  01  985 

102  24  01  -571 

236  23  26*57 

56  29  08  25 

Monotony. 

307  32  47  *67 

127  44  16-42 

Arapahoe. 

First  View 

38  47  41  241 

102  32  55  -253 

216  36  13  89 

36  41  48-82 

Cheyenne  Wells. 

• 

274  23  36  "80 

94  40  38  66 

Arapahoe. 

I^andsnian 

38  56  50  877 

102  35  14  -970 

268  43  51  -91 

88  50  55  *22 

Cheyenne  Wells. 

348  44  53  ■>3 

168  46  20  '81 

First  View. 

KJt  Carson 

38  42  06  '062 

102  51  34  -976 

179  30  21 *8o 

359  30  14 '93 

Eureka. 

248  59  03  08 

69  10  43  91 

First  View. 

Eureka 

38  58  38-551 

102  51  45  -958 

277  50  10 -21 

98  00  33-34 

Landsman. 

• 

306  32  31  61 

126  44  21  '42 

First  View. 

Overland 

.     39  02  18-796 

103  10  15-517 

284  10  33  -60 

104  22  12  '00 

Eureka. 

2  06  24  89 

1S2  05  59  -77 

Aroya. 

Aroya 

38  48  08  -456 

103  10  55  494 

234  51  27-04 

55  03  28  76 

Eureka. 

291  38  21  -59 

111  30  28  -02 

Kit  Carson. 

Hugo 

39  04  31  '579 

103  30  48  -863 

277  45  13-03 

97  5i^  10  15 

Overland. 

316  25  24-03 

136  37  54  05 

Aroya. 

Adobe 

38  40  39-312 

103  33  16-252 

184  35  10*73 

4  3^  43  -24 

Hugo. 

246  43  36  -42 

66  57  35  -45 

Aroya. 

Square  Bluffs 

38  51  06-826 

103  49  43  527 

227  38  54  -67 

47  50  4b -iS 

Hugo. 

30S  59  01  -48 

129  ix>  19-64 

Adobe. 

Cramers  Gulch 

38  35  34 -60S 

103  55  54  -260 

197  16  21  57 

17  20  13-48 

Square  Bluffs. 

253  55  oS-i6 

74  09  16  05 

Adobe. 

Holt 

39  02  19  -481 

103  58  17-246 

263  59  15-28 

84  16  33  -92 

Hugo. 

329  08  31  -6.^ 

149  13  54  55 

Square  Bluffs. 

Big  Springs 

38  45  04  -960 

104  15  09  -598 

253  00  34  85 

73  16  31-13 

Square  Bluffs. 

302  05  53  aS 

122  17  55-01 

Cramers  Gulch. 

Holcolm  Hills 

39  00  06  702 

104  18  59  703 

262  05  27  58 

82  18  29-82 

Holt. 

34S  41  55  -81 

168  44  20  23 

Big  Springs. 

V\  Paso  East  Base 

38  57  20-837 

104  27  41 -835 

160  58  36-22 

340  56  41  23 

Divide. 

247  48  35  -66 

67  54  04  -10      ' 

Holcolm  Hills. 

Divide 

39  04   13  -822 

104  30  44  505 

294  o-S  41  03 

114  16  04-92 

Hola>lm  Hills. 

1 

327  28  09  09 

147  37  56  •}.2 

Big  Springs. 

riateau 

3S  23  30  -^92 

104  33  17-155 

139  3''»  05  -445 

319  17  47  chjS 

Pikes  Peak. 

213  19  21  -822 

33  3"  .^)"9i<> 

Big  Springs. 

El  Paso  V.'est  Base 

38  58  41  '701 

104  35  19*176 

212  48  12-99 

32  51  03 -9.^ 

DiNnde. 

282  43  15-63 

102  4b  03  24      1 

El  Paso  East  Base 
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Station. 
Colorado — Continued. 
Corral  Bluffs 

Pikes  Peak 

Bison 

Mount  Ouray 

Mount  Elbert 

Treasury  Mountain 

Uncompahgrre 

Tavaputs 

Utah. 
Mount  Waas 

Patmos  Head 

Mount  Ellen 

Wasatch 

Mount  Nebo 

Ogden  Peak 

Waddoup 

Salt  I«ake  Southeast  Base 


latitude. 

o     '  '/ 

US  52  10  '187 


I«ongitude. 


Azimuth. 


Back  Azimuth. 


38  25  20742 

39  07  02  "980 
39  00  50-531 

38  04    17  "000 

39  32  22  578 

38  32   20'100 

39  30  07    236 

38  07    15  "815 

I      39  06  53  "072 

I 

39  48  37  '831 

41   II  59-4>3 

40  54  24723 

41  02  17 '2^5 


Salt  l,ake  Northwest  Base  41  c/)  37*160 

Antelope  40  57  43  "107 


Tushar 
Promontory 
Deseret 
Ibepah 


3S  25  09-052 


41  17  52-429 


40  27  34*047 


I       39  49  41  -249 


Nevada. 


Pioche 


Pilot  Peak 
Wheeler  Peak 
White  Pine 
Diamond  Peak 


// 


104  35  34  •ao2 


38  50  24  821    105  02  37  -173 


39  14  17  -078    105  29  50  -072 


106  13  27-164 

106  26  41  -258 

107  05  54  -569 
107  27  41  -604 
109  00  iS'920 

109  13  38-107 
no  iS  57  "650 
no  4b  50*421 

III  27  II  -612 

in  45  56 "571 
III  52  52  644 

111  53  10  088 

112  01  04  094 
112  06  39041 
112  12  55-126 
112  24  42 -680 
112  25  0S-H24 
112  37  32  T52 

II  ^  5-x  I   ■;4> 


37  5^  09  "695  "4  03  04  536 

41  01  16  035  114  04  35*!^26 

3S  59  0.S-671  114  18  .17-535 

3S  19  09-571  115  30  04  461 

3935057^5  1154904-554 


O   ' 

181  42 
229  52 
24047 

277  55 
282  00 
318  12 

214  39 
245  20 
360  24 

345  58 
258  19 

310  32 
19643 
249  39 
28855 
9  53 


57  44 
15  44 

58  "277 
II  726 

54 '549 
52  454 
22-412 

57667 
56-171 
40 '578 
07  309 
34 '915 
04-098 
56658 

»3*333 
09-781 


253  25  18-358 
288  01  27  -850 
267  27  44-066 

318  14  47*969 
195  36  04  462 
251  01  27  773 
245  58  16-210 
333  01  10-894 
284  55  42-684 
340  42  17*269 
356  19  44  -249 

37  36  35  '819 
102  33  19-834 
180  42  56  -584 

63  05  26  267 
135  44  39  223 
242  37  46-176 

28  06  09-746 
226  37  36  -019 

3J  59  »3"590 

199  4»  13  505 
226  52  40-655 

2.*>3  24  03  067 
335  »7  23-212 
314   M  14  716 

57  57  -M  "533 
269  55  05  -^ 

319  43  05-669 


16S  26 
250  5.S 
296  29 

354  u 
199  49 
290  13 

234  o.^ 

2S5  46 

2/^  39 

34^  5u 


37  '464 
5«  "550 
4t>"354 
03 ■S05 

35  293 
22  377 
13*165 

50  743 

"7  5^5 
3"^  "479 


o  t 

I  43 

49  57 
ei  08 

98  24 

102  38 
138  30 

35  06 

6605 

81  00 

16606 

7843 

131  05 
1656 

70  35 
no  07 
18944 

74  45 

109  07 

88  17 

138  55 
15  54 
72  00 

66  41 
153  25 
105  51 
160  54 
176  24 
217  07 
282  20 
o  43 
242  57 
315  40 

62  46 
20S  02 

46  50 

211  43 

20  05 

47  2S 

103  45 
155  25 
134  47 
237  07 

91  17 
140  40 


// 
06 -88 
12-15 
00-807 
55*882 

13*294 
00-947 

43  423 

II  '041 
51  -146 
57*845 
50*404 
23  *638 
38-538 

54  265 

39*219 
46  392 

18-285 
08-151 
46*947 

55  -837 
48 -182 

30*654 
29*774 
07-186 

13*412 
12 -279 

14  -515 
23  *873 
23  -402 
0*5-041 
39  -78^ 

59  151 
50  027 
02  -^33 
46-202 
10-205 

41 *I12 

41  -626 
19*656 

25 -Si 8 
30  152 

42  -399 
50  '052 
09748 


34S  16  5:^-592 
71  59  4-^  697 

117  26  35  633 

174  17  II  676 
20  04  36  •  1 2S 

III  24  42-592 

54  47  44'^I9 
106  40  -5  -519 

117  36  17-695 

169  02  35-267 


To  station. 

HI  Paso  West  Base. 

El  Paso  East  Base. 

Divide. 

Big  Springs. 

Divide. 

Pikes  Peak. 

Bison. 

Pikes  Peak. 

Bi.son. 

Mount  Ouray. 

Mount  Elbert 

Mount  Ouray. 

Treasury  Mountain. 

Mount  Ourav. 
,  Treasury  Mountain. 
'  Mount  Waas. 

Treasury  Mountain. 
Uncompahgre. 
Tavaputs. 
Mount  Waas. 
Patmos  Head. 
Mount  Waas. 
Patmos  Head. 
Mount  Ellen. 
Patmos  Head. 
Wasatch. 
Mount  Nebo. 
Deseret. 
Antelope. 
Ogden  Peak. 
Antelope. 

Salt  Mke  N.  W.  Base. 
Ogden  Peak. 
.\ntelope. 
Ogden  Peak. 
Deseret. 
Mount  Nebo. 
Wasatch. 
Ogden  Peak. 
Antelope. 
'  Mount  Nebo. 
Ibepah. 
Mount  Nebo. 
Tushar 

I  Wheeler  Peak. 
I  Tushar. 
j  Deseret. 

I 

Ibepah. 
n)epah. 
Tushar. 
Wheeler  Peak. 
Pioche. 

Wheeler  Peak. 
White  Pine. 
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G.  RESULTING  GEOGRAPHIC  POSITIONS,  ETC.— Completed. 


station. 

Latitude. 

Longitude. 

Azimuth. 

Back  azimuth. 

To  station. 

A'madia— Continued. 

0    /       " 

0     *       '• 

0     1       II 

0      1         n 

Mount  Callahan 

394233*896 

116  57  00 -210 

277  43  59  104 

98  27   19-661 

Diamond  Peak. 

19  45  19-0^1 

199  30  02  413 

Toiyabe  Dome. 

Toiyabe  Dome 

38  49  57717 

117  21  08*241 

237  18  00-056 

58   16   12  047 

Diamond  Peak. 

28852  43  547 

110  01   59-024 

White  Pine. 

Uone  Mountain 

38  01  27  -673 

117  29  37  303 

118  30  47-691 

297  42  34067 

Mount  Grant 

187  47  29  492 

7  52  45  -901 

Toiyabe  Dome. 

Carson  Sink 

39  34  59»72 

118  14  04*648 

262  20  31  317 

83  09  41  995 

Mount  Callahan. 

317  1603-312 

137  49  31  "301 

Toiyabe  Dome. 

Mount  Grant 

3834  13-398 

118  47  26199 

202  59  36-386 

23  20  38  141 

Carson  Sink. 

256  27  00 -812 

77  20  58  512 

Toiyabe  Dome. 

Mount  Como 

3901  17  044 

119  aS  23-190 

239  20  08  029 

60  07  12  -220 

Carson  Sink. 

309  57  47  380 

130  23  26  825 

Mount  GranL 

Pah-Rah 

39  47  40  397 

M19  28  24*214 

3595900786 

179  59  01  436 

Mount  Como. 

62  36  06*453 

242  02  01  -661 

'  Mount  Lola. 

California, 

Mount  Conneaa 

37  58  ox  568 

119  19  13*860 

142  39  29*965 

322  14  12-905 

Round  Top. 

214  32  21  -756 

34  52  03  289 

Mount  Grant. 

Round  Top 

383949318 

120  00  00-709 

228  53  10-154 

49  13  00  255 

Mount  Como. 

275  14  16-026 

95  59  33  ■:9i 

Mount  Grant. 

Mount  I^ola 

39  ?5  59  077 

120  21  51*126 

300  25  34  769 

120  59  23  -498 

Mount  Como. 

339  3803*003 

15951  48\S5 

Round  Top. 

Mocho 

37  38  38756 

121  33  18*412 

118  41  29*649 

298  03  18  -514 

Mount  Tamalpais. 

144  57  42656 

324  44  34-421 

Mount  Diablo. 

Yolo  Southeast  Base 

38  31  41  254 

121  47  58  085 

5549  16447 

235  38  39-989 

Vaca. 

11401  57*873 

293  47  22-148 

Monticello. 

iolo  Northwest  Base 

38  40  43  877 

121  51  28*111 

343  05  10  607 

163  07  21  -648 

Yolo  Southeast  Baae. 

86  47  32 '345 

266  35  06  -415 

Monticello. 

Mount  Diablo 

37  52  54 '554 

121  54  47-958 

217  34  54  104 

3832  58*193 

Mount  Lola. 

242  00  26-990 

63  11  33-335 

Round  Top. 

Vaca 

3&  22  32 '887 

122  05  01 *56o 

34442  03-229 

164  48  22  -090 

Mount  Diablo. 

124  25  51  -469 

304  05  20-881 

Mount  Helena. 

Monticello 

38  vf  49728 

122  II  21  -880 

343  53  27358 

163  57  24  217 

Vaca. 

91  04  30  326 

270  47  53  483 

Mount  Helena. 

Mount  Tamalpais 

37  55  26-605 

122  35  44  -834 

177  46  56  984 

357  45  34  '848 

Mount  Helena. 

274  15  22-127 

94  40  31  -460 

Mount  Diablo. 

Mount  Helena 

38  40  10 -180 

122  37  57  -365 

245  56  20  714 

67  22  06  -093 

Mount  Lola. 

324  01  37  516 

144  28  21  564 

Mount  Diablo. 

Snow  Mountain  West 

39  22  37  556 

122  45  28-122 

352  06  04  -73 

172  10  48  55 

Mount  Helena. 

18  03  06 -70 

'97  49  29-18 

Ross  Mountain. 

Mount  Sanhedrin 

39  30  57  809 

123  05  43  -0x7 

297  51  50  58 

118  04  42  "47 

Snow  Mountain  West 

34  02  43-07 

213  46  30  "21 

Cold  Spring. 

Ross  Mountain 

38  30  »9  '701 

123  07  08  -774 

246  36  11*868 

66  54  24  242 

Mount  Helena. 

324  27  25-046 

144  46  50-491 

Mount  Ta:aalpais 

Pazton 

39  08  08  322 

123  18  42  764 

55  25  25-22 

235  17  27 -88 

Cold  Spring. 

155  25  58-00 

3,35  20  54  51 

Two  Rock. 

Two  Rock 

39  21  42  653 

123  26  42-451 

10  02  46-19 

189  59  50 -81 

Cold  Spring. 

84  34  47  -96 

264  24  21  -03 

Great  Caspar. 

Cold  Spring 

39  01  20-503 

123  31  19-984 

238  56  49*43 

59  25  48  70 

Snow  Mountain  West 

• 

296  36  51  -14 

117  10  19  95 

Mount  Helena. 

Fisher 

390358-856 

12335  11-270 

251  58  04  18 

72  08  27  62 

Paxton. 

311  '5  39  32 

131  18  05 -01 

Cold  Spring. 

Great  Caspar 

39  30  28  639 

123  43  11-178 

249  57  35  -51 

70  21  23  -36 

Mount  Sanhedrin. 

vQ.m**r%         ^^r\       A . 

ee 

334  11  52*94 

154  19  22  26 

Cold  Spring. 
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H.  ARC  MEASUREMENTS. 

I.    RELATION  OP  THE  ARC  OF  THE   PARAI.LEI.   (OF    1871-1898)   TO  OTHER 

AMERICAN  ARCS. 

Our  account  of  the  arc  of  the  thirty-ninth  parallel  would  still  remain  incomplete 
without  some  reference  to  its  bearing  upon  other  arcs  measured  or  being  measured  in 
the  United  States,  since  by  itself  it  is  incapable  of  furnishing  any  results  of  the  earth's 
figure  and  magnitude.  To  that  end  combinations  with  measures  of  like  import  are 
demanded,  and  which  will  set  into  clearer  light  some  of  the  larger  operations  of  the 
Survey. 

In  the  first  place,  it  should  be  remarked  that  last  year  has  also  seen  the  completion 
of  the  field  work  pertaining  to  the  measurement  of  an  oblique  arc  along  our  Atlantic 
coast  and  binding  it  to  the  Gulf  coast.  It  stretches  from  Maine  to  Louisiana  and,  like 
the  arc  of  the  parallel,  is  incidental  to  the  regular  work  of  the  Survey.  In  point  of  age, 
however,  it  reaches  back  to  the  time  of  the  first  Superintendent.  The  northeastern 
terminus  is  at  Calais,  Maine,  opposite  the  Canadian  boundary,  in  latitude  45°  11'  09"'4 
and  in  longitude  67°  16'  5 7"* 9  west  of  Greenwich,  and  its  southwestern  terminus  is  at 
New  Orleans,  Louisiana,  in  latitude  29°  57'  25"*3  and  in  longitude  90°  04'  24"'4 
(station  of  1858).  The  length  of  the  geodetic  line  connecting  these  positions  is  2  612 '2^ 
kilometres,  or  i  623'2  statute  miles.*  The  triangulation  is  supported  by  6  base  lines 
and  the  astronomic  part  consists  of  about  71  latitudes,  56  azimuths,  and  17  telegraphic 
longitude  determinations.  It  is  intended  to  take  up  the  final  computation  of  this  arc 
without  delay  and  the  publication  of  its  results  may  therefore  be  expected  at  no 
distant  date. 

Two  smaller  arcs  of  the  meridian  were  measured  some  years  ago.  A  preliminary 
account  of  these  will  be  found  in  Coast  Sur\^ey  Report  for  1868,  Appendix  No.  9,  and 
in  Coast  Survey  Report  for  1877,  Appendix  No.  6.  The  first  is  known  as  the  Nan- 
tucket arc,  which  has  an  extension  of  3°  22'  39"*2,  or  375*22  kilometres  (or  233*15  statute 
miles),  and  contains  7  astronomic  latitudes;  the  second  is  known  as  the  Pamlico- 
Chesapeake  arc,  which  extends  over  4**  31'  3o"*i,  or  502*34 kilometres  (or  31 2 "14 statute 
miles)  and  is  supported  by  14  astronomic  latitudes.  Each  of  these  arcs,  therefore,  is 
longer  than  the  Peruvian  arc  and  astronomically  better  sustained,  and  both  are  capable 
of  farther  extension  northward.  The  results  given  in  the  reports  of  1868  and  1877  are 
now  in  need  of  revision  before  they  can  be  finally  utilized. 

It  is  well  known  that  the  Sur\^ey  is  now  actively  engaged  in  prosecuting  the 
measurement  of  what  is  designated  "the  central  arc  of  the  meridian,**  which  runs 
along  the  meridian  of  98°  west  of  Greenwich  and  intersects  the  central  arc  of  the  parallel 
just  west  of  the  Salina  Base  Line.  Its  full  extent  within  the  limits  of  the  United 
States  between  the  Mexican  boundary  at  the  Rio  Grande,  Texas,  and  the  northern 


*The  line  may  be  plotted  on  any  projection  by  means  of  the  geographic  petitions  of  its  terminals  and  the  follow, 
ing  positions  of  two  intermediate  points  in  it,  viz: 

{tp  =  350  c  9»  =  40° 

A=8i    o8'-2      *°^    \A  =  76   59'-6 

The  azimuths  of  the  geodetic  line  are  223°  22^  31"  at  New  Orleans  and  57®  30^  44"  at  Calais. 
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boundary  at  the  British  Possessions  is  23®  06';  i.  e.  from  Brownsville  in  latitude  25°  54' 
to  latitude  49°  00'.  It  is,  however,  capable  of  considerable  extension,  as  it  maybe  made 
to  abut  on  the  Pacific  coast  east  of  Acapulco,  Mexico,  in  latitude  16**  north,  on  the  one 
hand,  and  on  the  other  may  be  carried  over  the  Lake  Winnipeg  region  indefinitely 
northward  into  British  Northwest  Territory.  The  measurement  of  this  arc  was  proposed 
in  March,  1 881,  to  Superintendent  Patterson,  who  then  approved  of  the  meridian  of  98°, 
but  no  action  was  taken  until  1897;  since  that  time  the  reconnaissance  from  the  Rio 
Grande  to  latitude  39°  has  been  made,  while  to  the  northward  of  that  latitude  the 
triangulation  is  completed  well  into  the  middle  latitude  of  Nebraska.  It  will  be 
noticed  that  the  central  arc  of  the  parallel  and  that  of  the  central  meridian  are  com- 
plementary to  each  other  and  will  furnish  data  of  the  curvature  east  and  west  and 
north  and  south  for  the  determination  of  an  oscillatory  spheroid  in  this  region. 

The  United  States  is  also  in  possession  of  two  other  arcs,  one  of  the  meridian,  the 
other  of  the  parallel,  which  were  measured  by  the  United  States  Engineer  Corps  work- 
ing under  the  special  organization  of  the  Survey  of  the  Great  Lakes.  A  full  account 
has  been  published  by  Lieut.  Col.  C.  B.  Comstock  under  the  title  '  *  Professional  Papers, 
Corps  of  Engineers,  United  States  Army,  No.  24.  Primary  Triangulation  United  States 
Lake  Survey,"  Washington,  1882.  Neither  of  these  arcs  could  be  utilized  in  combina- 
tion with  other  like  measures  by  reason  of  an  unknown  correction  attaching  to  the  unit 
of  length  as  used  by  the  Lake  Survey  at  the  time  of  publication;  and  the  subsequent 
suspension  of  that  Survey  left  no  occasion  to  remove  the  deficiency.  Since  that  date  the 
Coast  and  Geodetic  Survey  has  been  charged  with  measures  of  this  character,  which  is 
also  manifest  by  the  United  States  joining  the  convention  of  October,  1886,  as  a  member 
of  the  International  Geodetic  Association.  The  above  measures  may  be  regarded  as  an 
inheritance  to  be  preserved  and  supplied  with  any  needful  data  and  extended  in  order 
to  carry  out  the  original  idea  which  led  to  their  conception. 

The  unit  of  length  of  the  United  States  Lake  Survey  was  the  so-called  Rep- 
sold  metre  or  R^^^^,  for  which  standard  General  Comstock  published,  under  date  of 
February,  28,  1885,  the  result  from  comparisons  made  at  the  International  Bureau  of 
Weights  and  Measures,  at  Breteuil.  The  length  of  this  metre  has  been  discussed  and 
its  final  relation  to  the  Prototype  Metre  determined  by  the  Coast  and  Geodetic  Survey,  as 
given  in  the  report  for  1889,  Appendix  No.  6,  and  is  referred  to  in  Part  I  of  this  paper  in 
connection  with  the  Olney  Base  Line.  The  result  was  R^^^^  —  i  metre  Committee  + 
gS'2/ji  ±  07/i  at  0°  C.  and  for  any  other  temperature,  /°  Centigrade,  the  difiFerence — 

R^^-  C  M.  =  +  S^'2Spi  -  1-192  5  (/- ii°-66), 

d=o-49         =b  42  5 

and  the  coefficient  of  expansion  a  of  R^^^^  =  io*6o6/^.     The  C.  M,  was  found  to  be 

±  25 

sensibly  equal  to  the  Prototype  Metre;  hence  we  get   for  the  length  of  R^^^^  at  the 

temperature  57° '92  F.   (or  at  14° '40  C.)  the  value  i  metre  +  250*9  microns,  which 

rb   -8 

result  was  used  for  the  conversion  of  the  linear  measures  of  the  Lake  Survey  tables  of 

pages  823  and  826  of  the  Professional  Papers.     We  content  ourselves  here  with  transcrib- 
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ing  the  astronomic  results  without  any  change;  such  for  instance  as  a  correction  for 
variation  of  pole.     The  corrected  tabular  results  are  as  follows: 


2.  ARC  OF  THE  MERIDIAN  BETWEEN  PARKERSBURG,  ILLINOIS,  AND  ST.  IGNACE,  ONTARIO. 


Stations. 


Parkersburg 
West  Base,  Olney 
Fainnount 
Willowsprings 
Minnesota  Junction 
Fort  Howard 
Ford  River 
Huron  Mountains 
Vulcan 
St.  Ignace 


Observed 
latitudes. 

Intervals  from  Parkers- 

burff  to  the 

several  parallels. 

o     /         // 

Metres. 

38  34  53  '20 

o"o 

38  51  41  -23 

31  052  -9 

40  01  3670 

160  490  -2 

41  43  38  '63 

349  311*4 

43  28  31  -82 

543  449*1 

44  30  30  -28 

658  322  -2 

45  41  05  -34 

789  271  '9 

46  52  53  'o? 

921  739*3 

47  26  44  '58 

984  873  -o 

48  47  28  -65 

I  134  127-8 

3.    ARC  OF  THE   PARALLEL  OP  42°  BETWEEN  WILLOWSPRINGS,  ILLINOIS,  AND  MANNS- 

VILLE,  NEW  YORK. 


Stations. 

V'i'lrnvsprings 
Cedar  Point 
Tonawanda 
Mannsville 


Observed  longitudes 

referred  to 

Detroit,  Michigan. 

o     /  // 

4-  4  48  03  -15 
(o  00  00  'oo) 
-f      17  01  -84 
(-  4  31  01-31) 

-  4  09  42  -44 

(-  8  57  45*59) 

-  6  59  36  -86 
(-11  47  40-01) 


Intervals  from  Wil- 
lowsprings to  the 
several  meridians. 

Metres, 


o*o 
374  218-4 
742  569-2 

977  491  'o 


The  St.  Ignace-Parkersburg  meridian  as  it  stood  in  1882  obviously  represents  only 
one-half  oi  what  its  ultimate  length  was  to  be.  Its  extension  southward  to, the  Gulf, 
where  it  joins  the  oblique  arc,  is  thus  plainly  demanded.  The  Willowsprings- Manns- 
ville arc  fared  better  since  that  date,  the  Coast  and  Geodetic  Survey  having  added  at 
both  ends  triangulations  of  its  own,  which  may  now  be  utilized  to  a  considerably  larger 
extent,  namely,  from  Cape  Cod,  Massachusetts,  to  Dubuque,  Iowa.  The  only  field 
work  still  needed  is  the  telegraphic  longitude  determinations  at  these  terminal  places. 

For  brevity's  sake  we  shall  call  the  meridional  arc  **the  Lake  Superior  arc,'*  and 
that  of  the  parallel  ' '  the  Lake  Erie  arc. ' '     Scrutinizing  the  measures  of  the  Lake 

Superior  arc,  we  get  for  the  whole  of  it  the  average  value  of  1°  or  •       V  metres 

=  1110817   metres,    and   for  the   partial   arc,   omitting  the   first  and  last  stations. 

953  820 'i  metres  =111  112-6  metres.     For  the  respective    mean   latitude    on    the 
8-584  26 
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iBessef  ^P^^^^^^ ^e have { || j  ^^ ^ metres  and | J "  ^^ .^ metres. *    From  these  figures 

we  infer  that,  as  far  as  the  whole  arc  is  concerned,  the  measures  favor  the  smaller  of  the 
two  spheroids,  but  when  the  terminal  stations  are  lopped  oflF,  the  remaining  sub-arc  leans 
toward  the  larger  one,  so  that  there  appears  little  choice  between  the  two  representative 
spheroids.  It  is  different  with  the  Lake  Erie  arc.  Here  the  measures  all  demand  a 
larger  spheroid  even  than  that  of  darkens. 

The  meridional  arc  measured  by  Mason  and  Dixon  between  the  Delaware  Bay  and 
the  Chesapeake  Bay  in  1764  is  now  obsolete.  It  crosses  the  transcontinental  triangula- 
tion  close  to  the  station  Hartly.  Its  middle  latitude  is  39°  12'  and  its  length  is  but 
1°  28' 75.     For  particulars  see  Phil.  Trans.  R.  S.  for  1768. 

i.  PRELIMINARY  PARTIAL  COMBINATION  OF  AMERICAN  ARCS. 

By  combining  the  central  arc  of  the  parallel  with  the  Lake  Superior,  arc  of  the 
meridian,  we  can  obtain  at  least  an  approximate  value  for  an  osculating  spheroid 
answering  to  the  compact  part  of  the  United  States.  It  suffices  here  to  use  terminal 
stations  only,  and  for  reasons  already  stated  to  substitute  a  mean  value  for  the  first  and 
second  stations  of  the  arc  of  parallel  and  a  mean  for  the  last  and  its  preceding  station  of 
the  Lake  Superior  arc. 

For  an  arc  of  meridian,  let  A  =  length  of  arc  as  directly  measured,  g)  and  (p'  its 
astronomically  observed  terminal  latitudes,  also,  as  usual,  a  the  equatorial  radius  and  d 
the  polar  semiaxis  of  the  spheroid;  also  ^  =  (a  —  b)/b,  then  we  havet — 

A^b  [  i-e+y  sin'  TL±^\  (<p^  -  <p)  sin  i" (i) 

For  an  arc  of  parallel,  let  C  =  length  of  arc  as  directly  ineasured,  D  the  astronomic 
difference  of  longitude  (in  seconds)  of  its  terminal  stations  in  latitude  cp^ ;  then  we  have 

C=  d  cos  (p^  (1  +  e  +  e  sin''  9?,)  Z>  sin  i" (2) 

From  equations  (i)  and  (2)  the  values  of  6  and  e  can  be  deduced. 

For  the  combination  of  two  meridional  arcs,  we  have  the  following  simple  expres- 
sions: Let  <T^  <r^  =  the  measured  lengths  of  the  arcs,  <p^  cp^  their  astronomic  amplitudes, 
and  <p^  fp^  their  mean  latitudes ;  also  put — 

n=  {a  —  b)/{a  +  *)  ,  thenj— 

3       cos  2  (p^  —  COS  2  ^^ 

,      .           X       <y^(p,  COS  2  a>„  —  (T,  a>,  COS  2  th^ 
anda(i— «)=     »  ^'     -, — ^ '  ^»        ,^'», 

^x  ^a  (cos  2(p^-  COS  2  ^'J 

whence  a  and  b  follow. 

♦Clarke:  M°  =  1 1 1  132090  —  566*078  cos  2  ^  4-  i'ao2  cos  49  —  o'oo2  4  cos  6  ^  + 

Bessel:   M^  =  iii  i2o-6i9  —  558*080 cos  2 9  +  i'i68cos49  -0002  2  cos 69  + 

fAiry's  Figure  of  the  earth,  Cyclopaedia  Metropolitana  (about  1830);  also  Phil.  Trans.  1826. 
{  Brit.  Ordn.  Survey,  London,  185S,  Section  X,  p.  561. 
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For  the  case  of  the  I^ake  Superior  arc  in  combination  with  the  United  States  Central 
arc  of  the  parallel,  we  have  the  following  data:  A  =  i  059  500  —  15  526  =  i  043  974 
metres,  <p=3^''  43'  i7"'22,  ^'  =  48**  07'  o6"-62  and  C=  4  182  227  metres,  D  = 
173  807" '83  and  ^,  =  39®.  Whence  we  deduce  a  =  6  377  912  and  *  =,6  356  309 
metres. 

For  the  case  of  the  United  States  Central  arc  of  the  parallel  and  the  Peruvian  arc, 
we  have  the  data  C  D  <p^  as  above  and  for  the  South  American  arc*  A  =  344  736  8 
metres,  9?  =  —  3°  04'  32"o  and  <p'  =  +0"^  02'  3i".4.  Whence  we  get  a  =  6  378  027 
and  *  =  6  356  819  metres. 

The  results  from  the  combination  of  the  Nantucket  and  the  Pamlico-Chesapeake 
arcs  of  meridian  with  the  Peruvian  arc  are  given  in  the  Coast  Survey  report  for  1877, 
p.  94, t  viz:  a  =  6  378  054  and  d  =  6  357  175  metres.  In  this  combination  the  sub- 
divisions of  the  arcs  in  the  United  States  were  made  use  of. 

For  the  case  of  the  Lake  Erie  and  the  Peruvian  arcs,  we  have  the  data: 
C—  977  491  metres,  D  =  42  46o"'o,  <p^=  42*^,  and  those  for  the  southern  arc  as  before; 
whence  we  find  a  =  6  379  822  and  d=  6  357  716  metres. 

For  the  case  of  the  Lake  Superior  and  the  Peruvian  arcs,  with  data  as  given  above, 
we  deduce:  a  =  6  377  577  and  d  =  6  356  777  metres. 

In  the  following  table  the  above  results,  besides  some  other  useful  data,  are  collected 
for  ready  comparison : 

Comparative  table  0/ preliminary  values  from  American  measures  for  the  earth^s  equatorial  tadius 
{a)  and  its  polar  semiaxis  {b)  with  the  values  pertaining  to  representative  spheroids  as  deduced 
by  Clarke  and  Bessel. 

No.  of 
Arcs  and  their  combinations.  No.      Amplitudes.      f^^^     In  metres.  In  metres.       «"*  V 

stations. 

Bcftsel's  spheroid  of  1841  i      2  =  50°  35'  4  38  «>'s      6  377  397  6  356  079  21  3^8  ^-^ 

Clarke's  spheroid  of  1866  2      2  =  76   35  *o  40  ^'8      6  378  ao6  6  356  584  ai  622  „f:, 

American  Central  arc  of  parallel  (39O)  1  f  48°  16' '80089  28  A'si    ^  ^      ^ 

Lake  superior  arc  of  meridian  }  M  9   »3  8  ,o,-»M^''9"  6  356  309  «  603  ,rf^ 

American  Central  arc  of  parallel  (39°)i  (48    168COS9         28A'.sx    ^      ^,  ,      ^  r, 

^  ...  \  4    1  .    }    6  378  027      6  356  819      21  208  sfffry 

Peruvian  arc  of  meridian  J  ^  3   07    i  298^  '^       ^ 

Lake  Krie  arc  of  parallel  (42°)  J  /"   47  7  cos  9  4  A's  . 

f  5    1  ,   f    6  379  822     6  357  716      22  106  vkItv 

Peruvian  arc  of  mendian  i  ^  3   07  *i  29SI        '"''  *"'  '  ""• 

Lake  Superior  arc  of  meridiani  1  9   23  '8  10  ^'s  1 

„         .  ,  ...  \  61  ,  .,  ,}    6  377  577      6  356  577      21  000  toJtt 

Peruvian  arc  of  mendian  i  ^  3   o7    i  29'si 

2  =  11°  01' -2      74-14  v's 


The  Nantucket  and  Pamlico-Chcsapcake  arcs 

of  meridian 
Peruvian  arc  of  meridian 


3  07  I         2  9'S 


6  37S  054   6  357  175   ao  879     „^ 


Reviewing  the  tabular  values,  a  most  striking  fact  is  found  in  the  apparent  close 
accord  between  the  several  results,  thus  testifying  to  the  value  of  the  measures; 
next  we  notice  that  the  5  arcs  situated  within  the  limits  of  the  United  States,  when 
combined  with  the  Peruvian  arc,  or  among  themselves,  all  demand  a  representative 
spheroid  of  somewhat  larger  dimensions  than  that  of  Bessel.  This  conclusion  was 
already  arrived  at   in    1877, J  but  was  then   based   upon   quite  slender  evidence  as 

♦Coast  Survey  Report  for  1877.  Appendix  No.  6.  The  Peruvian  arc  was  measured  between  the  years  1735  and  1743; 
its  amplitude  is  3°  07'!.  The  Peruvian  arc  is  referred  to  by  members  of  the  Coast  and  Geodetic  Survey  in  the  annual 
reports  for  1877  (p.  95),  for  1889  (p.  199  and  foil.,  and  agrain  p.  494  and  foil.)  and  for  1898  (Appendix  No.  4). 

t  The  Nantucket  arc  of  meridian  was  measured  between  the  years  1845  and  1866 ;  the  Famlioo-Chesapcake  arc  of 
meridian  was  measured  between  the  years  1844  A°<i  1876. 

\  Coast  Survey  Report  for  1877,  p.  94. 


